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Abstract

Background With increasing prevalence of methicillin-

resistant Staphylococcus aureus (MRSA) in patients

undergoing hip and knee arthroplasty, some have advo-

cated a dual-antibiotic regimen including vancomycin as

prophylaxis against surgical site infections. However,

routine administration of vancomycin may result in

impaired renal functions in susceptible patients.

Questions/purposes The purpose of this study was to

determine whether patients receiving antibiotic prophylaxis

with cefazolin and vancomycin have a higher risk of

postoperative acute kidney injury (AKI) compared with

patients receiving cefazolin alone before elective primary

hip and knee arthroplasty. We also aimed to compare

severity and recovery of AKI in these two cohorts and to

determine independent risk factors for AKI.

Methods We retrospectively evaluated a series of 1828

patients undergoing primary hip and knee arthroplasty over

a 2-year period who received either cefazolin (n = 500) or

cefazolin and vancomycin (n = 1328) as perioperative

antibiotic prophylaxis. During the study period, a perceived

high prevalence of MRSA infections at our institution led

some surgeons to add vancomycin to the prophylactic anti-

biotic regimen. The patient characteristics, case mix, and

preoperative renal function and baseline creatinine clearance

were similar between the two groups. We defined AKI

according to the published Acute Kidney Injury Network

(AKIN) criteria, and the risk of AKI in both groups was

compared. We also compared the proportions of patients by

AKIN severity stage and assessed recovery as defined by

creatinine levels showing kidney function reaching 50%

baseline. The American Society of Anesthesiologists (ASA)

classification, preoperative chronic kidney disease, intraop-

erative fluid requirements, and estimated blood loss were

recorded. We analyzed the data using a multivariate logistic

regression model to identify potential independent risk fac-

tors, including dual antibiotic therapy.

Results Patients receiving dual antibiotics were more

likely to develop AKI compared with those receiving

cefazolin alone (13% versus 8%, p = 0.002). Dual-antibi-

otic prophylaxis also was associated with greater severity;

patients in the dual antibiotic group had higher rates of

Grade II and III acute kidney injury (3% versus 0%,

p = 0.003). There was no difference in the rate of return to

baseline renal function (2 ± 1.4 days versus 3 ± 3.4 days;

mean difference, 0.5 days; 95% confidence interval [CI],

�0.2 to 1.2 days; p = 0.155). Controlling for confounding

variables, dual antibiotic prophylaxis (adjusted odds ratio

[OR], 1.82; 95% CI, 1.25–2.64; p = 0.002), ASA class
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(adjusted OR, 1.64; 95% CI, 1.24–2.17; p = 0.001), and

preoperative kidney disease (adjusted OR, 1.81; 95% CI,

1.30–2.52; p = 0.001) were independent risk factors for

AKI after primary total joint arthroplasty.

Conclusions Without a clear advantage in reducing sur-

gical site infections, the utility and safety of routine addition

of vancomycin to the prophylactic regimen in all patients

undergoing primary hip and knee arthroplasty should be

avoided. Further prospective studies should look at the

efficacy of preoperative MRSA screening, decolonization,

and selective use of vancomycin in high-risk patients.

Level of Evidence Level III, therapeutic study.

Introduction

Surgical site infections (SSIs) are a considerable burden to

patients, surgeons, and the healthcare system accounting

for nearly 25% of all nosocomial infections per year in the

United States [15, 21]. Among patients undergoing primary

THA and TKA, infection is a devastating complication

resulting in increased costs, length of stay, and patient

morbidity [5, 12, 23, 26, 32]. Today, an estimated 15% of

all revision hip and 25% of revision knee arthroplasties are

performed for infections [6, 7]. Several clinical, surgical,

and environmental strategies have been shown to decrease

infection rates after primary total joint arthroplasty (TJA)

including the use of antibiotic-impregnated cement,

decreasing traffic in the operating room, use of ultraviolet

light, and, in some instances, use of laminar flow [3, 19, 22,

25, 27]. However, routine administration of prophylactic

antibiotic 1 hour before surgical incision has been shown

to be the most effective in decreasing the risk of SSI in

primary TJA [9, 16, 28, 29]. The American Academy of

Orthopaedic Surgeons currently recommends the use of

either cefazolin or cefuroxime in patients undergoing any

orthopaedic procedure [1]. With increasing prevalence of

methicillin-resistant Staphylococcus aureus (MRSA) in

patients undergoing hip and knee arthroplasty (THA and

TKA), some authors have suggested the addition to van-

comycin to the prophylactic antibiotic regimen [2, 8, 37].

Routine administration of vancomycin can have several

drawbacks. Although vancomycin has proven pharmacologic

efficacy against MRSA, it has no activity against gram-

negative aerobes or anaerobes and must be used in combina-

tion with traditional prophylactic agents to provide complete

coverage [11]. Additionally, the effectiveness and superiority

of the addition of vancomycin to the standard prophylactic

regimen in infection prevention continues to be debated [33,

36, 37, 39]. Finally, exposure to vancomycin has been shown

to be a risk factor for the development of resistant organisms,

hearing loss, and acute kidney injury (AKI) [2, 13, 14, 40].

Therefore, the purposes of this study are to (1) compare risk

of developing AKI between patients receiving prophylactic

cefazolin with versus without the addition of vancomycin; (2)

compare the severity and recovery of AKI in these cohorts;

and (3) determine the independent risk factors for AKI in

patients undergoing primary hip and knee arthroplasty.

Materials and Methods

We identified 2215 patients who underwent primary THA

and TKA between September 2008 and December 2010.

We excluded 325 patients with a documented drug allergy

to penicillin, cephalosporins, or vancomycin and another

62 patients who received a different antibiotic prophylaxis

other than cefazolin only or cefazolin and vancomycin.

This left 1828 patients for analysis (Fig. 1). Weight-based

doses of cefazolin alone (1 g if less than 80 kg in weight or

2 gif greater than 80 kg) or cefazolin and vancomycin

(15 mg/kg) were concurrently given and completed within

60 minutes before surgical incision and discontinued after

24 hours postoperatively. All surgeries were performed by

one of four fellowship-trained arthroplasty surgeons (CLI,

CLN, JPG, G-CL) at one institution. Antibiotic-impreg-

nated cement was not routinely used for primary THA/

TKA during the study period. The rate of SSI in this series

of patients was shown to be similar between the two groups

and previously published [17, 36]. The study was approved

and conducted according to the guidelines set forth by our

institutional review board.

Our institutional Infection Control Committee had recom-

mended the addition of vancomycin to the antibiotic

prophylaxis regimen based on the high prevalence of MRSA

infections treated at this institution and on their successful

reduction of SSIs in patients undergoing cardiac surgery.

Patients were not prescreened for MRSA colonization before

surgery. The decision to proceed with dual antibiotic prophy-

laxis was left to the discretion of the operating surgeon. Three

of the four surgeons universally adopted the recommendation

for all their patients with a single surgeon (G-CL) abstaining.

We recorded patient variables that could impact postop-

erative renal function, including the American Society of

Anesthesiologists (ASA) classification, age, surgical proce-

dure, estimated blood loss (EBL), intraoperative fluid

requirements, and preoperative kidney function. For each

patient, the pre- and postoperative creatinine was docu-

mented, and the individual glomerular filtration rate (GFR)

was calculated [24]. All patients had preoperative and at

least one postoperative creatinine documented in the medi-

cal record. A patient was classified as having preoperative

kidney disease if the preoperative GFR was less than 60 mL/

min/1.73 m2 within 30 days before surgery [31]. We defined

and classified postoperative AKI according to the published
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Acute Kidney Injury Network (AKIN) criteria (Table 1)

[31]. For patients who developed postoperative AKI, we

continued to trend creatinine values and noted days to return

to 50% of baseline kidney function.

Overall, the cefazolin group and cefazolin and vanco-

mycin group were similar and comparable. There were no

differences between the two groups in terms of procedure

type (THA/TKA) and ASA class (Table 2). Additionally,

the dual antibiotic group and the cefazolin only group were

similar with respect to mean EBL, intraoperative fluid

requirements, prevalence of preoperative kidney disease,

preoperative creatinine, and GFR (Table 3).

Statistical Analysis

We first performed an a priori power analysis to identify an

adequately powered sample size for this study. Our primary

outcome was to determine if there was a significant dif-

ference in the rates of AKI between the two antibiotic

groups. To detect a small effect size of w = 0.10 with a

Type I error rate of 0.05 and power of 0.90, it was deter-

mined that a minimum of 1051 patients would be required

Table 1. Acute Kidney Injury Network definition and classification

of kidney dysfunction

Stage Criteria

1 Increase of serum creatinine[ 0.3 mg/dL or 1.5 to 2.0 times

baseline

2 Increase of serum creatinine[ than 2.0 to 3.0 times baseline

3 Increase of serum creatinine[ than 3.0 times baseline or

[ 4.0 mg/dL with an acute increase of 0.5 mg/dL

Table 3. Comparison of outcomes between patients receiving

cefazolin alone and cefazolin plus vancomycin perioperatively

Patient

variable

Ancef only

(n = 500)

Ancef + vancomycin

(n = 1328)

p

value

Estimated blood loss

(mL) (SD)

277 (418) 223 (309) 0.476

Intraoperative fluids

(mL) (SD)

1825 (890) 1837 (874) 0.576

Preoperative kidney

disease (%)

128 (26) 283 (21) 0.050

Preoperative GFR (mL/

min/1.73 m2) (SD)

77.0 (26) 78.6 (26) 0.645

Preoperative creatinine

(mg/dL) (SD)

1.00 (0.84) 0.92 (0.54) 0.844

GFR = glomerular filtration rate.

Fig. 1 Schematic diagram demonstrating patient selection in the study.

Table 2. Demographics of patients by perioperative antibiotic group

Demographic data Ancef only

(n = 500)

Ancef + vancomycin

(n = 1328)

p value

Mean age (years) (SD) 59.6 (12.0) 60.6 (12.5) 0.123

Sex (%)

Male 222 (44) 479 (36) 0.001

Female 278 (56) 849 (64)

ASA class (%)

1 or 2 275 (56) 747 (56) 0.631

3 or 4 225 (44) 581 (44)

Arthroplasty site (%)

Knee 311 (62) 863 (65) 0.268

Hip 189 (38) 465 (35)

ASA = American Society of Anesthesiologists.
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for this study. Categorical variables between the cefazolin

group and cefazolin and vancomycin groups were com-

pared using the Pearson’s chi-square test. When any

observed or expected value was less than 5, the Fisher’s

exact test was used. The level of statistical significance was

set at p\ 0.05. Univariate logistic regression analysis of

all variables to identify risk factors for postoperative AKI

was performed. To control for potentially confounding

variables, the data were also analyzed using a multivariate

logistic regression model to identify independent risk fac-

tors for AKI after primary THA/TKA.

Results

Patients in the dual antibiotic group (cefazolin and van-

comycin) were more likely to develop AKI after surgery

compared with patients who received cefazolin alone (13%

[168 of 1328] versus 8% [39 of 500], adjusted odds ratio

[OR], 1.82; 95% confidence interval [CI], 1.25–2.64;

p = 0.002) (Table 4). Overall, the risk of AKI after sur-

gery was 11% (207 patients).

Patientswho receivedvancomycin andcefazolinweremore

likely to develop more severe renal dysfunction postopera-

tively compared with patients receiving cefazolin alone.

Although most patients with renal dysfunction were classified

as Stage I, patients receiving dual antibiotic prophylaxis were

more likely tohave severeGrades II and III kidney injuries (3%

[41 of 168] versus 0% [zero of 39], p\ 0.001) (Table 5). Of

the 207 patients who developed AKI postoperatively, these

patients returned towithin 50%of baseline kidney function at a

mean of 3 days (SD 3.2 days). There was no difference in the

time to return to 50% of baseline renal function between the

two groups (2 ± 1.4 days versus 3 ± 3.4 days; mean differ-

ence, 0.5 days; 95% CI, �0.2 to 1.2 days; p = 0.155). Two

patients in the vancomycin group developed multiorgan sys-

tem complications requiring dialysis after joint arthroplasty.

Using a multivariate logistic regression to control for

potentially confounding variables, we found that dual anti-

biotic prophylaxis was an independent risk factor for AKI

after primary THA/TKA (adjusted OR, 1.82; 95% CI, 1.25–

2.64; p = 0.002). ASA classification (adjusted OR, 1.64;

95% CI, 1.24–2.17; p = 0.001) and preoperative kidney

disease (adjusted OR, 1.81; 95% CI, 1.30–2.52; p = 0.001)

were also independent risk factors. Age, procedure type,

EBL, and intraoperative fluid requirements were not sig-

nificant risk factors for the development of AKI (Table 6).

Discussion

With potential penalties for readmissions and complications,

there is additional incentive to find the optimal antibiotic

regimen for prophylaxis before TKA and THA. Although

some have proposed the routine addition of vancomycin to

the preoperative antibiotic regimen, we and others have

shown that the addition of this additional drug did not reduce

the incidence of SSI compared with a single drug regimen

[33, 36, 39]. Additionally, vancomycin overuse can result in

adverse events including nephrotoxicity, ototoxicity, and the

development of resistant organisms [2, 13, 40]. Therefore,

the purposes of this study are to (1) compare risk of devel-

oping AKI between patients receiving prophylactic

cefazolin versus without the addition of vancomycin; (2)

compare the severity and recovery of AKI in these cohorts;

and (3) determine the independent risk factors for AKI in

patients undergoing primary hip and knee arthroplasty.

There are several limitations to this study. First, in this

series, only one of four surgeons (G-CL) gave cefazolin

alone for antibiotic prophylaxis, whereas the remaining three

used a dual antibiotic prophylaxis. Although this can result in

selection bias, the risk is minimized by the relative large

numbers and the lack of differences between the two groups

with respect to age, procedure type, preoperative renal status,

and ASA classification. Undoubtedly, a prospective ran-

domized study would minimize the risk of bias or

confounding variables. Second, we did not take into account

the potential contributions of comorbidities such as heart

disease or diabetes or medications known to affect renal

function. Several drugs such as angiotensin-converting

enzyme inhibitors, angiotensin receptor blockers, and non-

steroidal antiinflammatory drugs (NSAIDs) can affect renal

function and place patients at risk for renal insult. However,

Table 4. Rates of acute kidney injury and surgical site infection

separated by choice of antibiotic prophylaxis

Study outcome Ancef only

(n = 500)

Ancef + vancomycin

(n = 1328)

p value

Acute kidney

injury (%)

39 (7.8) 168 (12.6) 0.002

Surgical site

infection (%)

7 (1.4) 15 (1.1) 0.636

Percent change in

GFR

47.3 44 0.186

GFR = glomerular filtration rate.

Table 5. Severity of acute kidney injury based on the Acute Kidney

Injury Network (AKIN) staging system

AKIN

stage

Ancef only

(n = 500)

Ancef + vancomycin

(n = 1328)

p value

Any stage 39 (7.8) 168 (12.6) 0.002

Stage I 39 (7.8) 127 (9.6) \ 0.001

Stage II or III 0 (0) 41 (3.1)
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because there were no differences in ASA classification,

prevalence of renal disease, and preoperative creatinine or

GFR between the two groups, the risk of confounder bias is

reduced. Furthermore, during our study period, our pain

management protocol did not include NSAID administration,

thus minimizing the risk of NSAID-related renal dysfunction.

Third, the precise nature of renal injury was not investigated

and therefore the definitive cause of AKI cannot be precisely

determined. Cefazolin and other beta-lactam antibiotics can

cause acute interstitial nephritis, which is not dose- or

duration-dependent. This is confirmed by our results because

patients receiving cefazolin alone were not immune to

developing AKI. However, because the focus of this study

was to look at the effect of adding vancomycin on overall

renal function, defining the precise nature of renal failure is

not critical. Finally, although the routine use of antibiotics in

cement for primary THA/THA was not common practice

during this study period, we did not document the effect of its

use in high-risk patients (ie, immunocompromised patients

and prior hardware). However, when antibiotic cement was

used, all four surgeons used the same commercially pre-

mixed gentamycin cement, which has relatively low

concentrations with low risk of systemic toxicity.

Dual antibiotic prophylaxis with vancomycin and cefaz-

olin increased the risk of AKI after primary THA or TKA

compared with patients receiving cefazolin alone. A study

comparing kidney injury after primary joint arthroplasty

with patients receiving flucloxicillin and gentamycin has

been shown to increase the rate of renal dysfunction after

surgery compared with those receiving cefuroxime alone

[35]. Bailey et al. [4] reported on a series of patients under-

going THA or TKA treated with either cefuroxime or

flucloxacillin and gentamycin. Their results showed that the

two antibiotic groups developed new-onset, transient renal

impairment at a higher rate compared with the single anti-

biotic group (9% versus 2%, p\ 0.001) [4]. Additionally,

others have reportedAKI in patients undergoing treatment of

prosthetic joint infections with vancomycin-impregnated

cement spacers [34, 38]. The precise mechanism leading to

the cause of transient renal dysfunction is unclear, but

potential causes may be included altered pharmacokinetics

caused by the combination of antibiotics [34, 38]. Conse-

quently, a risk of routine vancomycin administration in

patients undergoing elective primary THA or TKA is the

development of postoperative AKI.

Vancomycin and cefazolin was also associated with an

increased severity of AKI compared with patients receiving

cefazolin alone. Our results are consistent with other pre-

viously published reports on this subject [4, 30, 38] finding

an increase in postoperative kidney injury with multiple

antibiotic prophylaxis. Furthermore, our data also show the

effect that hip and knee arthroplasty can have on patients.

Blood loss, transient hypotension, and predisposing host

factors (ASA classification and preoperative renal disease)

can cause transient renal dysfunction even when vanco-

mycin is not used. The addition of nephrotoxic antibiotics

such as vancomycin or gentamycin can stress the patient

with borderline kidney functions and precipitate AKI

postoperatively [30]. Finally, we previously showed in this

series of patients that the addition of vancomycin to the

prophylactic antibiotic regimen does not decrease the rate

of SSI compared with cefazolin alone [36]. Others also have

shown no differences in infection rates using dual antibiotic

prophylaxis [33, 39]. Therefore, without clear evidence, the

superiority of dual-antibiotic prophylaxis in prevention of

infection, the use of dual antibiotics including vancomycin

should be carefully considered, weighing the potential

benefits of decreasing MRSA infection against the adverse

effects of renal toxicity and potential development of

resistant organisms. Because vancomycin prophylaxis is

recommended in patients who are at high risk for MRSA

infection, a preoperative screening and decolonization

program for MRSA before elective TKA and THA may

play a role in identifying these at-risk patients [1, 10].

We also found higher ASA classification and preoper-

ative kidney disease to be independent predictors of AKI

postoperatively consistent with prior literature, which

reports that medical comorbidities and preoperative kidney

Table 6. Univariate and multivariate logistic regression analysis of risk factors for AKI after primary hip and knee arthroplasty

Risk factor Univariate analysis Multivariate analysis

Odds ratio 95% confidence interval p value Odds ratio 95% confidence interval p value

Age (years) 1.01 1.00–1.02 0.048 1.01 0.99–1.02 0.368

Knee arthroplasty 1.03 0.76–1.38 0.871 1.23 0.84–1.80 0.278

EBL (per 100 mL) 1.03 1.00–1.07 0.087 1.04 0.99–1.09 0.184

Intraoperative fluids (per 100 mL) 1.02 1.00–1.03 0.056 1.02 0.99–1.04 0.149

ASA 1.75 1.33–2.29 \ 0.001 1.64 1.24–2.17 0.001

Dual antibiotic prophylaxis 1.71 1.89–2.47 0.003 1.82 1.25–2.64 0.002

Preoperative kidney disease 1.87 1.37–2.55 \ 0.001 1.81 1.30–2.52 0.001

AKI = acute kidney injury; EBL = estimated blood loss; ASA = American Society of Anesthesiologists.
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function can lead to kidney injury after orthopaedic surgery

[30]. Jafari et al. [18] found that preoperative kidney dis-

ease and medical comorbidities predisposed patients to

developing AKI after primary TJA. Kateros and colleagues

[20] analyzed 893 various surgical patients and reported

that 68 patients (8%) and 12 patients (1%) developed AKI

and chronic kidney disease, respectively. The authors went

on to report that in addition to preexisting kidney disease, a

history of diabetes mellitus, perioperative dehydration,

perioperative shock, administration of NSAIDs, and use of

nephrotoxic antibiotics are correlated with the development

of postoperatively renal dysfunction.

In summary, a dual antibiotic prophylactic regimen

including vancomycin for patients undergoing primary

THA or TKA was associated with increased rates of AKI

after surgery compared with patients receiving cefazolin

alone. The severity of AKI also was higher compared with

patients receiving a single antibiotic. Higher ASA and

preoperative kidney disease also predispose patients to

AKI. Consequently, without clear superiority of infection

prevention, routine use of vancomycin should be avoided.

Further prospective studies should look at the efficacy of

preoperative screening, decolonization, and selective use of

vancomycin in high-risk patients on the effect on SSIs after

THA or TKA.
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