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Abstract

Background Preoperative antibiotic prophylaxis remains

one of the most important strategies for prevention of

postoperative infection. In patients with penicillin allergy,

alternative medications such as vancomycin are often used

despite reduced antimicrobial coverage and recent litera-

ture questioning the efficacy of vancomycin monotherapy.

Questions/purposes (1) Are patients who receive van-

comycin alone for penicillin allergy at greater odds of

developing surgical site infection (SSI) as compared with

patients who receive cefazolin for prophylaxis before total

joint arthroplasty (TJA) without a patient-reported allergy?

(2) What organism profile is associated with vancomycin

monotherapy?

Methods We performed a retrospective study of 10,391

primary TJAs performed between 2005 and 2014 at two

institutions with a minimum of 1-year followup. Patients

reporting penicillin or cephalosporin allergy were elec-

tronically queried from the anesthesia note. The odds of

deep SSI and causative organisms were compared using

multivariate analysis between b-lactam-allergic patients

receiving vancomycin and nonallergic patients receiving

cefazolin.

Results After controlling for potential confounders,

including comorbidities, we found that vancomycin alone

did not affect the odds of deep SSI development (adjusted

odds ratio [OR], 0.98; 95% confidence interval [CI], 0.67–

1.43; p = 0.907). Although the overall odds of deep SSI

were not different for patients receiving vancomycin versus

cefazolin, we found that vancomycin was associated with a

reduced risk of infection with Gram-positive organisms

(adjusted OR, 0.25 [CI, 0.10–0.62]; p = 0.003) and

antibiotic-resistant organisms (adjusted OR, 0.10 [CI,

0.01–0.88]; p = 0.038). Vancomycin also demonstrated an

increased risk of Gram-negative infection in bivariate

analysis (OR, 2.42 [CI, 1.01–5.82]; p = 0.049) compared

to cefazolin.

Conclusions With the numbers available, vancomycin

alone during elective primary TJA does not seem to result

in a higher rate of subsequent deep SSI. However, patients

who received vancomycin alone demonstrated reduced

odds of Gram-positive organisms and methicillin-resistant

Staphylococcus aureus. Vancomycin monotherapy can be

used without increasing the risk of deep SSI; however, it

should only be used in patients who require vancomycin,

eg, anaphylactic reactions to penicillin resulting from the

potential for the emergence of organism resistance and

nephrotoxicity. Future studies are needed that use registry

and large database studies to refute or confirm the
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preliminary findings of this study and determine if van-

comycin monotherapy influences the risk of periprosthetic

joint infection.

Level of Evidence Level III, therapeutic study.

Introduction

Current guidelines recommend that a first- or second-gen-

eration cephalosporin (cefazolin or cefuroxime) be

primarily used because commensal Gram-positive bacteria

remain the most likely infecting organisms [1, 4, 9]. How-

ever, when patients have a penicillin or b-lactam allergy,

first- and second-generation cephalosporins often are

avoided because of fears of crossreactivity. Instead, van-

comycin and clindamycin are recommended alternatives,

especially in patients with severe allergy or true anaphy-

laxis. However, clindamycin alone is only bacteriostatic,

and vancomycin alone has reduced Gram-negative coverage

and may thus be associated with increased infection rates.

Although many studies have compared the efficacy of

vancomycin with cefazolin for preventing periprosthetic

joint infection (PJI), the results have been mixed with some

studies achieving excellent results with vancomycin alone

[11–13, 16], but a recent large study suggested that van-

comycin monotherapy is associated with increased risk of

infection compared with cefazolin [11].

We therefore asked: (1) Are patients who receive van-

comycin alone for penicillin allergy at greater odds of

developing deep surgical site infection (SSI) as compared

with nonallergic patients who receive cefazolin for prophy-

laxis before total joint arthroplasty (TJA)? (2)What organism

profile is associated with vancomycin monotherapy?

Patients and Methods

After institutional review board approval, a retrospective

multiinstitutional study was performed on primary TJAs

from January 2005 to November 2014 at two different

institutions. During the period in question, we used van-

comycin in patients with a reported allergy to penicillin or

a cephalosporin of any severity and other patients received

cephalosporins. Patients with unavailable antibiotic infor-

mation, on multiple antibiotics or antibiotics other than

cefazolin for nonallergic patients or vancomycin without a

patient-reported penicillin or cephalosporin allergy, or who

had less than 1 year of followup were excluded. Patients

who developed SSI were included in the analysis regardless

of whether the 1-year criteria were met (Table 1). Patients

with any allergy to a cephalosporin or any penicillin-con-

taining antibiotics who received vancomycin were placed

in the allergic cohort. From a total of 13,003 primary TJAs,

1132 TJAs did not have the minimum of 1-year followup

including 804 in the cefazolin cohort and 328 in the van-

comycin cohort, and 1480 TJAs were excluded for other

reasons. The final cohort thus consisted of 10,391 primary

TJAs, including 7734 primary TJAs for which cefazolin

was used in the nonallergic cohort and 2657 patients who

received vancomycin in the penicillin- or cephalosporin-

allergic cohort (Fig. 1). Patients who received simultane-

ous or staged bilateral were considered to have two TJAs.

Of the 10,391 TJAs, 53.8% (n = 5589) were TKAs. The

mean duration of followup was 39 months (range, 12–117

months) in the nonpenicillin-allergic group and 40 months

(range, 12–118 months) in the penicillin-allergic cohort

(p = 0.59).

Antibiotic Characteristics and Protocol

Collaboration of the two institutions involved in this study

resulted from identical protocols for administering van-

comycin in penicillin- and cephalosporin-allergic patients

regardless of the severity of the allergic reaction. In

patients without a contraindication to a cephalosporin or

penicillin allergy, cefazolin was administered preopera-

tively at a dose of 1 to 2 g intravenously before skin

incision based on the patient’s weight. In cases of renal

Table 1. Patient demographics.

Demographic Overall Vancomycin for b-lactam
allergy

(n = 2657)

Cefazolin with no b-lactam
allergy

(n = 7734)

p value

Age (years) (mean ± SD) 64 ± 11 65 ± 11 64 ± 11 \ 0.001

BMI (kg/m2) (mean ± SD) 30 ± 7 30 ± 7 30 ± 7 0.509

Charlson Comorbidity Index (mean ± SD) 3 ± 2 4 ± 2 3 ± 2 \ 0.001

Sex – – – –

Female 6541 (63%) 2657 (69%) 4716 (61%) \ 0.001

Joint – – – –

TKA 5589 (54%) 1434 (54%) 4155 (54%) 0.826

BMI = body mass index, SD = standard deviation, TKA = total knee arthroplasty.
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disease, doses were renally adjusted. In contrast, 1 g van-

comycin was administered to patients with an allergy to

penicillin or cephalosporin over 1 to 2 hours of infusion,

which was generally completed 1 hour before skin incision.

Routine testing for penicillin allergy or administration of

dual antibiotic coverage when using vancomycin was not

performed. Antibiotic cement was used at both institutions

for all TKAs, whereas all THAs were cementless.

Outcome Variables

The following variables were identified: perioperative

antibiotic used, joint involvement, patient allergies,

demographic information, and comorbidities, as assessed

by the Charlson Comorbidity Index [7]. Deep SSI was

initially assessed using International Classification of Dis-

eases, 9th Revision (996.6, 996.66, and 996.67) followed

by a manual review of the medical record to confirm that a

deep SSI was suspected and to obtain the causative

organism and date of infection. Deep SSI was defined as

infection relating to the TJA operation that involves deep

soft tissues (eg, fascial and muscle layers) of the incision.

All organism information was obtained from intraoperative

fluid and representative tissue culture results. Organisms

were subsequently categorized into the following cate-

gories: Gram-positive, Gram-negative, resistant organisms,

and culture-negative organisms, which is defined as an

inability to isolate the infecting organism. Resistant

organisms were defined as methicillin-resistant Staphylo-

coccus aureus (MRSA) and vancomycin-resistant

Enterococcus (VRE).

Statistical Analysis

Multiple logistic regression analysis was used to determine

the independent contribution of the antibiotic group on the

development of SSI. The multivariate analysis controlled

for the following factors: age, body mass index, institu-

tional site, gender, joint, year of surgery, and Charlson

Comorbidity Index. The predictive models were pruned

using the Akaike Information Criterion so that only vari-

ables associated with the outcome remained. A Fisher’s

exact test was also used to evaluate differences in the SSI

risk. All statistical analyses were performed using R 2.15.1

(R Foundation for Statistical Computing, Vienna, Austria)

using the RMS (regression modeling strategies) package

for logistic regression. An alpha level of 0.05 was used to

evaluate significance. Using a priori power analysis with

Fig. 1 Flow diagram shows the study cohorts with deep surgical site infection (SSI) organism comparisons. PCN = penicillin, OR = odds ratio,

PJI = periprosthetic joint infection, TJA = total joint arthroplasty.
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the observed proportions in this study and a power of 0.8, a

sample size of 164,432 (82,216 in each group) would be

needed.

Results

After controlling for potential confounders, including

comorbidities, we found that the use of vancomycin alone

did not affect the odds of deep SSI development (adjusted

odds ratio [OR], 0.98; 95% confidence interval [CI], 0.67–

1.43; p = 0.907; Table 2). In addition, when separated by

year intervals of surgery, there was no difference between

the two groups (Table 3).

Although the overall odds of deep SSI were not different

for patients receiving vancomycin versus cefazolin, mul-

tivariate analysis controlling for relevant confounding

variables demonstrated that vancomycin was associated

with a reduced risk of infection with Gram-positive

organisms (adjusted OR, 0.25 [CI, 0.10–0.62]; p = 0.003)

and antibiotic-resistant organisms (adjusted OR, 0.10 [CI,

0.01–0.88]; p = 0.038 (Table 4). There were no cases of

VRE in either cohort. Interestingly, the rate of culture-

negative deep SSI was not affected by the preoperative

antibiotic administered (adjusted OR, 1.27; 95% CI, 0.41–

3.91; p = 0.681). Although vancomycin did not demon-

strate an increased risk of Gram-negative infection in the

multivariate analysis (adjusted OR, 2.48; 95% CI, 0.82–

7.55; p = 0.108), the bivariate analysis demonstrated an

increased risk (OR, 2.42; 95% CI, 1.01–5.82; p = 0.049;

Table 4).

Discussion

Currently, the American Academy of Orthopaedic Sur-

geons recommends vancomycin as antibiotic prophylaxis

for patients with a b-lactam allergy or known colonization

with MRSA, at facilities with recent MRSA outbreaks, or a

MRSA prevalence of 10% to 20% [1]. b-lactam allergy is

very common, and vancomycin or clindamycin is fre-

quently substituted for cefazolin in these patients.

However, there have been increasing concerns that the use

of vancomycin as the sole agent may not be as effective as

currently approved cephalosporins as a result of its nar-

rower coverage [11, 16]. Thus, we aimed to better elucidate

Table 2. Multivariate and bivariate analysis for vancomycin alone.

Parameter Infected

(n = 200)

Not infected

(n = 10,191)

Odds ratio (95% CI) p value Adjusted odds ratio (95% CI) p value

Vancomycin 48 (1.8%) 2609 (98%) 0.92 [0.66–1.27] 0.607 0.98 (0.67–1.43) 0.907

CI = confidence interval.

Table 3. Bivariate analysis for vancomycin by year interval.

Year interval PJI risk of vancomycin PJI risk of cefazolin Odds ratio (95% CI) p value

2005–2008 2.2% (19/866) 1.8% (35/1950) 1.23 (0.70–2.16) 0.477

2009–2011 1.7% (16/925) 2.9% (72/2517) 0.60 (0.35–1.03) 0.065

2012–2014 1.5% (13/866) 1.4% (45/3267) 1.09 (0.59–2.03) 0.783

PJI = periprosthetic joint infection, CI = confidence interval.

Table 4. Multivariate and bivariate analysis for the infecting organism.

Parameter Vancomycin

(n = 48)

Cefazolin

(n = 152)

Odds ratio (95% CI) p value Adjusted odds ratio (95% CI) p value

Gram-positive 29 (60%) 124 (82%) 0.35 (0.17–0.70) 0.003 0.25 (0.10–0.62) 0.003

Gram-negative 10 (21%) 15 (10%) 2.42 (1.01–5.82) 0.049 2.48 (0.82–7.55) 0.108

Resistant 2 (4%) 26 (17%) 0.21 (0.05– 0.92) 0.039 0.10 (0.01–0.88) 0.038

Culture-negative 9 (19%) 16 (11%) 1.96 (0.80–4.78) 0.138 1.27 (0.41–3.91) 0.681

CI = confidence interval.
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differences in the risk of deep SSI and the organism profile

of penicillin- or cephalosporin-allergic patients receiving

vancomycin compared with nonallergic patients who

received cefazolin.

This study had a number of limitations. First, the lack of

difference in the present study is likely the result of the fact

that we were underpowered, because the power analysis

demonstrated that a sample size of 164,432 TJAs was

needed to demonstrate a difference in risk of deep SSI

between the two antibiotic groups. Second, deep SSI was

evaluated in this study as a surrogate for PJI, although PJI

has a more impactful endpoint. However, because deep SSI

was used rather than superficial SSI, superficial infections

such as cellulitis were excluded. Future studies with larger

sample sizes such as registry and database studies are

needed to refute or confirm the preliminary findings of this

study with respect to PJI rather than deep SSI. Third, dif-

ferences in the organism profile may be reflective of

different hospital antibiograms. Fourth, vancomycin was

administered to any patient with a b-lactam allergy

regardless of the severity of the reaction, which may rep-

resent a different population and result in different

outcomes from institutions that administer vancomycin

exclusively to patients with true anaphylaxis. Fifth, the

dose and timing of the antibiotic could not be obtained for

the cohort. This is especially important because 1 g van-

comycin is frequently given rather than adjusting the dose

by weight (15 mg/kg) [5]. Many patients may thus have

been underdosed, which unfortunately could not be as-

sessed. Sixth, as a result of the retrospective nature, it was

difficult to determine which patients received vancomycin

as a result of a history of MRSA or nasal colonization.

However, we tried to exclude these patients by excluding

non-b-lactam-allergic patients who received vancomycin.

Seventh, of the two institutions involve in the study, one

used a MRSA screening and decolonization protocol that

may have influenced the results of the study. In addition,

the rate of MRSA SSI was different between the two

institutions (11% versus 23%). These institutional differ-

ences were, at least in part, controlled for in the

multivariate analysis as we controlled for institutional site.

Eighth, like with any study on perioperative antibiotics,

attributing the perioperative antibiotic prophylaxis to the

development of deep SSI is difficult given the multifacto-

rial nature of deep SSI, and potential confounders may

exist despite our best efforts to control for them. Lastly,

deep SSI was the only endpoint studied and mortality and

other outcomes such as salvage procedures, although

interesting, were not explored.

Administering vancomycin alone was not associated

with a higher proportion of patients developing deep SSI.

Many prior studies have compared vancomycin with

cephalosporins and have demonstrated conflicting results

[11–13, 16]. These studies are rarely focused on the b-
lactam-allergic population and frequently represent the

outcomes of universally administering vancomycin. In a

series of 5,036 primary TJAs, Smith et al. [13] found that

transitioning from cefazolin to vancomycin resulted in a

significant reduction of PJI from 1% to 0.5% [13]. Tyl-

lianakis et al. [16] demonstrated no difference (six of 188

versus six of 120) in the SSI or PJI rate between those

receiving cefuroxime and vancomycin in a prospective

randomized trial in nonpenicillin-allergic patients. Sewick

et al. [12] evaluated the use of dual antibiotics (van-

comycin and cefazolin) with cefazolin monotherapy and

found no difference in the infection rate (1.1% versus

1.4%; p = 0.64). In contrast, Ponce et al. [11] revealed that

vancomycin (2.3%) demonstrated an approximately two

times higher rate of 30-day SSI than cefazolin (1.3%,

adjusted OR 1.73) and clindamycin (1.1%). Additionally, a

subanalysis of patients with penicillin allergy found that

the SSI rate was 2% in vancomycin alone compared with

1% in penicillin-allergic patients receiving clindamycin (p

= 0.18) and 1.3% in cefazolin patients. Unlike Ponce

et al.’s study, we could not demonstrate any difference in

the risk of penicillin-allergic patients despite controlling

for comorbidities and potential confounders.

Differences in the causative organisms between van-

comycin and cefazolin have been well documented. Smith

et al. [13] found that vancomycin alone was associated

with reduced PJI with coagulase-negative Staphylococcus

(0.07% versus 0.54%, p = 0.001) and MRSA (0.07% versus

0.23%, p = 0.14) compared with cefazolin alone Similarly,

Sewick et al. [12] revealed that the rate of MRSA SSI was

10-fold more likely to occur in patients treated with cefa-

zolin alone compared with vancomycin and cefazolin.

Additionally, in a study of 885 patients undergoing cardiac

surgery, patients receiving vancomycin were more likely to

be infected with methicillin-sensitive S aureus, whereas

patients receiving cefazolin developed increased infection

with MRSA [8]. Although several studies, including the

present study, have demonstrated that MRSA is reduced in

patients with vancomycin, no studies to our knowledge

have observed a reduced rate of Gram-positive organism.

This finding can likely be explained by the narrower cov-

erage of vancomycin compared with cefazolin and is

important because infection with organisms other than

Gram-positives such as atypical organisms and Gram-

negative infection has been associated with poor treatment

outcomes [10, 17]. Because of the potential for narrower

coverage, another antibiotic can be added such as cefazolin

or teicoplanin, which is commonly done in Europe, or

monotherapy with antibiotics of broader coverage such as

aztreonam, levofloxacin, or clindamycin. Despite the

reduction in the rate of MRSA and the lack of VRE

observed in this study, vancomycin should be used with
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caution in penicillin-allergic patients as a result of the

potential for the emergence of organism resistance, most

notably VRE and vancomycin-resistant S aureus [6], and

its potential for nephrotoxicity. Thus, we encourage that

vancomycin be reserved for patients that require van-

comycin such as those with true anaphylaxis because the

relative risk of anaphylaxis to a cephalosporin is rare in

patient with a penicillin allergy history, ranging from one

in 1000 to one in 1,000,000 [2]. In addition, skin testing

can be a useful tool in distinguishing allergy and guiding

antibiotic selection. Although skin testing penicillin-aller-

gic patients cannot reliably predict an allergic response to

cephalosporins with dissimilar side chains such as cefa-

zolin, it can help identify whether a true allergy to

penicillin exists in patients with a reported hypersensitivity,

because a negative test result can reliably predict who can

receive the antibiotic [3, 9, 14, 15].

In summary, the administration of perioperative pro-

phylactic vancomycin alone during elective primary TJA

does not seem to result in a higher rate of subsequent deep

SSI with the numbers available. However, patients who

received vancomycin alone demonstrated reduced odds of

Gram-positive organisms and MRSA. Vancomycin

monotherapy can be used without increasing the risk of

SSI; however, it should only be used in patients who

require vancomycin, eg, anaphylactic reactions to peni-

cillin, or MRSA carriers resulting from the potential for

nephrotoxicity and the emergence of organism resistance.

Future studies are needed that use registry and large data-

base studies to refute or confirm the preliminary findings of

this study and determine if vancomycin monotherapy

influences the actual PJI risk.
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