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Abstract

Background The incidence of methicillin-resistant

Staphylococcus aureus (MRSA) infection is increasing.

However, the prevalence of MRSA colonization among

patients undergoing spine surgery is unclear.

Questions/purposes We therefore (1) determined the

prevalence of MRSA colonization in a population of

patients scheduled for elective spine surgery; and (2) eval-

uated whether MRSA screening and treatment reduce the

rate of early wound complications.

Methods We retrospectively reviewed prospectively col-

lected data from 1002 patients undergoing elective spine

surgery in 2010. There were 719 primary and 283 revision

surgeries. Instrumentation was used in 72.0% cases and

autologous iliac crest bone graft was taken in 65.1%.

Twelve patients were lost to followup; of the remaining

990 patients, 503 were screened for MRSA and 487 were

not. MRSA-colonized patients were treated with mupirocin

and chlorhexidine. An early wound complication was

defined as wound drainage or the presence of an abscess.

Patients were followed for a minimum of 3 months

(average, 7 months; range, 3–545 days).

Results Of the patients undergoing elective spine surgery

and screened for MRSA, 14 of 503 (2.8%) were colonized

with MRSA. The rates of early wound complications were

similar for patients who were screened and pretreated for

MRSA (17 of 503 [3.4%]) compared with those who were

not (17 of 487 [3.5%]).

Conclusions The colonization rate for MRSA in our

elective spine surgery population was comparable to that in

the arthroplasty literature.

Level of Evidence Level III, retrospective comparative

study. See the Guidelines for Authors for a complete

description of levels of evidence.

Introduction

Infections after elective spinal surgery can be devastating

for patients. More than 650,000 spinal surgeries are per-

formed annually in the United States and the reported rate

of infection after instrumented spinal surgery ranges from

0.2% to 4.7% with an average infection rate of 2% [6, 13,

17, 18, 20]. The most common organisms causing infec-

tions are Gram-positive organisms found on skin flora,

most notably Staphylococcus aureus and Staphylococcus

epidermidis [9]. Although methicillin-sensitive S aureus

(MSSA) is the predominant strain of S aureus infections,

there have been increasing rates of methicillin-resistant

S aureus (MRSA) infections [9]. MRSA nares colonization

correlates with an increased rate of MRSA infection and

bacteremia [7, 11, 19]. Thus, correctly diagnosing and
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treating MRSA colonization preoperatively is important.

This is also one of the priority topics for comparative

effectiveness research in the United States [2], in which the

effectiveness of screening, prophylaxis, and treatment for

MRSA eradication is being emphasized in the community,

institution, and hospital settings.

Intranasal swabs are reportedly effective for detecting

MRSA carriers [7]. One study [12] demonstrated that in an

elective arthroplasty population, treating MRSA-colonized

patients with intranasal mupirocin and topical chlorhexi-

dine reduces surgical site infections (SSIs). Because of the

substantial financial and emotional costs associated with

revision surgery secondary to infection, it is desirable to

investigate the efficacy of MRSA decolonization for

reducing the rate of SSI in elective spine cases. A 10%

reduction rate in revision spine surgery reportedly would

cover the cost of screening for MRSA and preoperatively

treating MRSA colonization [15]. Although Epstein [4]

encouraged the use of nasal cultures to detect MRSA, the

rates of MRSA colonization among patients undergoing

elective spine surgery are unclear.

We therefore (1) determined the prevalence of MRSA

colonization in a population of patients scheduled for

elective spine surgery; and (2) evaluated whether MRSA

screening and treatment could reduce the rate of early

wound complications in patients undergoing spine surgery.

Patients and Methods

We retrospectively analyzed prospectively collected data in

a cohort study from all 1002 patients undergoing elective

spine surgery in 2010. All procedures were performed at a

single institution and the study was conducted with Institu-

tional Review Board approval. We included patients if

surgery was performed for deformity and degenerative dis-

ease. Patients were excluded if they had anterior cervical

procedures, preexisting infection (discitis, osteomyelitis),

traumatic injuries, or were lost to followup. A power analysis

was conducted and sample size was determined by assuming

a Type I error rate set at 5% and the power of detecting a true

difference set at 80%. The calculation was adjusted based on

Bonferroni correction for two comparisons. Assuming that

outcome measurements could be obtained on all patients and

assuming that patients were equally allocated to each group,

there needed to be a minimum of 437 patients in each group

to detect a difference of a 2% reduction in early wound

complications between the two groups.

Of the 1002 patients identified, 12 were lost to followup,

which was determined by the patient’s last clinic visit or if

they had died. Patients who never appeared for a postop-

erative visit were considered lost to followup. Patients who

were screened for MRSA (503 patients) were compared

with those who were not screened for MRSA (487 patients)

(Fig. 1). Patients were randomly screened for MRSA if

they received preoperative medical testing within our

hospital, whereas those who were not screened for MRSA

received preoperative clearance from their primary care

physicians. There were 507 males (51.2%) and 483 females

(48.8%). The average age was 57.0 years ± 14.7 years and

BMI was 30.0 ± 6.4 kg/m2. Surgery was performed in the

cervical (255 [25.8%]), thoracic (26 [2.6%]), and lumbar

(709 [71.6%]) regions. There were 708 (71.5%) primary

and 282 (28.5%) revision surgeries. Instrumentation was

used in 710 (71.7%) cases and iliac crest bone graft (ICBG)

was taken in 644 (65.1%). The minimum followup was

3 days (average, 6.7 months; range, 3–545 days). No

patients were recalled specifically for this study; all data

were obtained from medical records.

Patients were screened for MRSA 2 to 6 weeks before

surgery, where an individual in the preoperative medical

clearance clinic swabbed one nares using an unmoistened

nasal swab (BBLTM CultureSwabTM Plus; BD Diagnostics,

Sparks, MD, USA). Each swab was inoculated onto

CHROMagar MRSA plates (BD Microbiology Systems,

Sparks, MD, USA) and incubated for 20 to 28 hours at 35

to 37�C. Cultures that grow on CHROMagar MRSA plates

were MRSA colonized. Negative cultures were further

incubated for 24 hours. After 48 hours, S aureus-positive

mauve cultures were verified by Gram stain and coagulase

Elective spine procedures 
(n=1002) 

No MRSA screening 
(n=495) 

MRSA screening 
(n = 507) 

MRSA screening 
(n = 503) 

No MRSA screening 
(n = 487) 

8 patients lost to follow-up 4 patients lost to follow-up 

Fig. 1 This study compared

patients who were screened and

treated for MRSA with those who

were not in an elective spine

surgery population.
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testing (Staphaurex; Remel, Lenexa, KS, USA). Those who

were colonized for MRSA were treated with intranasal

mupirocin twice a day for 5 days as well as chlorhexidine

body washes for 5 days before surgery (including the

morning of surgery).

We collected data including patient demographics, sur-

gical, and clinical parameters. Patient demographics

included age, gender, and BMI. Surgical data included the

location of surgery, primary versus revision surgery, the use

of instrumentation, and harvesting of autologous ICBG. The

two populations were similar with regard to age, gender,

and BMI (Table 1). Of the 503 patients screened for MRSA,

there were 252 (50.1%) males and 251 (49.9%) females.

The average age was 57.3 ± 14.0 years and average BMI

was 29.9 ± 6.7 kg/m2. For those not screened for MRSA,

there were 255 (52.4%) males and 232 (47.6%) females.

The average age was 56.9 ± 15.3 years at the time of

surgery, and the average BMI was 30.1 ± 6.1 kg/m2.

The populations were also similar with regard to the loca-

tion of surgery, primary versus revision surgery,

instrumentation, ICBG, the levels of fusion, and the pre-

operative antibiotic administered. The average time to

followup was longer in the MRSA screened population

(7.2 months) compared with the population not screened for

MRSA (6.2 months). All surgical techniques were standard

posterior midline approaches to the spine; there were no

unique approaches performed for the purpose of this study.

Once discharged, patients followed up in the clinic

2 weeks postoperatively, at 6 weeks, 3 months, 6 months,

and at 1 year. AP and lateral radiographs of the surgical

location were obtained at each postoperative visit. Ambu-

latory and neurological function was assessed at each clinic

visit as well as the presence of potential complications.

Major complications that resulted in long-term morbidity

(Grade IV) or required operative management (Grade III)

were assessed as well as minor complications (Grade I-II)

Table 1. Demographic, surgical, and clinical data from elective spine patients screened for MRSA compared with those not screened for MRSA

Data Total MRSA

screened

MRSA screened

95% CI

Not MRSA

screened

Not MRSA screened

95% CI

Number 990 503 (50.8%) (46.4%–55.2%) 487 (49.2%) (44.8%–53.6%)

Gender

Male 507 (51.2%) 252 (50.1%) (43.9%–56.3%) 255 (52.4%) (46.3%–58.5%)

Female 483 (48.8%) 251 (49.9%) (43.7%–56.1%) 232 (47.6%) (41.2%–54.0%)

Age (years) 57.0 ± 14.7 57.3 ± 14.0 (56.1–58.5) 56.9 ± 15.3 (55.5–58.3)

BMI (kg/m2) 30.0 ± 6.4 29.9 ± 6.7 (29.3–30.5) 30.1 ± 6.1 (29.6–30.6)

Location

Cervical 255 (25.8%) 145 (28.8%) (21.4%–36.2%) 110 (22.6%) (14.8%–30.4%)

Thoracic 26 (2.6%) 12 (2.4%) (�6.3% to 11.1%) 14 (2.9%) (�5.9% to 11.7%)

Lumbar 709 (71.6%) 346 (68.8%) (63.9%–73.7%) 363 (74.5%) (70.0%–79.0%)

Primary 708 (71.5%) 350 (69.6%) (64.8%–74.4%) 358 (73.5%) (68.9%–78.1%)

Revision 282 (28.5%) 153 (30.4%) (23.1%–37.7%) 129 (26.5%) (18.9%–34.1%)

Instrumentation 710 (71.7%) 374 (74.4%) (70.0%–78.8%) 336 (69.0%) (64.1%–73.9%)

Level of fusion

2 or less 589 (59.5%) 308 (61.2%) (55.8%–66.6%) 281 (57.7%) (51.9%–63.5%)

3 or more 401 (40.5%) 195 (38.8%) (32.0%–45.6%) 206 (42.3%) (35.6%–49.0%)

Iliac crest bone autograft 644 (65.1%) 329 (65.4%) (60.3%–70.5%) 315 (64.7%) (59.4%–70.0%)

Time to followup (days) 201.5 (3–545) 215.3 (3–545) (206.0–224.6) 187.3 (5–537) (178.2–196.4)

Early wound complications 34 (3.4%) 17 (3.4%) (�5.2% to 12.0%) 17 (3.5%) (�5.2% to 12.2%)

Wound drainage 31 (3.1%) 14 (2.8%) (�5.8% to 11.4%) 17 (3.5%) (�5.2% to 12.2%)

Abscess 3 (0.3%) 3 (0.6%) (�8.1% to 9.3%) 0 (0%) (0%–0%)

Perioperative antibiotics

Cefazolin 878 (88.7%) 433 (86.1%) (82.8%–89.4%) 445 (91.4%) (88.8%–94.0%)

Clindamycin 35 (3.5%) 18 (3.6%) (�5.0% to 12.2%) 17 (3.5%) (�5.2% to 12.2%)

Vancomycin 73 (7.4%) 49 (9.7%) (1.4%–18.0%) 24 (4.9%) (�3.7% to 13.5%)

Ciprofloxacin 1 (0.1%) 1 (0.2%) (�8.6% to 9.0%) 0 (0%) (0%–0%)

Ceftriaxone 2 (0.2%) 2 (0.4%) (�8.3% to 9.1%) 0 (0%) (0%–0%)

CI = confidence interval, MRSA = methicillin-resistant Staphylococcus aureus; BMI = body mass index.
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[3, 14]. We focused on early wound complications

(Grade III), which were defined as wounds with continuous

drainage or the presence of an abscess. All patients deter-

mined to have early wound complications were irrigated

and débrided in the operating room. Serological examina-

tions for erythrocyte sedimentation rate (ESR) and

C-reactive protein (CRP) were obtained from these

patients. The average ESR was 56.0 ± 32.0 mm/hr

(normal value, 0–40 mm/hour) and the average CRP was

8.7 ± 9.5 mg/dL (normal, 0–0.7 mg/dL).

Descriptive statistics were calculated on the demographic,

surgical, and clinical variables described previously. The

prevalence of MRSA colonization in an elective spine popu-

lation was determined by the frequency of MRSA-positive

patients within those screened for MRSA. We determined

differences in continuous demographic variables such as age,

BMI, and time to followup between those screened for MRSA

and those not screened for MRSA using the nonparametric

Mann-Whitney U test. The differences in nominal variables

such as gender, surgical variables, early wound complica-

tions, and perioperative antibiotic administration between

MRSA-screened and non-MRSA-screened patients were

determined using Fisher’s exact test. Ninety-five percent

confidence intervals were calculated and compared for over-

lap to determine if there were any differences between

populations. All statistical analysis was performed using

Predictive Analytics SoftWare Statistics (PASW) Version

18.0 (SPSS, Chicago, IL, USA).

Results

The MRSA colonization rate in our elective spine patients

screened for MRSA was 2.8% (14 of 503).

We identified a total of 34 wound complications for the

entire study population (3.1%) with similar rates

(p = 0.924) of infection between those screened for

MRSA (17 of 503 [3.4%]) and those not screened for

MRSA (17 of 487 [3.5%]) (Table 1). The infectious

organisms found in the early wound complications were

similar between those who were MRSA-screened and

treated and those who were not screened for MRSA

(Table 2). However, those who were tested and treated for

MRSA showed a trend (p = 0.118) toward fewer MRSA

wound complications (Fig. 2): one patient had a MRSA

wound complication in the population of patients screened

for MRSA compared with five patients who had MRSA

wound complications in the group not screened for MRSA.

The remaining infectious organisms included MSSA

(n = 9), coagulase-negative Staphylococcus (n = 4),

Escherichia coli (n = 6), Group G Streptococcus (n = 2),

E coli and Pseudomonas aeruginosa (n = 1), Acinetobacter

baumanii (n = 1), and Aspergillus fumigatus (n = 1).

Discussion

Infections in elective spinal surgery cases are devastating

complications. The average infection rate after instru-

mented spinal surgery is 2% [6, 13, 17, 18, 20] and an

increasing number of these are the result of MRSA spine

infections [9]. One study in elective arthroplasty popula-

tions [12] suggests screening and treating for MRSA and

MSSA is associated with decreased rates of SSIs. We asked

whether similar benefits would occur for patients under-

going elective spine surgery. Thus, the goals of our study

were to (1) determine the prevalence of MRSA coloniza-

tion in a population of patients scheduled for elective spine

surgery; and (2) evaluate whether MRSA screening and

treatment could reduce the rate of early wound complica-

tions in patients undergoing spine surgery.

There are several limitations to our study. First, patients

were only screened for MRSA and not MSSA. Because

Table 2. Organisms from early wound complications in elective

spine surgery patients

Culture results MRSA

screened

Not MRSA

screened

p value

Negative 4 1 0.374

MRSA 1 5 0.118

MSSA 4 5 0.749

CNS 3 1 0.624

Escherichia coli 2 4 0.445

E coli and Pseudomonas

aeruginosa

1 0 1.000

Group G Streptococcus 2 0 0.500

Acinetobacter baumanii 0 1 0.492

Aspergillus fumigatus 1 0 1.000

MRSA = methicillin-resistant Staphylococcus aureus; MSSA =

methicillin-sensitive S aureus; CNS = coagulase-negative Staphylococcus.

Fig. 2 The frequency of early wound complications resulting from

MRSA or MSSA was compared in patients who were screened and

treated for MRSA colonization with those who were not.
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there is a higher incidence of MSSA infections in ortho-

paedics [8], screening and treating MSSA-colonized

patients may have a greater effect in reducing the rate of

early wound complications. The rate of MRSA coloniza-

tion is low, so treating MRSA alone may explain why there

was no decrease in early wound complications in our

limited population. Second, only intranasal MRSA swabs

were obtained, which is the current standard of care. Future

studies will examine the efficacy of swabbing additional

sites. Third, the administration of swabs was not stan-

dardized. Only one nostril was swabbed and the swabs

were not moistened before administration. This may have

not captured all the patients who were MRSA-positive in

our population. Fourth, we had no method for monitoring

compliance to the treatment regimen of intranasal mup-

irocin and topical chlorhexidine in MRSA-colonized

patients. SSI rates may have remained equal to those not

screened and treated for MRSA if there was low patient

compliance. Fifth, we had no measure of medical status in

this study, including comorbidities and American Society

of Anesthesia scores. These factors, along with an immu-

nocompromised patient, affect the risk of SSI independently

from MRSA colonization. Finally, this was a small retro-

spective analysis that could have been improved with a

larger sample size and randomization of MRSA screening.

We found the MRSA colonization rate in an elective spine

surgery population was 2.8%. This rate is comparable to that

reported in the orthopaedic arthroplasty literature, which

ranges from 0.5% to 4% [1, 10, 12]. With the increasing

prevalence of MRSA, this number can be expected to rise

with time. Thus, it is encouraged to take measures before,

during, and after surgery to minimize the risk of surgical site

infections, including MRSA nares swab screening [4].

The purpose of undergoing MRSA screening is to

facilitate appropriate treatment of colonized patients with

intranasal mupirocin and topical chlorhexidine; such

treatment has demonstrated success in reducing the number

of SSIs and subsequently reduce patient morbidity and

hospital costs [10, 15, 16]. As a result of the limited fol-

lowup available for patients in our cohort, our study was

not able to address the rate of SSIs. At least one other study

has suggested that a reduction in the rate of SSIs is facil-

itated by MRSA screening and treatment [5]. Although our

study did not corroborate these findings irrefutably, closer

inspection of our data demonstrates a trend toward

decreased MRSA early wound complications in those

patients who were screened for MRSA colonization. This

trend may be of clinical importance, because decreasing

the rate of infections can inherently reduce the high mor-

bidity associated with infections. The demonstrated

benefits of screening and decolonization in other patient

populations, and a trend toward such outcomes in our own

data, suggest that a larger patient sampling with longer

followup may show that decolonization protocols do in fact

reduce the postoperative development of SSIs.

Our study represents an important step in the direction

of evaluating MRSA colonization in the elective spine

population with the hopes of reducing MRSA SSIs. Before

this study, the colonization rate for MRSA in an elective

spine surgery population had not been determined. We

found a rate of infection comparable to that for MRSA

colonization rates in the arthroplasty literature [12]. How-

ever, our data trend toward the reduction of MRSA early

wound complications in patients screened for MRSA,

indicating there may be clinical usefulness for MRSA

screening and treatment. Future prospective, randomized

controlled trials with larger sample sizes and longer fol-

lowup are necessary to evaluate the screening of both

MRSA and MSSA to determine if treatment can reduce the

rate of SSIs in patients undergoing spine surgery.
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