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• Patient Related
– Age
– Diabetes
– Obesity
– Smoking
– Immunosuppression

• Organism
– Colonization
– Virulence
– Drug-Resistance
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• Peri-operative
– Hair removal
– Pre-op infections
– Surgical scrub
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– Antimicrobial 
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• Agent
• Timing

– Surgical skill
– Operative time
– OR traffic
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• Prolonged duration of hospitalization
– 7-10 additional days

• Increased costs
– Depends on type of procedure/SSI
– Range: $3,000-$29,000
– Up to $10 billion each year for US healthcare

• Kills patients
– 2-11-fold higher risk of death than uninfected 

surgical patients
– 77% of deaths among surgical patients with SSI

•• Prolonged duration of hospitalizationProlonged duration of hospitalization
–– 77--10 additional days10 additional days

•• Increased costsIncreased costs
–– Depends on type of procedure/SSIDepends on type of procedure/SSI
–– Range: $3,000Range: $3,000--$29,000$29,000
–– Up to $10 billion each year for US healthcareUp to $10 billion each year for US healthcare

•• Kills patientsKills patients
–– 22--1111--fold higher risk of death than uninfected fold higher risk of death than uninfected 

surgical patientssurgical patients
–– 77% of deaths among surgical patients with SSI77% of deaths among surgical patients with SSI

Kirkland et al. ICHE 1999;20:725-30.
Anderson et al. ICHE 2007; 28:767-773. 
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SSI due to MRSA is Common…SSI due to MRSA is CommonSSI due to MRSA is Common……

Hidron et al. ICHE 2008; 29:996-1011. 



…In ALL Locations……In ALL LocationsIn ALL Locations

Anderson et al. ICHE 2007; 28:1047-53



Specific Risk Factors - MRSA SSISpecific Risk Factors Specific Risk Factors -- MRSA SSIMRSA SSI

• Case-control study (n=77 patients)
– Post-operative risk factors included discharge 

to LTCF and post-operative antibiotics > 1 d

• Cohort study (n=35)
– Multiple operations, cancer, wound drains

• Study of MRSA mediastinitis (n=64)
– Diabetes, age>70

•• CaseCase--control study (n=77 patients)control study (n=77 patients)
–– PostPost--operative risk factors included discharge operative risk factors included discharge 

to LTCF and postto LTCF and post--operative antibiotics > 1 doperative antibiotics > 1 d

•• Cohort study (n=35)Cohort study (n=35)
–– Multiple operations, cancer, wound drainsMultiple operations, cancer, wound drains

•• Study of MRSA Study of MRSA mediastinitismediastinitis (n=64)(n=64)
–– Diabetes, age>70Diabetes, age>70

Manian et al. Clin Infect Dis 2003;36:863– 868.
Ross. Aust N Z J Surg 1985;55:13–17.

Dodds Ashley et al. Clin Infect Dis 2004;38:1555–1560.
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Outcomes due to MRSA SSIOutcomes due to MRSA SSIOutcomes due to MRSA SSI

• 3 studies compared MRSA v. MSSA SSI
– #1 – 15 MRSA v. 26 MSSA mediastinitis

• Mortality increased 4.6-fold
– #2 – 73 MRSA v. 145 MSSA mediastinitis

• Increased LOS and ventilation
• NOT independent risk factor for mortality

– #3 – 127 MRSA v. 173 MSSA – all procedures
• 3-fold higher mortality
• 3 additional days of hospitalization
• Additional $14,000 in charges

•• 3 studies compared MRSA v. MSSA SSI3 studies compared MRSA v. MSSA SSI
–– #1 #1 –– 15 MRSA v. 26 MSSA 15 MRSA v. 26 MSSA mediastinitismediastinitis

•• Mortality increased 4.6Mortality increased 4.6--foldfold

–– #2 #2 –– 73 MRSA v. 145 MSSA 73 MRSA v. 145 MSSA mediastinitismediastinitis
•• Increased LOS and ventilationIncreased LOS and ventilation
•• NOT independent risk factor for mortalityNOT independent risk factor for mortality

–– #3 #3 –– 127 MRSA v. 173 MSSA 127 MRSA v. 173 MSSA –– all proceduresall procedures
•• 33--fold higher mortalityfold higher mortality
•• 3 additional days of hospitalization3 additional days of hospitalization
•• Additional $14,000 in chargesAdditional $14,000 in charges

Mekontso-Dessap et al. (2001) Clin Infect Dis 32: 877–883.
Combes et al. (2004) Clin Infect Dis 38: 822–829. 

Engemann et al. (2003) Clin Infect Dis 36: 592–598.
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150 patients with MRSA SSI vs. 231 uninfected controls

Anderson et al. PLOS One; 4: e8305.
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Spoiler Alert: There are 
NO specific recommendations 

for prevention of MRSA SSI 
in published guidelines!!
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The BasicsThe BasicsThe Basics

• Perform surveillance for SSIs (A-II)
– Feedback
– Enhance with automated data collection

• Peri-operative antimicrobial prophylaxis 
(A-I)
– Agent
– Timing
– Discontinue within 24 hours

• Do not shave hair (A-II)

•• Perform surveillance for Perform surveillance for SSIsSSIs (A(A--II)II)
–– FeedbackFeedback
–– Enhance with automated data collectionEnhance with automated data collection

•• PeriPeri--operative antimicrobial prophylaxis operative antimicrobial prophylaxis 
(A(A--I)I)
–– AgentAgent
–– TimingTiming
–– Discontinue within 24 hoursDiscontinue within 24 hours

•• Do not shave hair (ADo not shave hair (A--II)II)



The BasicsThe BasicsThe Basics

• Control blood glucose during immediate 
post-operative period (A-I)
– Cardiac procedures

• Feedback data on process measures (A-III)
• Implement policies to reduce risk of SSI 

that are aligned with evidence-based 
standards (A-II)

•• Control blood glucose during immediate Control blood glucose during immediate 
postpost--operative period (Aoperative period (A--I)I)
–– Cardiac proceduresCardiac procedures

•• Feedback data on process measures (AFeedback data on process measures (A--III)III)
•• Implement policies to reduce risk of SSI Implement policies to reduce risk of SSI 

that are aligned with evidencethat are aligned with evidence--based based 
standards (Astandards (A--II)II)
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• Decolonization
– Issues include

• Method of surveillance
• Which patients?

• Change prophylaxis
– Issues include

• Problems with alternative agents
• Which patients?
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–– Issues includeIssues include
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•• Which patients?Which patients?
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Cares?
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Cares?Cares?

• Operative patients who are colonized 
with S. aureus/MRSA are 2-9 times more 
likely to develop SSI

• Infecting organism usually the same as 
organism colonizing patient in pre-
operative period

•• Operative patients who are colonized Operative patients who are colonized 
with with S. S. aureusaureus/MRSA are 2/MRSA are 2--9 times more 9 times more 
likely to develop SSIlikely to develop SSI

•• Infecting organism usually the same as Infecting organism usually the same as 
organism colonizing patient in preorganism colonizing patient in pre--
operative periodoperative period

Wenzel, J Hosp Infect, 1995
Shukla, A, JBJS Br, 2009



Methods for MRSA ScreeningMethods for MRSA ScreeningMethods for MRSA Screening

• Time required to detect MRSA in nasal 
swabs varies considerably based on 
methods used

• PCR vs. standard culture: faster, but more 
expensive 

•• Time required to detect MRSA in nasal Time required to detect MRSA in nasal 
swabs varies considerably based on swabs varies considerably based on 
methods usedmethods used

•• PCR vs. standard culture: faster, but more PCR vs. standard culture: faster, but more 
expensive expensive 

MethodMethod Time (hr)Time (hr)
Blood agar + Blood agar + SuscepSuscep testingtesting 4848--9696
MannitolMannitol salt/salt/oxaoxa plateplate 2424--4848

ChromogenicChromogenic mediamedia 2828--2424

PCRPCR << 22



Screening Does Nothing 
(without additional processes)
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(without additional processes)(without additional processes)

• Who performs tests?
• Who follows-up on results?
• What is done with results?
• Are test results available in time to act 

upon?
• What are consequences of process failure?

– ? Delay surgery
– ? Change prophylaxis 
– ? Litigation

•• Who performs tests?Who performs tests?
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•• What is done with results?What is done with results?
•• Are test results available in time to act Are test results available in time to act 

upon?upon?
•• What are consequences of process failure?What are consequences of process failure?

–– ? Delay surgery? Delay surgery
–– ? Change prophylaxis ? Change prophylaxis 
–– ? Litigation? Litigation



Different ApproachesDifferent ApproachesDifferent Approaches

• Can empirically decolonize, treat
– Decolonization for all preoperative patients

• Can “search and destroy” (for S. aureus
or MRSA)
– Screen for S. aureus/MRSA and 

decolonize/treat patients who are screen or 
culture-positive

•• Can empirically decolonize, treatCan empirically decolonize, treat
–– Decolonization for all preoperative patientsDecolonization for all preoperative patients

•• Can Can ““search and destroysearch and destroy”” (for (for S. S. aureusaureus
or MRSA)or MRSA)
–– Screen for S. Screen for S. aureusaureus/MRSA and /MRSA and 

decolonize/treat patients who are screen or decolonize/treat patients who are screen or 
cultureculture--positivepositive



DecolonizationDecolonizationDecolonization

• Mupirocin temporarily decolonizes many 
patients of S. aureus
– Colonization often returns, depending on 

level/number of additional co-morbidities

• “Standard” method: mupirocin applied to 
nares for 3-5 days prior to surgery

• ? Chlorhexidine gluconate (CHG) on skin
– Soap
– Wipes

•• MupirocinMupirocin temporarily decolonizes many temporarily decolonizes many 
patients of patients of S. S. aureusaureus
–– Colonization often returns, depending on Colonization often returns, depending on 

level/number of additional colevel/number of additional co--morbiditiesmorbidities

•• ““StandardStandard”” method: method: mupirocinmupirocin applied to applied to 
naresnares for 3for 3--5 days prior to surgery5 days prior to surgery

•• ? ? ChlorhexidineChlorhexidine gluconategluconate (CHG) on skin(CHG) on skin
–– SoapSoap
–– WipesWipes



Can Routine Decolonization 
Prevent SSI?
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• 4 RCTS compared mupirocin to placebo
• All showed essentially the same thing: 

– Rate of S. aureus nasal carriage decreased, but 
not real impact on SSI

• Largest included 4,000 surgical patients
– No effect on incidence of S. aureus SSI (~2.3% in 

each group)
– For patients with pre-operative colonization 

with S. aureus, decrease in risk for S. aureus SSI 
(3.7% vs. 5.9%, NS)

•• 4 RCTS compared 4 RCTS compared mupirocinmupirocin to placeboto placebo
•• All showed essentially the same thing: All showed essentially the same thing: 

–– Rate ofRate of S. S. aureusaureus nasal carriage decreased, but nasal carriage decreased, but 
not real impact on SSInot real impact on SSI

•• Largest included 4,000 surgical patientsLargest included 4,000 surgical patients
–– No effect on incidence ofNo effect on incidence of S. S. aureusaureus SSI (~2.3% in SSI (~2.3% in 

each group)each group)
–– For patients with preFor patients with pre--operative colonization operative colonization 

with with S. S. aureusaureus, decrease in risk for , decrease in risk for S. S. aureusaureus SSI SSI 
(3.7% vs. 5.9%, NS)(3.7% vs. 5.9%, NS)

Perl et al. NEJM 2002; 346:1871–7.
Kalmeijer et al. CID 2002; 35:353–8.

Garcia et al. Biomedica 2003; 23:173–9.
Konvalinka et al. J Hosp Infect 2006; 64:162–8.
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• Systematic review of 4 RCTs
– Analyzed patients with S. aureus colonization 

only

•• Systematic review of 4 Systematic review of 4 RCTsRCTs
–– Analyzed patients with Analyzed patients with S. S. aureusaureus colonization colonization 

onlyonly

van Rijen et al. J Antimicrob Chemother 2008; 61:254-61
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Can Can RoutineRoutine Decolonization Decolonization 
Prevent SSI?Prevent SSI?

• Systematic review and meta-analysis 
– 3 RCTs
– 4 “before-after” studies

• Correlation depended on type of surgery and 
type of study
– No effect in RCTs
– In observational studies, appeared to be some 

benefit when used in non-general surgical 
procedures

• 5,946 patients in 3 studies: RR=0.40 (0.29-0.56)

•• Systematic review and metaSystematic review and meta--analysis analysis 
–– 3 3 RCTsRCTs
–– 4 4 ““beforebefore--afterafter”” studiesstudies

•• Correlation depended on type of surgery and Correlation depended on type of surgery and 
type of studytype of study
–– No effect in No effect in RCTsRCTs
–– In observational studies, appeared to be some In observational studies, appeared to be some 

benefit when used in nonbenefit when used in non--general surgical general surgical 
proceduresprocedures

•• 5,946 patients in 3 studies: RR=0.40 (0.295,946 patients in 3 studies: RR=0.40 (0.29--0.56)0.56)

Kallen et al. ICHE 2005;26:91&92
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• Some more recent studies have demonstrated that 
screening for MRSA led to lower rates of MRSA SSI
– Most before-after, single-center experiences

• Cardiac surgery (n=1,462) 
– Decolonization and change prophylaxis
– MRSA SSI rate fell from 3.30% to 2.22% (RR=0.7, 95% CI 

0.06-0.95)
• SCIP procedures (n=5,094)

– Institution of broad screening program for MRSA
– Screen positive operative patients treated with mupirocin

+ CHG X 5 days
– Changes in pre-operative prophylaxis left up to the 

surgeon 

•• Some more recent studies have demonstrated that Some more recent studies have demonstrated that 
screening for MRSA led to lower rates of MRSA SSIscreening for MRSA led to lower rates of MRSA SSI
–– Most beforeMost before--after, singleafter, single--center experiencescenter experiences

•• Cardiac surgery (n=1,462) Cardiac surgery (n=1,462) 
–– Decolonization and change prophylaxisDecolonization and change prophylaxis
–– MRSA SSI rate fell from 3.30% to 2.22% (RR=0.7, 95% CI MRSA SSI rate fell from 3.30% to 2.22% (RR=0.7, 95% CI 

0.060.06--0.95)0.95)
•• SCIP procedures (n=5,094)SCIP procedures (n=5,094)

–– Institution of broad screening program for MRSAInstitution of broad screening program for MRSA
–– Screen positive operative patients treated with Screen positive operative patients treated with mupirocinmupirocin

+ CHG X 5 days+ CHG X 5 days
–– Changes in preChanges in pre--operative prophylaxis left up to the operative prophylaxis left up to the 

surgeon surgeon 

Jog et al. J Hosp Infect 2008; 69:124-130.
Pofahl et al. J Am Coll Surg. 2009;208
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Jog et al. J Hosp Infect 2008; 69:124-130.
Pofahl et al. J Am Coll Surg. 2009;208



Can Decolonization of Patients 
with S. aureus Prevent SSI?

Can Decolonization of Patients Can Decolonization of Patients 
with with S. S. aureusaureus Prevent SSI?Prevent SSI?

• Prospective, interventional cohort study 
of 20,000 surgical patients with crossover 
design comparing standard IC plus rapid 
screening for MRSA with standard IC 
methods alone.  

• Bottom line: Rates of MRSA infection did 
not change

•• Prospective, interventional cohort study Prospective, interventional cohort study 
of 20,000 surgical patients with crossover of 20,000 surgical patients with crossover 
design comparing standard IC plus rapid design comparing standard IC plus rapid 
screening for MRSA with standard IC screening for MRSA with standard IC 
methods alone.  methods alone.  

•• Bottom line: Rates of MRSA infection did Bottom line: Rates of MRSA infection did 
not changenot change

HarbathHarbath et al. JAMA 2008; 299: 1149et al. JAMA 2008; 299: 1149--1157.1157.
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HarbathHarbath et al. JAMA 2008; 299: 1149et al. JAMA 2008; 299: 1149--1157.1157.
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• Can’t be done in emergency settings
• Patients can be colonized in multiple, 

diverse anatomic sites (eg peri-rectal, IV 
sites, axilla)

• Mupirocin resistance is a concern
– With prolonged use, usually see emergence 

of mupirocin-resistant strains

• MRSA may be acquired AFTER surgery

•• CanCan’’t be done in emergency settingst be done in emergency settings
•• Patients can be colonized in multiple, Patients can be colonized in multiple, 

diverse anatomic sites (diverse anatomic sites (egeg periperi--rectal, IV rectal, IV 
sites, sites, axillaaxilla))

•• MupirocinMupirocin resistance is a concernresistance is a concern
–– With prolonged use, usually see emergence With prolonged use, usually see emergence 

of of mupirocinmupirocin--resistant strainsresistant strains

•• MRSA may be acquired AFTER surgeryMRSA may be acquired AFTER surgery

Miller et al. Infect Control Hosp Epidemiol.1996;17:811-813.



MRSA Screening CulturesMRSA Screening CulturesMRSA Screening Cultures

• Best method (where to culture?) is 
unclear

• Presence of skin lesions or chronic 
wounds is an important risk factor for 
MRSA colonization at the time of hospital 
admission

• Community-associated MRSA infections 
often present as skin and soft tissue 
infections
– Rarely isolated from nares cultures

•• Best method (where to culture?) is Best method (where to culture?) is 
unclearunclear

•• Presence of skin lesions or chronic Presence of skin lesions or chronic 
wounds is an important risk factor for wounds is an important risk factor for 
MRSA colonization at the time of hospital MRSA colonization at the time of hospital 
admissionadmission

•• CommunityCommunity--associated MRSA infections associated MRSA infections 
often present as skin and soft tissue often present as skin and soft tissue 
infectionsinfections
–– Rarely isolated from Rarely isolated from naresnares culturescultures

Papia G  ICHE 1999;20:473.
Lucet JC  Arch Intern Med  2003;163:181. Moran GJ et al.  N Engl J Med 2006;355:666.
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Percent of Patients Positive for Percent of Patients Positive for 
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Coello R et al.   Eur J Clin Microbiol Infect Dis 1994;13:74
Marshall C et al.  J Clin Microbiol 2007
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Change Prophylaxis?Change Prophylaxis?Change Prophylaxis?

• No current guidelines recommend routine use of vancomycin
(or other anti-MRSA agent) for peri-operative prophylaxis

• Specific scenarios where appropriate
– Proven outbreak of SSI due to MRSA
– Institutions with “high endemic rates” of SSI due to MRSA 
– Targeted high-risk patients who are at increased risk for SSI 

due to MRSA
• Disadvantages

– Vancomycin takes >1 hour to infuse
– Beta-lactams more active against susceptible gram-positive 

organisms
– Vancomycin has no activity against gram-negative organisms
– Wide spread use may lead to increased vancomycin resistance

•• No current guidelines recommend routine use of No current guidelines recommend routine use of vancomycinvancomycin
(or other anti(or other anti--MRSA agent) for MRSA agent) for periperi--operative prophylaxisoperative prophylaxis

•• Specific scenarios where appropriateSpecific scenarios where appropriate
–– Proven outbreak of SSI due to MRSAProven outbreak of SSI due to MRSA
–– Institutions with Institutions with ““high endemic rateshigh endemic rates”” of SSI due to MRSA of SSI due to MRSA 
–– Targeted highTargeted high--risk patients who are at increased risk for SSI risk patients who are at increased risk for SSI 

due to MRSAdue to MRSA
•• DisadvantagesDisadvantages

–– VancomycinVancomycin takes >1 hour to infusetakes >1 hour to infuse
–– BetaBeta--lactamslactams more active against susceptible grammore active against susceptible gram--positive positive 

organismsorganisms
–– VancomycinVancomycin has no activity against gramhas no activity against gram--negative organismsnegative organisms
–– Wide spread use may lead to increased Wide spread use may lead to increased vancomycinvancomycin resistanceresistance

Bratzler CID 2004.
Bolon. CID 2004;38:1357-63.
Dodds CID 2004;38:1555-60.



Prophylaxis with VancomycinProphylaxis with Prophylaxis with VancomycinVancomycin

• Most studies done in cardiac surgery
• Meta-analysis of 7 studies comparing 

vancomycin to cephalosporin
– No difference in overall rate of SSI
– Issue: studies were published before MRSA 

became such a big problem

•• Most studies done in cardiac surgeryMost studies done in cardiac surgery
•• MetaMeta--analysis of 7 studies comparing analysis of 7 studies comparing 

vancomycinvancomycin to cephalosporinto cephalosporin
–– No difference in overall rate of SSINo difference in overall rate of SSI
–– Issue: studies were published before MRSA Issue: studies were published before MRSA 

became such a big problembecame such a big problem

Bolon et al. Clin Infect Dis 2004; 38:1357-1363.
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Bolon et al. Clin Infect Dis 2004; 38:1357-1363.



Prophylaxis with VancomycinProphylaxis with Prophylaxis with VancomycinVancomycin

• More recent studies continue to provide 
conflicting results

• Garey et al: Before-after design
• Finkelstein et al: RCT of vanco vs. cefazolin

– No difference in rates of MRSA SSI but rate of 
MSSA higher with vancomycin (p=0.04)

• None have showed increase in gram-negative 
infections
– Our own data shows that there may be a trend

•• More recent studies continue to provide More recent studies continue to provide 
conflicting resultsconflicting results

•• GareyGarey et al: Beforeet al: Before--after designafter design
•• Finkelstein et al: RCT of Finkelstein et al: RCT of vancovanco vs. vs. cefazolincefazolin

–– No difference in rates of MRSA SSI but rate of No difference in rates of MRSA SSI but rate of 
MSSA higher with MSSA higher with vancomycinvancomycin (p=0.04)(p=0.04)

•• None have showed increase in gramNone have showed increase in gram--negative negative 
infectionsinfections
–– Our own data shows that there may be a trendOur own data shows that there may be a trend

Garey et al. AAC 2008;52:446
Finkelstein et al. J Thorac Cardiovasc Surg 2002;123:326.

Trinh et al. ICHE 2009; 30:440.



Vancomycin + Beta-lactam?VancomycinVancomycin + Beta+ Beta--lactamlactam??

• At Duke, program to decrease rates of 
mediastinitis due to MRSA
– Aggressive glucose control 
– Increased compliance with pre-operative 

antiseptic CHG shower
– Addition of vancomycin and rifampin to 

cefuroxime for antibiotic prophylaxis in “high 
risk patients”

• Before-after design
• Sustained decrease

•• At Duke, program to decrease rates of At Duke, program to decrease rates of 
mediastinitismediastinitis due to MRSAdue to MRSA
–– Aggressive glucose control Aggressive glucose control 
–– Increased compliance with preIncreased compliance with pre--operative operative 

antiseptic CHG showerantiseptic CHG shower
–– Addition of Addition of vancomycinvancomycin and and rifampinrifampin to to 

cefuroximecefuroxime for antibiotic prophylaxis in for antibiotic prophylaxis in ““high high 
risk patientsrisk patients””

•• BeforeBefore--after designafter design
•• Sustained decreaseSustained decrease

Engemann et al. IDSA 2005
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Engemann et al. IDSA 2005

Rate of SSI and MRSA SSI following CARD or CABG
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Take Home PointsTake Home PointsTake Home Points

• MRSA is the leading cause of SSI
– Leads to adverse outcomes
– Patients with decreased function appear to be at 

highest risk
• No well-proven interventions to specifically 

prevent MRSA exist
– “UNRESOLVED ISSUES”

• Make sure evidence-based measures are in 
place for SSI prevention before you target MRSA 
specifically
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Take Home PointsTake Home PointsTake Home Points

• Targeted efforts to screen, decolonize and/or 
broaden antibiotic prophylaxis are options
– But ALL remain controversial
– NO data to support general application of these 

methods
– Have process in place to manage results from 

screening tests BEFORE you start screening
• Make decisions based on local epidemiology:

– Know your rates and bugs
– Is MRSA a problem pathogen for SSI?

• If not, specific interventions might not be worth it
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