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“Risk Reduction Requires an 

Understanding of the Mechanistic Factors 

which Potentiate the Risk of Infection in 

the Surgical Patient Population”  

Maki DG, Hospital Infections (3rd ed) 1992 p. 861 

Patient 

Factors 

Surgeon 

Technique 
Work Environmental Factors 

Pre-operative Factors Peri-operative Team Factors 
 

Organizational and Management Factors 
 

Care Delivery problems (CDPs) 

Risk is a Myriad Event - SSI 

Fishbone Diagram 

Lack of hand 

hygiene 

Patient body colonization 

Lack of traffic control – too 

many in room 

Improper surgical hand 

antisepsis 

Improper surgical 

attire 

MRSA or MSSA nasal 

colonization 

Infection at another site 

Obese 

Diabetic 

Smoker 

Immunosuppressive 

agents 

Unsterile instruments 

Contaminated environment 

Inadequate surgical 

prophylaxis 

Poor surgical technique 

Use of Drains 

Lack of re-dosing of 

antibiotic 

Lack of pre-op shower 

Financial constraints 

Poor leadership 

Poor communication 

among team 

Poor staff levels 

Workload and 

shift patterns 

Design, availability and maintenance 

of equipment 

Environment and physical plant 

problems (air handling system) 

Surgical irrigation 

Non-coated sutures 
Use of Staples or steri-strips 

Contamination of incision post-

op 

Inadequate staffing for post-op care 

Lack of discontinuation 

of antibiotics at 24 hrs 

Lack of foley catheter removal within 48 hrs 

Increase hospitalization days 

Contaminated environment 

Lack of hand hygiene 

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 
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“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 

Evidence-Based Hierarchy 

Mitigating Risk - Surgical 

Care Improvement Project 

(SCIP) – An Evidence-Based 

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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Dua, Desai, Edmiston and Lee: Submitted 2014 JAMA 

• 437,420 vascular 

procedures 

 

• Infection rate  - 1.5% 

 

• No significant 

difference pre and 

post-SCIP 
 

National Inpatient Sample – AHRQ 

 2000 – 2010 study period (1 year hiatus period – 2006) 

Dua, Desai, Edmiston and Lee: Submitted  2014 JAMA 

    
• No significant 

difference in 

morbidity or mortality 

 

•  No significant 

difference in LOS 

 

• Patient care costs 

for managing infected 

cases  have increased 

~ 60%  

Pre / Post-SCIP ERA 



5 

    

Embracing the Surgical Care 

Bundle – Selected Elements 

    

Antimicrobial Prophylaxis – 

Weight-Based Dosing 

 
Somewhere in Wisconsin - Patient’s Weight vs. 

Dose (N= 520 - pre-SCIP) 

14.9%

85.1%

52%48%

<70kg (n=63/130) 

>70kg (n=67/130)  

>70kg (dose not adjusted n=57/67) 

>70kg (dose adjusted n=10/67) 

Does BMI Increase Risk? 

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? 
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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  

Element 1 

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) 

Risk Reduction Begins on the Front End 
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7 Sentinel Studies? 

• No routine standard of practice 

• No evidence of patient compliance 

• Heterogeneous study population 

• Some individuals showered once, others 

multiple times 

 

Webster J, Osborne S. The Cochrane Collaboration. The Cochrane Library. 2009;4:1-34. 

Revisiting the Preadmission 

(Preoperative) Shower 

Study 1 Study 2 Study 3 Study 4 

Combined 

Results 
Meta-Analysis 

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   

What is the Evidence-Based 

Argument? 

Presurgical Skin Preparations as a Pathway  

to Improving Surgical Outcomes 

• Reducing the risk of SSI in orthopaedic surgery 

• Standardized precleansing initiative  in total joint patients (night 

before/morning of surgery)  

• SSI rate prior to intervention – 3.2% (N=727) 

• SSI rate post intervention – 1.6% (N=824)  50% reduction   p<0.01 

    Eiselt – Orthopaedic Nursing 2009;28:141-145 

• Bundling risk reduction strategies – Quality initiative 

• MRSA prescreening in orthopaedic, obstetric, bariatric patients – 

decolonization 

• Presurgical antisepsis prior to surgery 

• Preintervention SSI rate 1.6% (N=17/1,095) vs postintervention SSI rate 

0.57% (N=7/1,225 ) >60% reduction 

• MRSA SSI rate 0.73% vs 0.16% >75% reduction   p<0.01 

    Lipke  VL,  Hyott AS. AORNJ 2010’;62:288-296 
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Institutional Prescreening for Detection and CHG 

Eradication of Staphylococcus aureus in Patients 

Undergoing Elective Orthopaedic Surgery 

Kim DH, Spencer M, Davidson SM, et al. J Bone Joint Surg Am 2010;92:1820-1826 

Study Period 

6/2006-9/2007 

Control Period 

10/2005-6/2006 

p value 

N 7019 5293 

MRSA Infection 4 (0.06%) 10 (0.18%) 0.0315 

MSSA Infection 9 (0.13%) 14 (0.26%) 0.0937 

Total SSIs 13 (0.18%) 24 (0.46%) 0.0093 

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) 

 

 

Edmiston et al. J Am Coll Surg 2014: On Line Edmiston et al. J Am Coll Surg 2014: In Press 
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Edmiston et al. J Am Coll Surg 2014: In Press 

    

 Element 2 

All patients undergoing an elective 

surgical procedure will take a minimum of 

2 CHG antiseptic shower/cleansings using 

a standardized regimen – The CHG must 

be provided to the patient by the hospital 

and the protocol must be enhanced to 

assure patient compliance  (Remember the 

devil is in the details) 

DESIGN:  A PROSPECTIVE, RANDOMIZED, MULTICENTER   

  CLINICAL TRIAL OF 2% CHLORHEXIDINE GLUCONATE /  

  70% ISOPROPYL ALCOHOL (Alc-CHG) VS POVIDONE- 

  IODINE (PI) FOR PREVENTION OF SSI 

 Multi Center: Michael E. Debakey Veterans Affairs Medical Center,  Ben Taub General  

  Hospital, Houston, Veterans Affairs Medical Center, Boston, Medical College of 
  Wisconsin, Milwaukee, Veterans Affairs Medical Center, Atlanta, Baylor College 
  of Medicine, Houston 

• Patients > 18 years, undergoing clean-contaminated procedures 

(gastrointestinal, thoracic, urologic and gynecologic) 

• N = 849 surgical patients: 409 Alc-CHG vs 440 PI 

• 1:1 randomization 

• Patients monitored for 30 days post-op 

• Overall rate of SSI was significantly reduced in Alc-CHG vs PI groups: 9.5% 

vs 16.1%, p=0.004 

• Significant difference for both superficial incisional site rate: 4.2% A-CHG vs 

8.6% PI (p=0.008) and deep incisional: 1% A-CHG vs 3% PI (p=0.05) 

• No significant adverse events noted during the study in either group 

• Alc-CHG superior to PI in reducing the risk of SSI in clean-contaminated 

procedures 

New England Journal of  Medicine 2010;362:18-26   



10 

Why Should We Consider Chlorhexidine 

Gluconate (CHG)? 

• Persistent antimicrobial activity for up to 6 hours 1, 5, 6 

• Documented residual activity and repeat applications will maximize 
antimicrobial effect 2, 5, 6 

• Rapid bactericidal action 3, 5, 6 

• Has good to excellent activity against gram-positive and gram-
negative bacteria 4, 5, 6 

• CHG activity is not adversely impacted by either blood or tissue 
proteins 5, 6 

 

 1. Larson E. Am J Infect Control. 1988;16(6):253-65;  2. Paulson D, Am J Infect Control. 1993;21:205-9;  

3. Denton GW, Chlorhexidine. In Seymour S. Block (Ed.) Disinfection, sterilization, and preservation. 4th 
Ed., Lea & Febiger, Williams & Wilkins, Media PA, 1991:279;  4. Mangram AJ, et al., Guideline for 
prevention of surgical site infection, 1999. Centers for Disease Control and Prevention, Hospital Infection 
Control Practices Advisory Committee, Atlanta GA.; 5. Edmiston CE et al. Am J Infection Control 
2007;35:89.; Edmiston CE et al. Am J Infection Control 2013;41:S49-S55. 

Element 3 

 Alcohol/chlorhexidine gluconate 

represents the state-of-the-art skin 

antiseptic agent (1A) 

 
Note: Froedtert services using Alcohol/CHG for skin 

antisepsis: general, vascular, CT, orthopaedic, 

urology, neurosurgery, OB/GYN, hepatobiliary, solid 

organ transplant  

  

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 

  

                Infected Cases  

 Superficial SSI     Deep Incisional SSI      

  

 Nylon a 

 Braided b 

 
 Monofilament c 

 

SUTURES 

    

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

J Am Coll Surg 2006;203:481-489 

Utilizing Innovative Impregnated Technology to Reduce the  

Risk of Surgical Site Infections 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 
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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 Daoud, Edmiston, Leaper  - Surgical Infections 2014: On Line 

Meta-Analysis of Risk Reduction by Wound Classification 
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Element 4 

 Three prospectively planned meta-

analyses of randomized clinical trials 

(RCT) were performed on the use of 

suture containing triclosan to lower 

surgical site infection rates – The 

results of these analyses were deemed 

1a clinical evidence 

“It is not the air, it is something in the air”  

                         Lister 1861 

Building the Next Evidence-Based Initiative 

Epidemiology of Total Joint Infections 

“The personnel who enter the OR carry the bacteria”   
        
 

• Presence of OR personnel - increases shedding by a 
factor of 40X  

• 20% to 30% of all OR personnel – Staphylococcus aureus 
carriers 

• “High shedders” (>10,000 bacteria/min): 

             13% males 

                 5% postmenopausal females 

                 1% premenopausal females 

Ritter MS., Clin Orthop Relat Res. 1999;369:103-109.  

Edmiston et al. World J Surg 1990;14:176 



14 

1990;11:629-634 

Seabrook & Edmiston, Critical Care Infectious Diseases 2001; 875-888 

Staphylococcal Biofilm - Surgical Microbiology Research Laboratory 2006  -  Medical College of Wisconsin 

Impact of 0.05% CHG* Time-Kill Log Reduction – Selective 

Gram-Positive MDR Surgical Pathogens 

L
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0
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1 Minute 5 Minutes 

Vancomycin-resistant enterococci (VRE) 

Methicillin-resistant Staphylococcus aureus (MRSA) 

Methicillin-resistant Staphylococcus epidermidis (MRSE) 

Biofilm-forming S. aureus (MRSA) 

Post-Exposure 
* Irrisept 



15 

P
e
rc

e
n
t 
In

fe
c
te

d
 (

B
io

fi
lm

) 

 Saline         0.05% CHG* 

Impact of Intraoperative Saline and 0.05% CHG Irrigation 

on Resolution of MRSA Contaminated Polypropylene  

Mesh – Sprague-Dawley Animal Model 

8/8 

1/8 

6.3 Log10 cfu/cm 

2.6 Log10 cfu/cm 

7 days Post Challenge – 3.0 log10 CFU/mL 

(p<0.001) 

ACS 2013 
* Irrisept 

Chlorhexidine Gluconate (CHG) 

• CHG is a broad-spectrum biocide effective against Gram-positive 

bacteria, Gram-negative bacteria and fungi.1, 6 

• CHG inactivates microorganisms with a broader spectrum than 

other antimicrobials (e.g. antibiotics) - has a quicker kill rate than 

other antimicrobials (e.g. povidone-iodine, PI).2, 6 

• It has both bacteriostatic and bactericidal mechanisms of action - 

kills by destabilizing the cell membrane within 20-30 second of 

application.3, 4  

• Unlike PI, CHG is not affected by the presence of body fluids such 

as blood.5 

                  1. Edmiston et al. Am J Infect Control 2013;41:49 

                                                                 2. McDonnell et al. Clin Microbiol Rev 1999;12:147 

     3. Mangram et al.  Am J Infect Control 1999;27:97 

     4. Genuit et al. Surg Infect 2001;2:5 

     5. Lim et al. Anaesthesia  Intensive Care 2008;36:4 

     6. Barnes et al. Am J Infect Control 2014;42:525 

    

Element 5  

 Laboratory, animal and clinical 

experiences indicates that 0.05% CHG is 

effective and safe for intraoperative 

irrigation - The evidence-based picture is 

still evolving 

MRSA Surveillance and Decolonization 

How Common is the Practice? 

Surgical   Preop MRSA   Nasal Mupirocin   Preop CHG 

Service Surveillance (%) Decolonization (%)   Bathing(%) 

N = 342 

Ortho     100 (29.4)        68 (19.9)      109 (31.9) 

CT       85 (24.8)        92 (26.9)        91 (26.6) 

Implant      62 (18.1)         33 (9.7)         46 (13.5) 

Neuro        25 (7.3)         17 (5.0)          33 (9.7) 

Other Misc      38 (11.1)         26 (7.6)         47 (13.7)

    
Jarvis WR, et al. Am J  Infect Control 2012;40:194-200 
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Institutional Prescreening for Detection and Eradication of Methicillin Resistant 

Staphylococcus aureus in Patients Undergoing Elective Orthopaedic Surgery 

Kim DH, Spencer M, Davidson SM, et al. J Bone Joint Surg Am 2010;92:1820-1826 

Element 6: 

Preoperative surveillance for MRSA and 

MSSA is an effective SSI risk-reduction 

strategy for selective surgical 

procedures 

Thoughtful Approach to Adjunctive Risk 

Reduction:  6 Point Interventional Process (SCIP + 

nBest Practice) 

• MSSA & MRSA (selective) active surveillance - EB 

• CHG shower or cleansing – EB 

• CHG/Alc – Perioperative - EB 

• Augment (weight-based) antibiotic dosing – 2 to 3 

grams – EB 

• CHG intraoperative irrigation (0.05%) – TBD 

• Antimicrobial wound closure technology – EB 

 
 Improving Patient Outcome Requires  

Commitment & Innovation 

 

 Less We Forget Element # 7- A 

Safer Operating Room  

   • Traffic control, number staff in room 

• Air handling systems, filtration, grills 

• Room turnover and terminal cleaning 

• Instrument cleaning/sterilization process 

(SPD) 

• Storage of supplies, clean supply bins, carts, 

tables, stationary equipment 
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2014 CDC HICPAC SSI GUIDELINES 
“you have got to be kidding” 

Criteria    Core Measures    Arthroplasty 

    Questions 1-10       Questions 11-20 

Category 1A    7    2 

Category 1B    3    1 

Category 1C    0    0 

Category II    4    0 

No Recommendation/   15    11 

Unresolved Issue 

   Does Not Address: Active Staphylococcal Surveillance, Decolonization, Surgical Care 

Bundles 

Potential Impact: Reallocation of Resources  

Waits et al, Surgery 2014;155:602 

Tanner, Padley, Assadian, Kiernan, Leaper and Edmiston – In Press 2014: J Hosp Infect 
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Caveat: Surgical Site Infections 

Often Represent a Complex and 

Multifactorial Process - the 

Mechanistic Etiology or the Search 

for Resolution May be Quite Elusive   

Thank You 


