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Reducing the Risk of 

Surgical Site Infections: 

Improving Patients 

Outcomes through an 

Evidence-Based Pathway 

Items For Discussion Today 

• Complexity of Surgical Site Infections 

• Impact of Current Process (SCIP) Interventions 

• Reducing Risk through an Evidence-Based 

Perspective 

• Role of the Meta-Analysis in Validating 

Antimicrobial Closure 

• Choosing the Right Evidence-Based 

Interventions Across the Spectrum of Surgery 
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 Risk Reduction Requires an 

Understanding of the Mechanistic 

Factors which Potentiate the Risk of 

Infection in the Surgical Patient 

Population  

“Every operation is an  

experiment in bacteriology” 

Moynihan 

Br J Surgery 1920; 8 : 27-35 

“It’s all about the surgical wound”  

“….all surgical wounds are contaminated to some degree 

at closure – the primary determinant of whether the 

contamination is established as a clinical infection is host 

(wound) defense” 

  Belda et al., JAMA 2005;294:2035-2042 
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A Question of Definitions 

Ju MH et al. JAMA Surgery (online) November 26, 2014 

 The Complexity of Risk 
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A More Than  a Typical Scenario – What is 

the True Risk of Infection? 

High Risk Patient:  

          Immunosuppressive meds - RA 

             Diabetes 

             Advanced age 

             Prior surgery to same joint 

             Psoriasis 

             Malnourished  

   morbid obesity                                                                     
  sAlb<35 

                        low sTransferrin 

             Remote sites of infection 

             Smokers 

             ASA ≥3 

Risk is a Myriad of Events - SSI Fishbone Diagram 
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Evidence-Based Hierarchy 

Mitigating Risk - Surgical 

Care Improvement Project 

(SCIP) – An Evidence-Based 

“Bundle” Approach 

• Timely and appropriate 
antimicrobial prophylaxis  

• Glycemic control in cardiac 
and vascular surgery  

• Appropriate hair removal 

• Normothermia in general 
surgical patients 

Is this the Holy Grail? 
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An Increase in Compliance With the Surgical Care 
Improvement Project Measures Does Not Prevent Surgical 

Site Infection in Colorectal Surgery 

Pastor et al. Diseases of the Colon & Rectum 2010; 53:24-30 
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Embracing the Surgical Care Bundle – 

Selective Elements 

    

 Antimicrobial Prophylaxis – Weight-

Based Dosing 
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Percent Therapeutic Activity of Serum / Tissue Concentrations Compared 

to Surgical Isolate (2002-2004) Susceptibility to Cefazolin Following 2-gm 

Perioperative Dose 

Organisms    n Serum  Tissues 

Staphylococcus aureus   70  68.6%   27.1% 

Staphylococcus epidermidis        110  34.5%   10.9% 

E. coli     85  75.3%            56.4% 

Klebsiella pneumoniae  55   80%    65.4% 

Edmiston et al, Surgery 2004;136:738-747 

Perioperative Antimicrobial Prophylaxis in Higher BMI 

(>40) Patients: Do We Achieve Therapeutic Levels? 

Does BMI Increase Risk? 

Effect of Maternal Obesity on Tissue Concentration 

Of Prophylactic Cefazolin During Cesarean Delivery 

Pevzner L, Edmiston CE, et al. Obstet & Gynecol 2011;117:877-882  
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 All surgical patients will receive a 

minimum dose of 2 gram unless their BMI 

is >30 – Then the correct dose is 3 grams 

(1A pharmacologically – weight adjusted) 
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 Preadmission Showering/Cleansing 

Microbial Ecology of Skin Surface 

• Scalp  6.0 Log10 cfu/cm2 

• Axilla  5.5 Log10 cfu/cm2 

• Abdomen  4.3 Log10 cfu/cm2 

• Forearm 4.0 Log10 cfu/cm2 

• Hands 4.0-6.6 Log10 cfu/cm2 

• Perineum  7.0-11.0 Log10 cfu/cm2 

Surgical Microbiology Research Laboratory 2008 – Medical College of Wisconsin 
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CDC-HICPAC – March 2014 

Edmiston, Assadian, Spencer, Olmsted, Barnes, Leaper et al. AORN Journal 2015;101:239-238 
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Critiquing the Evidence for Both Cochrane and CDC 

Draft Recommendations – 7 Studies Cited  

• The seven studies as a collective group expressing a high-level of surgical 

heterogeneity (Class 1, 2 and 3).   

• In 4 of the studies, the patients showered once, in 2 studies patients showered or 

bathed twice and in one study, the patients showered a total of 3 times. 

• Inadequate postoperative SSI surveillance was noted in 5 of the 7 cited studies. 

• No written showering instructions or inadequate instructions were noted in 5 of the 7 

studies. 

• There was no evidence in any of the seven studies that an effort was made to 

measure patient compliance.   

• Only two studies used a standardized method for assessing postoperative wound 

infection. 

• Selective elements of operational bias were noted in 4 of the 7 studies. 

• Finally one study was conducted over an extended 6 year period (1978-1984) which 

may have impacted upon the continuity of patient selection and enrollment.  

What is the Evidence-Based 

Argument? 
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Mean Chlorhexidine Gluconate (CHG) Skin Surface 

Concentrations (µg/ml+SD) Compared to MIC90 (5 µg/ml) 

for Staphylococcal Surgical Isolates Including MRSAa 

                         Subgroups (mean C, µg/ml) 

                           Pilotb             1                     2               
Groups              (4%)    (4% Aqueous)   (2% Cloths)            [CCHG/MIC90]             p-value 
 
Group A (20)  

   evening (1X)  3.7+2.5       24.4+5.9       436.1+91.2           0.9      4.8      87.2         <0.001  

                   

Group B (20) 

   morning (1X)  7.8+5.6      79.2+26.5      991.3+58.2          1.9     15.8    198.2        <0.0001 

 

Group C (20) 

   both (2X)        9.9+7.1     126.4+19.4    1745.5+204.3       2.5     25.3     349.1       <0.0001 

a N = 90 
b Pilot group N = 30 

Edmiston et al, J Am Coll Surg 2008;207:233-239 

Edmiston et al, AORNJ 2010;92:509-518   

Measuring Patient Compliance 

• All patients undergoing elective surgical procedures take 2 CHG 

preadmission showers/cleansing 

• 100 random orthopaedic and general surgical patients queried as to 

whether or not they complied with preoperative instructions (2012) 

• 71 indicated that they had taken two showers/cleansing 

• 19 indicated that they took one shower (morning prior to admission 

15/19) 

• 10 indicated they did not use CHG at all 

• Reasons for non-compliance 

• Didn’t realize it was that important (institutional failure - communication) 

• Forgot (patient failure - low priority/apathy) 

• Thought  one shower would be sufficient (patient - institutional failure) 

Could an electronic alert system (SMS-texting) 

improve patient compliance? 
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Edmiston et al. J Am Coll Surg 2014;219:256-264 

Edmiston et al. J Am Coll Surg 2014;219:256-264 



15 

 Looking at the Preadmission Shower 

from a Pharmacokinetic Perspective 

 

Dose 

Duration 

Timing 

Comparison of Mean Chlorhexidine Gluconate Skin-

Surface Concentrations (µg/mL) of 4% Chlorhexidine 

Gluconate for Combined Anatomic Sites in Groups A 

(N=60) and B (N=60)a 
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Study Groups: 

p<0.001C 

  A1        A2       A3                       B1       B2        B3 

P<0.001d 

 (N=120)b  
Shower 2X  Shower 3X  

Edmiston et al. JAMA-Surgery August 29, 2015 
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To Maximize Skin Surface Concentrations of 

CHG – A Standardize Process Should Include: 
 

• An SMS, text or voicemail reminder to shower 

• A standardized regimen – instructions 

• TWO SHOWERS (CLEANSINGS) – NIGHT 

BEFORE/MORNING OF SURGERY 

• A 1-minute pause before rinsing (4% CHG) 

• A total volume of 4-ozs. for each shower 

 

    Remember the devil is always in the details 

Edmiston and Spencer AORN 2014;100:590-602 

AORNJ 2015;101;229 
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 Is There an Evidence-Based 

Rationale for Antimicrobial Wound 

Closure Technology as a Risk-

Reduction Strategy? 

Adherence of Methicillin-Resistant Staphylococcus 
aureus (MRSA) to Braided Suture 

Edmiston et al, Surgical Microbiology Research Laboratory, Milwaukee  – APIC 2004 
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Extrinsic Risk Factor: Bacterial Colonization 

of Implantable Devices 

• Sutures are foreign bodies –  As such can be colonized by Gram 

+/- bacteria 

• Implants provide nidus for bacterial adherence 

• Bacterial colonization can lead to biofilm formation 

• Biofilm formation enhances antimicrobial recalcitrance  
 

 
As little as 100 staphylococci can 

initiate a device-related infection 

Ward KH et al. J Med Microbiol. 1992;36: 406-413. 

Kathju S et al Surg infect. 2009;10:457-461 

Mangram AJ et al. Infect Control Hosp Epidemiol.1999;27:97-134

  Edmiston CE, Problems in General Surgery 1993;10: 444 

Edmiston CE, J Clinical Microbiology 2013;51:417 

 Presence of Biofilm on Selected Sutures from Non-infected and 

Infected Cases 
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anon-infected nylon suture segments were randomly selected for microscopy, culture positive 
binfected braided suture segments were randomly selected for microscopy 
cinfected monofilament suture segments were randomly selected for microscopy 

Non-Infected Cases 

Skin Sutures 

  

                Infected Cases  

 Superficial SSI     Deep Incisional SSI      

  

 Nylon a 

 Braided b 

 
 Monofilament c 

 

SUTURES 

    

Edmiston CE et al., J Clin Microbiol 2013;51:417  



19 

Staphylococcus epidermidis Incisional Wound Infection 

Surgical Microbiology Research Laboratory, Milwaukee - 2005  

Are Sutures Really a Nidus for Infection? 

J Am Coll Surg 2006;203:481-489 

Utilizing Innovative Impregnated Technology to Reduce the  

Risk of Surgical Site Infections 
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Mean Microbial Recovery from Standard Polyglactin 
Sutures Compared to Triclosan (Antimicrobial)-Coated 

Polyglactin Closure Devices 
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Edmiston et al,  J Am Coll Surg 2006;203:481-489 

  
 The Meta-Analysis – Tip of the 

Evidence-Base Pyramid  
A quantitative analysis to understand the net 

benefit of a clinical intervention 
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Edmiston et al., Surgery 2013;154;89-100 Wang et al., British J Surg 2013;100;465-473 

Daoud, Edmiston, Leaper  - Surgical Infections 2014: On Line 
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Daoud, Edmiston, Leaper  - Surgical Infections 2014: On Line 

Meta-Analysis of Risk Reduction by Wound Classification 
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What Do the Various Meta-Analyses Tell 

Us About Risk Reduction? 

 
• Wang et al, BJS 2013;100-465: 17 RCT (3720 patients) – 30% 

decrease in risk of SSI (p<0.001) 

• Edmiston et, Surgery 2013;154:89-100: 13 RCT (3568 

patients) – 27% to 33% decrease in risk of SSI (p<0.005) 

• Sajid et al, Gastroenterol Report 2013:42-50: 7 RCT (1631 

patients) – Odds of SSI 56% less in triclosan suture group 

compared to controls (p<0.04) 

• Daoud et al, Surg Infect 2014;15:165-181: 15 RCT (4800 

patients) – 20% to 50% decreased risk of SSI (p<0.001) 

• Apisarnthanarak et al. Infect Cont Hosp Epidemiol 

2015;36:1-11: 29 studies (11,900 patients) – 26% reduction in 

SSI (p<0.01) 
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We Cannot Forget the Environment 

of Care as an Etiologic Pathway to 

SSIs 

Pathogens Survival on Surfaces 
Organism Survival period 

Clostridium difficile  35- >200 days.2,7,8 

Methicillin resistant Staphylococcus aureus (MRSA) 14- >300 days.1,5,10, 12 

Vancomycin-resistant enterococcus (VRE)  58- >200 days.2,3,4 

Escherichia coli  >150- 480 days.7,9 

Acinetobacter 150- >300 days.7,11 

Klebsiella >10- 900 days.6,7 

Salmonella typhimurium  10 days- 4.2 years.7 

Mycobacterium tuberculosis  120 days.7 

Candida albicans  120 days.7 

Most viruses from the respiratory tract (eg: corona, 

coxsackie, influenza, SARS, rhino virus) 

Few days.7 

Viruses from the gastrointestinal tract (eg: astrovirus, HAV, 

polio- or rota virus) 

60- 90 days.7 

Blood-borne viruses (eg: HBV or HIV) >7 days.5 

1. Beard-Pegler et al. 1988.. J Med Microbiol. 26:251. 

2. BIOQUELL trials, unpublished data. 

3. Bonilla et al. 1996. Infect Cont Hosp Epidemiol. 17:770. 

4. Boyce. 2007. J Hosp Infect. 65:50. 

5. Duckworth and Jordens. 1990. J Med Microbiol. 32:195. 

6. French et al. 2004. ICAAC. 

7. Kramer et al. 2006. BMC Infect Dis. 6:130. 

8. Otter and French. 2009. J Clin Microbiol. 47:205. 

9. Smith et al. 1996. J Med. 27: 293-302.  

10. Wagenvoort et al. 2000. J Hosp Infect. 45:231.  

11. Wagenvoort and Joosten. 2002. J Hosp Infect. 52:226. 

12. Edmiston et al. 2004 Surgery 138:572.  
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What Constitutes the Ideal Surgical 

Care Bundle? 
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Waits et al, Surgery 2014;155:602 

Waits et al, Surgery 2014;155:602 
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PLoS One. 2013 Aug 13;8(8):e71566. doi: 10.1371 

Surgery 2015;158:66-77 
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` 

Surgery 2015;158:66-77 

Surgery 2015;157:66-77 
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Leaper et al. Int Wound J. 2014 Feb 25. doi: 10.1111/iwj.12243 

“The practice of evidence-based medicine means 

integrating individual clinical expertise with the 

best external evidence from systematic reviews.” 

 
Sackett et al. Evidence-based medicine: what it is and what it 

isn’t. BMJ 1996;312:71-72 



33 

    

 Caveat: Surgical Site Infections 

Often Represent a Complex and 

Multifactorial Process - the Mechanistic 

Etiology or the Search for Resolution 

May be Quite Elusive   


