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Abstract

Introduction Postoperative acute kidney injury (AKI)

following arthroplasty has not been well studied. Our aim

was to identify factors associated with increased risk of AKI.

Methods The medical records for adult patients who

underwent elective total joint arthroplasty during June 1,

2007 to May 31, 2010 at the Mayo Clinic were reviewed to

identify patients with normal preoperative kidney function

who experienced perioperative AKI, defined as an increase

in serum creatinine (sCr) by 26.4 lmol�L-1. For each AKI

case, two controls were identified and matched for age, sex,

and type of operation. Medical records were abstracted for

demographics, comorbid conditions, and preoperative,

intraoperative, and postoperative variables. Conditional

logistic regression analyses were performed to identify risk

factors for AKI.

Results Of the 9,171 patients who underwent joint

replacement operations, 167 with normal preoperative

renal function developed AKI with a median [25th, 75th]

increase in sCr of 35.4 [26.4, 44.2] lmol�L-1. No patient

required dialysis. A higher than normal body mass index,

diabetes mellitus, the number of baseline antihypertensive

medications, cerebral or peripheral vascular disease, use

of general anesthesia, and perioperative blood transfusions

were independently associated with risk for AKI. Hospital

length of stay and intensive care admissions were greater

in AKI patients, and in 12.0% of patients, sCr remained at

least 26.4 lmol�L-1 higher than preoperative baseline at

least three months after surgery.

Conclusion In this case-control investigation, we iden-

tified several factors associated with the development of

postoperative AKI. Recognition of these risk factors could

allow for the adoption of perioperative renal protective

strategies in patients undergoing arthroplasty.

Résumé

Introduction La lésion rénale aiguë (LRA) postopératoire

après arthroplastie n’a pas été bien étudiée. Notre objectif
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était d’identifier des facteurs associés à une élévation du

risque de LRA.

Méthodes Les dossiers médicaux de patients adultes

ayant subi une arthroplastie totale programmée entre le

1er juin 2007 et le 31 mai 2010 à la Mayo Clinic ont été

passés en revue pour identifier les patients ayant une

fonction rénale normale avant l’intervention et ayant

présenté une LRA périopératoire, définie par une

augmentation de la créatinine sérique de 26.4 lmol�L-1.

Deux cas témoins appariés pour l’âge, le sexe et le type

d’intervention ont été identifiés pour chaque cas de LRA. Des

dossiers médicaux, on a retenu les données démographiques,

les comorbidités et les variables pré- per- et postopératoires.

Des analyses de régression logistique conditionnelle ont été

réalisées pour identifier les facteurs de risque de LRA.

Résultats 9 171 patients ont subi des interventions de

remplacement articulaire et, parmi eux, 167 patients qui

avaient une fonction rénale préopératoire normale ont

développé une LRA avec une augmentation moyenne (25e,

75e) de la créatinine de 35.4 (26.4, 44.2) lmol�L-1. Aucun

patient n’a nécessité de dialyse. Les facteurs associés de façon

indépendante au risque de LRA étaient un indice de masse

corporelle élevé; le diabète; le nombre de médicaments

antihypertenseurs à l’inclusion; une maladie vasculaire

cérébrale ou périphérique; le recours à l’anesthésie générale;

et les transfusions de sang en période périopératoire. La durée

de l’hospitalisation et les admissions aux soins intensifs ont

été plus importants parmi les patients atteints de LRA et la

créatinine est restée supérieure à 26.4 lmol�L-1 plus de trois

mois après la chirurgie chez 12 % des patients, par rapport à

la valeur à l’inclusion.

Conclusion Dans cette étude cas-témoins, nous avons

identifié plusieurs facteurs associés à l’apparition d’une

LRA postopératoire. L’identification de ces facteurs de

risque pourrait permettre l’adoption de stratégies de protection

rénale chez les patients subissant une arthroplastie.

Total joint arthroplasty is a frequently performed operation

and demand is likely to increase.1,2 The occurrence of

complications, such as stroke and myocardial infarctions, is

estimated to be 0.2% and 1.5%, respectively;3,4 however,

little is known about patients undergoing total joint arthro-

plasty who develop acute kidney injury (AKI). Postoperative

AKI is a serious complication, and identification of any

modifiable factors could assist in perioperative management.

At present, most studies that have tried to define these factors

have examined heterogenous surgical populations.5 In con-

trast, AKI following joint arthroplasty has not been well

characterized, and to date, few studies on this topic have been

published.6,7 The primary aim of the present study is to

undertake further exploration of the preoperative and

intraoperative factors associated with postoperative AKI in

patients undergoing total joint arthroplasty.

Methods

This study was approved by the Mayo Clinic, Rochester

MN, Institutional Review Board. Consistent with Minne-

sota Statute 144.335 Subd. 3a. (d), we included only

patients who have provided authorization for research use

of their medical records.A To assess for factors associated

with postoperative AKI, we utilized a retrospective 2:1

matched case-control study design. For each case, a pool of

ten potential controls were matched for sex, age (standard

deviation, 5 yr), and type of orthopedic procedure. From

each pool, two matches were randomly selected. The 2:1

matching design was selected after weighing statistical

considerations along with the resources required to abstract

medical records. Also, the matching criteria limited the

availability of eligible controls for additional matches.

To identify adult patients who underwent elective hip,

knee, or shoulder arthroplasty during June 1, 2007 to May 31,

2010, we utilized the Mayo Clinic Total Joint Registry

Database.8 This computerized database is designed to

determine the effectiveness of arthroplasty surgery as a

function of implant design, surgical technique, and patient

selection, and the database includes all patients receiving

joint replacement at the Mayo Clinic (Rochester, MN, USA).

It has been maintained for over 40 years and has been used

for numerous orthopedic surgery outcomes studies.8 The

study timeframe of a three-year epoch was selected based on

two assumptions: 1) it would be adequate to identify a suf-

ficient number of AKI cases ([ 100) to perform a meaningful

analysis; and 2) it would minimize the effects of practice

change over time. Only the first surgery was considered for

those patients who had multiple procedures during the study

timeframe. Exclusion criteria included patients who required

an emergent operation or surgery involving infection,

trauma, or pathologic fracture repair. The Mayo Clinic and

International Business Machines (IBM) Corporation have

collaboratively developed a sophisticated data warehouse

(Mayo Clinic Life Sciences System [MCLSS]), which con-

tains a replicate of Mayo Clinic’s electronic medical record.9

The MCLSS is developed from multiple clinical data sour-

ces, including full-text clinical notes, laboratory tests,

diagnostic findings, demographics, and related clinical data.

The electronic medical record data are loaded into MCLSS

using IBM’s WebSphere Commerce Analyzer, creating

A Over 95% of Mayo Clinic patients provided authorization for

research use of their medical records.
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DB/2 Universal Database structures of Mayo Clinic’s nor-

malized clinical data. The MCLSS provides a query-building

tool, Data Discovery and Query Builder (DDQB). For this

study, the DDQB was used to extract serum creatinine (sCr)

concentrations obtained within six months antecedent to

surgery (baseline value) and within the first 72 hr postoper-

atively. This timeframe was selected to limit analysis of

causative factors to the immediate postoperative period.

Patients without baseline and postoperative sCr were exclu-

ded. Only patients with normal preoperative renal function—

as defined by a glomerular filtration rate C 60 mL�min-1/

1.73 m-2 (calculated using the Modification of Diet in Renal

Disease Study equation)10—were included.

Assessment of AKI

A comparison between baseline and highest postoperative

sCr was performed to determine the presence of postopera-

tive AKI. Typically, preoperative sCr is measured during the

preanesthetic evaluation, and postoperative sCr is measured

by the surgical service on postoperative day one or two;

however, there is no standing protocol for measurement of

preoperative and postoperative sCr. The development of

AKI was defined using a modification of the Acute Kidney

Injury Network (AKIN) criteria. The AKIN criteria is a

minimal increase of sCr by 26.4 lmol�L-1 within a 48-hr

period.11 We used sCr obtained within the first 48 postop-

erative hours to determine the presence or absence of AKI;

however, when no postoperative sCr was obtained during

that initial period, we used the value obtained within 49-72

postoperative hours. This AKIN criteria modification has the

potential for misclassifying some patients as having AKI

when the increase in sCr was \ 26.4 lmol�L-1 in the first 48

hr but was unmeasured until the third postoperative day.

Decline in urine output was not used because of inaccuracies

of such measurements on postoperative wards. The severity

of AKI was characterized using the AKIN staging system11

into three grades: Stage 1 = sCr increase C 26.4 lmol�L-1

or increase C 150-200% from baseline value; Stage 2 = sCr

increase C 200%; Stage 3 = sCr increase C 300% or need

for dialysis.

Anesthetic management

The anesthetic for patients undergoing arthroplasty gener-

ally consists of peripheral nerve blocks (i.e., femoral nerve

block) and neuraxial or general anesthetic, at the anesthe-

siologist’s discretion. Part of the perioperative analgesic

regimen relied on nonsteroidal anti-inflammatory drugs

(NSAID), celecoxib 200-400 mg orally preoperatively or

ketorolac 15-30 mg perioperatively, as deemed appropriate

by the attending anesthesiologist.

Data abstraction

All data were abstracted from the electronic medical records

and entered manually into the web-based Research Elec-

tronic Data Capture (REDCap�) system version 3.6.7

(Vanderbilt University, Nashville, TN, USA).12 All data

were abstracted by one anesthesia research fellow (C.G.) and

four student nurse anesthetists (P.D.J., D.R.B., N.J.B.,

R.D.C.). To achieve the uniformity of data extraction, the

first ten charts were reviewed by all abstractors and differ-

ences were reconciled in a discussion with the two senior

authors (T.N.W., J.S.). Electronic medical records were

abstracted for demographics, comorbid conditions, and

preoperative, intraoperative and postoperative variables.

Comorbid conditions were defined according to definitions

used for numerous outcome studies at Mayo Clinic,13

including cardiac disease, coronary artery disease (myocar-

dial infarction, coronary stent placement, or cardiac bypass

surgery), congestive heart failure/cardiomyopathy (or ejec-

tion fraction \ 40%), cardiac dysrhythmia (atrial fibrillation

or flutter, implanted pacemaker, and/or automated defibril-

lator), arterial hypertension (medically treated), cerebral or

peripheral vascular disease, diabetes mellitus (medically

treated), hyperlipidemia (medically treated), and anemia

(WHO criteria of anemia).14 The number of antihypertensive

medications used by hypertensive patients was recorded.

Overall physical status was assessed from the American

Society of Anesthesiologists’ physical status score.

The anesthetic record was reviewed for anesthetic dura-

tion, anesthetic method (neuraxial vs general anesthesia),

blood transfusion, and perioperative complications, includ-

ing severe hemodynamic instability (need for vasopressor

medications beyond ephedrine or phenylephrine, cardio-

pulmonary resuscitation, or other advanced resuscitative

techniques) or other severe perioperative complications.

Postoperative complications and mortality that occurred

within 30 postoperative days were reported, and the status

of kidney function at three months or later after surgery

was documented.

Data analysis

Potential comorbid conditions that could be associated with

AKI as well as type and duration of anesthesia and peri-

operative blood transfusions were assessed using

conditional logistic regression taking into account the 1:2

matched set study design. In addition to univariable

regression analyses, a multivariable logistic regression

analysis was performed with all characteristics listed in

Table 1 included as explanatory variables. Explanatory

variables were selected based on a systematic review of the

literature. This search was conducted using Ovid MED-

LINE� and Embase search engines from 2000-2010 using

Kidney injury following orthopedic surgery 1113
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the following search terms: ‘‘kidney injury’’; ‘‘kidney

failure’’; ‘‘arthroplasty, replacement, hip’’; ‘‘hip prosthe-

sis’’; ‘‘joint prosthesis’’; ‘‘knee prosthesis’’; and

‘‘arthroplasty, replacement, knee’’. Retrieved manuscripts

were manually reviewed to identify studies that specifically

studied postoperative kidney injury following elective total

joint arthroplasty surgery. This search identified two stud-

ies.6,7 Two large published studies that examined AKI

following general surgery using the American College of

Surgeons National Surgical Quality Improvement Program

(ACS-NSQIP) were also used to identify potential

explanatory variables.15,16 Generally, age, sex, preexisting

renal disease, components of the metabolic syndrome,

cardiovascular disease, and surgical complexity have been

evaluated.6,7,15,16 As age and sex were matching criteria

and preexisting kidney disease an exclusion criteria, these

variables were not examined in this study. Findings from

the logistic regression analyses are summarized by pre-

senting the odds ratios and corresponding 95% confidence

intervals. Two-tailed P values B 0.05 were considered

statistically significant. Analyses were performed using

SAS� statistical software version 9.2 (SAS Institute, Inc.,

Cary, NC, USA).

Results

During the study period, 9,171 patients underwent one or

more joint replacement surgeries (only index procedures

were considered for analysis). Preoperative sCr was

obtained for 8,095 patients and postoperative sCr for 8,220

patients. Both preoperative and postoperative sCr concen-

trations were obtained in 7,463 patients. We identified 167

patients with normal preoperative renal function who

experienced a postoperative increase in sCr consistent with

AKI. The median [25th, 75th] increase in sCr was 35.4

[26.4, 44.2] lmol�L-1. All but 11 episodes were AKIN

Stage I injuries. All cases were matched 2:1 with control

patients, and by study design, both groups were of similar

age, same sex, underwent identical types of surgery, and

had a normal preoperative glomerular filtration rate (GFR)

(Table 1). Table 2 summarizes specific comorbidities and

surgical characteristics associated with the development of

postoperative AKI. A secondary analysis restricted to

known preoperative variables yielded similar odds ratio

estimates, although the finding was no longer significant

for diabetes mellitus. Table 3 summarizes the intraopera-

tive and postoperative course of cases and controls. Serum

creatinine concentrations obtained at least three months

following surgery were available for 83 (49.7%) cases and

252 (75.4%) controls, and 12.0% of cases continued to

have sCr elevated (C 26.4 lmol�L-1) from preoperative

baseline levels. In comparison, 1.7% of controls were

found to have elevated sCr from preoperative baseline

levels after three months.

Discussion

In orthopedic patients with normal preoperative kidney

function, higher than normal body mass index (BMI),

diabetes mellitus, hypertension, cerebrovascular or

peripheral vascular disease, exposure to general anesthesia,

and blood transfusions were independent risks for devel-

opment of postoperative AKI. These findings suggest that

chronic diseases known to lead to the development of

chronic kidney disease17 also play a role in perioperative

AKI. Although the majority of injuries were Stage I, any

increase in sCr reflects a clinically relevant decrement in

GFR, which may be associated with long-term risk of

impaired renal function.18 Indeed, 12% of patients did not

have normalization of kidney function.

Studies of postoperative kidney injury have suffered

from a lack of consistency in defining AKI.19 The RIFLE

criteria19 and subsequent AKIN definition11 have addressed

this methodological deficiency. Acute kidney injury fol-

lowing cardiac, vascular surgery, and major noncardiac

surgery has been well studied;5,16,20-23 however, AKI fol-

lowing joint arthroplasty has received less attention.6,7,24

Though our study was not designed to determine the

incidence of postoperative AKI, the percentage of cases

(1.8%) that experienced postoperative AKI is higher than

previous estimates (0.4-0.55%), likely reflecting increased

sensitivity of our modified AKIN criteria compared with

RIFLE criteria,11,19 which may introduce an ascertainment

bias.

Two studies have examined factors associated with AKI

following joint arthroplasty.6,7 Jafari et al.6 reported that

increased BMI, preoperative sCr, surgical duration, chronic

Table 1 Patient demographics and surgical characteristics between

patients who developed postoperative acute kidney injury and their

matched controls

Patient characteristics Case

(n = 167)

Control

(n = 334)

Age, yr, n (SD) 68.4 (12.0) 68.0 (11.2)

Men, n (%) 106 (63.5) 212 (63.5)

Type of surgery, n (%)

Unilateral knee 82 (43.2) 164 (43.2)

Bilateral knee 11 (5.8) 22 (5.8)

Unilateral hip 89 (46.8) 178 (46.8)

Unilateral shoulder 8 (4.2) 16 (4.2)

Preoperative glomerular filtration rate,

mL�min-1/1.73 m-2, n (SD)

83.1 (21.7) 85.2 (18.6)

SD = standard deviation

1114 T. N. Weingarten et al.
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obstructive pulmonary disease, liver disease, hypertension,

and heart disease were independent risk factors for postop-

erative AKI. Aveline et al.7 found that preoperative kidney

dysfunction, advanced age, comorbidities, and prolonged

use of NSAIDS were associated with postoperative renal

dysfunction. The current study differed in that patients with

pre-existing kidney disease were excluded and matched

for age, and a more detailed analysis of perioperative

Table 2 Analysis of potential risk factors for AKI in patients undergoing total joint arthroplasty*

Risk Factor Case

(N = 167)

Control

(N = 334)

Conditional Logistic Regression

Univariable Multivariable

OR 95% CI P value OR 95% CI P value

Body mass index, kg�m-2, n (SD) 33.9 (8.3) 31.3 (6.8) 1.06 1.03 to 1.09 \0.001 1.05 1.01 to 1.08 0.011

Revision arthroplasty 29 (17.4) 46 (13.8) 0.34 0.79 to 2.27 0.272 1.19 0.62 to 2.31 0.599

Diabetes mellitus 44 (26.3) 36 (10.8) 3.09 1.86 to 5.15 \0.001 1.90 1.04 to 3.50 0.038

Number of antihypertensives used \0.001 0.014

0 23 (13.8) 118 (35.3) 1.00 Referent 1.00 Referent

1 41 (24.6) 83 (24.8) 2.70 1.49 to 4.90 2.16 1.13 to 4.15

2 44 (26.3) 80 (24.0) 3.29 1.81 to 6.00 2.21 1.10 to 4.44

C3 59 (35.3) 53 (15.9) 6.53 3.51 to 12.13 3.52 1.64 to 7.56

Hyperlipidemia 74 (44.3) 121 (36.2) 1.41 0.96 to 2.07 0.078 0.86 0.54 to 1.39 0.550

Cardiac disease 65 (38.9) 78 (23.4) 2.14 1.42 to 3.23 \0.001 1.38 0.84 to 2.28 0.202

Cerebral or peripheral vascular disease 18 (10.8) 11 (3.3) 3.73 1.68 to 8.31 \0.001 2.62 1.01 to 6.79 0.047

Preoperative anemia� 40 (24.0) 49 (14.7) 1.89 1.16 to 3.07 0.010 0.98 0.53 to 1.78 0.934

General anesthesia 133 (79.6) 202 (60.5) 2.91 1.81 to 4.68 \0.001 2.47 1.45 to 4.22 \0.001

Duration of anesthesia, hours, n (SD) 3.3 (1.2) 3.2 (1.0) 1.18 0.98 to 1.42 0.084 0.90 0.71 to 1.14 0.394

Any perioperative transfusion 71 (42.5) 72 (21.6) 3.03 1.95 to 4.71 \0.001 3.30 1.90 to 5.71 \0.001

Values are displayed as number (percentage) unless otherwise specified. *Analyses were performed using conditional logistic regression taking

into account the 1:2 matched set study design. Body mass index and duration of anesthesia were modelled as continuous variables, and all other

variables were modelled as categorical variables. For continuous variables, the odds ratio is presented for a 1 unit increase in the given variable

(1 kg�m-2 increase in body mass index or 1 hour anesthesia duration). �Anemia is defined as \ 130 g�L-1 for men and \ 120 g�L-1 for

women14

OR = odds ratio; CI = confidence interval; SD = standard deviation

Table 3 Intraoperative and postoperative course between patients who developed postoperative acute kidney injury and their matched controls

Case (n = 167) Control (n = 334) P

Intraoperative course

Crystalloid administered, L, n (SD) 2.1 (1.1) 2.0 (1.0) 0.184

Colloid administered 92 (55.1) 175 (52.4) 0.569

Hemodynamic instability* 0 (0) 0 (0) 1.000

Intraoperative NSAID administration 94 (56.3) 245 (73.4) \ 0.001

Postoperative course

Intensive care unit admission 24 (14.4) 22 (6.6) 0.004

Hospital length of stay, days, n (SD) 4.7 (2.7) 3.5 (1.4) \ 0.001

Myocardial infarction 1 (0.6) 0 (0) 0.333

Acute lung injury 1 (0.6) 0 (0) 0.333

Dialysis 0 (0) 0 (0) 1.000

30 day mortality� 2 (1.2) 1 (0.6) 0.259

Values are displayed as number (percentage) unless otherwise specified. *Hemodynamic instability was defined as the need for vasopressor

medications beyond ephedrine or phenylephrine or the use of advanced cardiovascular resuscitative techniques, such as cardiopulmonary

resuscitation, defibrillation or cardioversion. �Two patients died secondary to thromboembolic complications, and one patient died from a

cardiac arrest

NSAID = nonsteroidal anti-inflammatory drug; SD = standard deviation
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management was performed. Similar to Jafari et al.,6 we

found that a higher than normal BMI represents an increased

risk for AKI. A large study of over 300,000 patients

undergoing noncardiac surgery from the ACS-NSQIP

database found that the risk of postoperative AKI was

increased by three- to seven-fold in obese compared with

normal-weight patients.15 Obesity is linked to metabolic

syndrome,25 a condition associated with chronic kidney

disease.17 While the presence of metabolic syndrome was

not assessed directly, it is plausible that syndrome compo-

nents (diabetes, hypertension, hyperlipidemia, glucose

intolerance, or insulin resistance) may have acted in concert

to increase risk, though parsing the relevance of individual

factors is challenging. Data from the ACS-NSQIP found that

diabetics were 1.3 (for those on oral therapy) to 1.7 (for

those on insulin therapy) times more likely to develop

postoperative AKI,16 a degree of increased risk comparable

with our findings. Insulin resistance results in widespread

endothelial dysfunction and impaired renal vascular auto-

regulation26 and has been shown in murine models to

worsen kidney injury following ischemia.27 Arterial

hypertension has been associated with postoperative AKI in

noncardiac16,23 and orthopedic surgical patients.6 In our

study, this association was increased with the number of

used antihypertensive medications, which provides a clini-

cally relevant means to assess for the risk of postoperative

kidney injury. Multiple antihypertensive medications may

denote less-controllable hypertension, which could render

kidneys more prone to injury.28 Alternatively, multiple an-

tihypertensives could have resulted in intraoperative renal

hypoperfusion and subsequent AKI. A post-hoc analysis

found no antihypertensive medication class effect. Unfor-

tunately, we do not have information whether our patients

took antihypertensive medications the day before or on the

day of surgery. The lack of this information precludes us

from making a conclusion regarding the role of antihyper-

tensives and the risk of AKI, and this question needs further

study.

Arthroplasty performed under general anesthesia was

associated with higher AKI risk than those performed

under only neuraxial blocks. Epidural analgesia has been

shown to have a renal protective effect in patients under-

going coronary artery bypass grafting surgery.29 Though

neuraxial anesthesia has little effect on renal blood flow or

urine output,30 it does blunt the sympathetic response to

surgery, and this has been postulated to be the mechanism

of renal protection in open heart surgery.29 Our study

design was not designed to elicit the ‘‘protective’’ effect of

this technique. It should be emphasized that most patients

had peripheral nerve blocks regardless of the primary

anesthetic. These peripheral blocks may have also blunted

the sympathetic response to surgical incision. In addition,

our observation may reflect selection bias towards the

favourable use of neuraxial anesthesia in more straight-

forward (non-complicated or lower-risk) cases.

Perioperative blood transfusions were associated with

increased risk of AKI. It is not clear whether this effect can be

attributed to anemia, hypovolemia, or to transfusion of blood

products per se. However, our model found blood transfu-

sions, but not preoperative anemia, to be independently

associated with increased risk. Blood transfusions have

increasingly been implicated with postoperative morbidity

and mortality, and blood transfusions in septic patients were

associated with increased rates of AKI.31 Anemic patients

undergoing cardiac surgery who received blood transfusions

are at increased risk for AKI;32-34 however, whether reduc-

tion of the rate of blood transfusion lowers the incidence of

AKI following orthopedic surgery requires further study.35

The rate of perioperative NSAID administration was

greater among our controls than the cases. This study was

not designed to examine the association between ketorolac

administration and kidney injury. The lower rate among

cases may reflect selection bias not to administer these

medications to those deemed at higher risk for AKI. These

medications affect renal autoregulation via impaired syn-

thesis of renal prostaglandins, which reduces renal plasma

flow and GFR.36,37 In surgical patients with normal renal

function, a transient decrement in renal function is

observed but considered to be clinically irrelevant,38 but in

the setting of stressed kidneys, continued NSAID admin-

istration should be avoided.36,39 Nevertheless, it is

unknown if withholding NSAIDS from patients at higher

risk of injury would affect the rate or magnitude of AKI.

Outcomes of patients with AKI

It is unclear if the higher rates of ICU admission or longer

hospital stays were a result of AKI or other factors (more

complicated surgery or patients with greater disease burden

who required increased levels of postoperative care). In a

minority of AKI patients, renal function did not return to

preoperative levels three months after surgery, raising the

possibility that injury in some individuals may have a long-

term deleterious effect. The risk of eventual development

of chronic kidney disease following an episode of post-

operative Stage I AKIN is not known; however, it has been

suggested that patients who survive an episode of AKI are

at greater risk of later developing chronic kidney disease.40

Limitations

This study suffers from limitations inherent in retrospective

studies. Since 19% of patients did not have sCr measure-

ments, the observed rate may reflect an underestimate. Our

timeframe for sCr was 72 postoperative hours in order to

focus our analysis on preoperative and immediate

1116 T. N. Weingarten et al.
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perioperative factors associated with AKI. This may have

resulted in missing some AKI cases because sCr may have a

delayed rise in response to renal insult. A sizable proportion

of our patients, especially those who developed AKI, did not

have sCr measurements taken after three months, which

impairs our ability to assess long-term outcomes. Our

findings reflect an experience in a large tertiary care insti-

tution with a relatively homogenous surgical population

(almost exclusively white), which limits the generalizability

to other populations or practices. Another factor that might

reduce the generalizability is the fact that we excluded

patients with pre-existing chronic kidney disease and those

who underwent emergent surgery or surgery for pathologi-

cal fractures or infections. These conditions may increase

the risk of postoperative AKI.

In conclusion, the rate of postoperative AKI following

major elective orthopedic arthroplasty is approximately 2%,

most of which was Stage I AKIN injuries. In a proportion of

these patients, renal function did not return to preoperative

baseline at three months. Future studies are needed to elu-

cidate whether this perioperative AKI kidney injury poses a

risk for later development of more serious kidney dysfunc-

tion. Chronic health conditions, such as diabetes and

hypertension, associated with the development of chronic

kidney disease were also associated with an increased risk of

postoperative AKI, as were blood transfusions and under-

going general anesthesia. Appreciation of these risk factors

may lead to implementation of measures to avoid perioper-

ative use of nephrotoxic agents and introduction of processes

aimed at more stringent perioperative hydration and more

routine postoperative renal function monitoring.
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