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Disclaimer – Caveat

“I DON’T HAVE ALL OF THE ANSWERS”

Surgical Site Infections Often Represent a 

Complex and Multifactorial Process - the 

Mechanistic Etiology or the Search for 

Resolution May be Quite Elusive – Therefore, 

Risk Reduction is an Evolutionary Process  



“Every operation is an

experiment in bacteriology”

Lord 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 

      Wiley AM, et al. Clin Orthop Relat Res 1979;139:150-155



Question #1

What is the Real Risk and Financial 

Implications of a Surgical Site Infection 

Across the Surgical Spectrum?



• Patient who smoked (7.4% vs 4.8%; 

p = 0.04) 

• Patients who abused alcohol (10.6% vs 

5.7%; p = 0.04)

• Patients with type 2 diabetics (8.8% vs 

5.5%; p = 0.046)

• Obese patients (11.7% vs 4.0%; p< 0.001)

• Surgical site infection rates higher when 

operative duration longer than 140 

minutes (7.5% vs 5.0%; p= 0.05) 

These risk factors were also associated with an 

increase in SSI rates as a compounded score 

(P < 0.001). 

• Patients with 1 or fewer risk factors 

(n = 427) - SSI rate of 2.3%

• Patients with 2 risk factors (n = 445) – SSI 

rate 5.2% 

• Patients with 3 factors (n = 384) had a 

7.8% SSI rate 

• Patients with 4 or more risk factors 

(n = 198) > 13.5%

Risk Stratification

JAMA Surg 2017;152:686-690



Estimated mean attributable cost of SSI 

treatment cited in the CDC guidelines ranges 

from $10,443 to $25,546 – However, is that 

data accurate?

Berríos-Torres SI, Umscheid CA, Bratzler DW, et al. Centers for Disease Control and 

Prevention Guideline for the Prevention of Surgical Site Infection, 2017 [published correction 

appears in JAMA Surg. 2017;152(8):784-791. doi:10.1001/jamasurg.2017.0904



Leaper et al. Dis Colon Rectum 2020;63:1628-1638

• Infection Rate (107,665  Colorectal 

Patients): 23.9%

• 50% of infections diagnosed at 3-25 days 

while 75% of infections diagnosed by/after 2 

months

• CDC-NHSN & ACS-NSQIP closes the books 

on colorectal surveillance at 30-days

We Are Missing 30-35% of Colorectal Infections 

Due To Our Current Surveillance Strategies





- 335,134 – TKR

- 14,488 – rTKR (revision)

- 163,547 – THR 

- 11,791 – rTHR (revision)

- TKR – 2.2% Infection rate

- rTKR – 15.6%   “          “

- THR – 2.1%      “       “

- rTHR – 8.6%     “       “

We found 34 comorbid risk factors

“..prevention is always better than the 

cost of resolving the problem.”

-

IBM MarketScan Analysis of 

498,681 Orthopedic Patients         
       2009 – 2015 Observational Cohort



Edmiston CE Jr, et al. Longitudinal Rates, Patient Risk Factors, and Economic Impact of Superficial and Deep Incisional Surgical Site 

Infection After Primary and Revision Total Hip Arthroplasty: A U.S. Retrospective Commercial Claims Database Analysis [published online 

ahead of print, 2023 Mar 20]. Surg Infect 2023;10.1089/sur.2022.376. doi:10.1089/sur.2022.376.

Edmiston CE, Spencer M, Gunja NJ, Holy CE, Ruppenkamp JW, Leaper DJ.  Longitudinal rates, risk factors, and costs of superficial and deep 

incisional  surgical site infection (SSI) after primary and revision total knee arthroplasty: a US retrospective claims database analysis. Online 

ahead of print: Online ahead of print: Infection Control and Hospital Epidemiology, 02 Feb 2023, :1-9 DOI: 10.1017/ice.2023.10



   

Edmiston et al. Surgery 2022;171(5):1320-1330

N = 149,869



Risk and Economic Burden
• A pevious meta-analysis of 27 studies (22,745 patients) the 

pooled incidence of SSI after spinal procedures was 3.1%, of 

which 1.4% were superficial SSIs and 1.7% were deep-

incisional SSIs. The financial has been previously reported to 

be as much as $25,962 per episode.

• A total of 210,019 patients undergoing SFSs between 2014 

and 2018 were included in the analysis.

• In total, 13,813 patients (6.6%) experienced an SSI, of which 

10,296 (4.9%) were deep-incisional SSIs and 3,517 (1.7%) 

were superficial incisional SSIs.

• Median postoperative time to infection was 44 day.

Edmiston et al. Infection Control and Hospital Epidemiology 2022;24:1-8



A More Than a Typical Scenario

High Risk Patient – Comorbid Risk: 

          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 = 4



Question #2

What Evidence Exist to Validate the 

Benefits of a Surgical Care Bundle?



Waits et al. Surgery 2014;155:602





Tanner J et al. Surgery 2015;158:66-77



Johnson et al. Obstet Gynecol 2016;127:1135-1144 Edmiston & Leaper 2022 Surg Infections



Question #3

What are the Mechanistic Benefits of the 

Elemental Components of an Effective 

Surgical Care Bundle?



Selecting An 

Evidence-Based 

(EB) Surgical Care 

Bundle



Evidence-Based Interventions Class Mechanistic Benefits

Normothermia   
1A

Less bleeding / preserve immune 

function in wound bed / enhanced 

wound healing

Perioperative antimicrobial prophylaxis – 

“Weight-based” 
1A

Tissue antisepsis / intraoperative 

conc > MIC90 wound pathogens

Glycemic control  
1A

Preserve granulocytic immune 

function / enhance wound healing

Antimicrobial (triclosan) coated sutures 

(fascia / subcuticular closure) 1A

Mitigate nidus of wound 

contamination / local tissue 

antisepsis / minimize the risk of 

biofilm formation

Preadmission CHG shower / cleansing 
High-1A 

Skin antisepsis / reduce skin 

bioburden

Perioperative skin-prep – 2% CHG / 70% 

alcohol 
1A

Skin antisepsis / reduce skin 

bioburden

Separate wound closure tray Moderate Mitigate instrument contamination

Glove change prior to fascia / subcuticular 

closure 
Moderate

Disrupt cross-contamination across 

tissue planes



Evidence-Based Interventions Class Mechanistic Benefits

Supplemental oxygen – Colorectal 
Moderate 

to High

Enhanced tissue oxygenation 

and immune function / host-

metabolic benefits

Oral antibiotics / Mechanical bowel prep – 

Colorectal 1A

Reduce microbiome bioburden 

(protease-producing bacteria) 

within the bowel lumen and on 

brush border surfaces

Wound edge protector – Colorectal, 

Vascular, OB/GYN
Moderate

Intraoperative wound antisepsis 

/ minimizing wound 

contamination

Staphylococcal decolonization – Orthopedic 

and CT 
1A

Mitigate S. aureus and MRSA 

wound contamination/ 

pathogenicity

Smoking cessation – Orthopedic, Neuro, 

CT - likely all surgical procedures

High to 

1A

Preserve angiogenesis /reduce 

risk of dehiscence / enhance 

wound healing

Intraoperative irrigation of the surgical 

wound with 0.05% chlorhexidine gluconate
Moderate

Mitigate wound contamination 

prior to closure 

OR traffic control – minimize door openings Low to Reduce OR air bioburden



The Patient’s Journey Through a Risk-

Filled Environment



Why Is Hypothermia So Bad?

Impairs wound healing 

Increases blood loss – impairs                      

coagulation and platelet function

Increases the demand for tissue 

oxygen consumption

Inhibits granulocytic cell function in 

tangent with T-cell function – 

Immune dysfunction

Increases risk of postop mortality 

in severely comorbid patients

Exacerbated by induction of 

anesthesia

So What Is This Big Deal About Normothermia?



J Perianesth Nurs 2017;32:199-209J Clinical Anesthesia 2016;34:282-289



Standardization of the Preadmission 

Shower/Cleansing Strategy

• Scalp 6.0 Log10 cfu/cm2

• Axilla 5.5 Log10 cfu/cm2

• Abdomen 4.3 Log10 cfu/cm2

• Forearm 4.0 Log10 cfu/cm2

• Breast  6.0-9.0 Log10 cfu/cm2

• Hands 4.0-6.6 Log10 cfu/cm2

• Perineum  7.0-11.0 Log10 cfu/cm2

Surgical Microbiology Research Laboratory – Medical College of Wisconsin



Maximizing Skin Surface Concentrations of CHG: 

Embracing a Standardize Process Utilizing a

Phamacokinetic Perspective (Dose, Timing, Duration)

• Dose - 4-ozs. for each shower

• Timing - 1-minute pause before

      rinsing (4% CHG)

• Duration - TWO SHOWERS 

(CLEANSINGS) – NIGHT 

BEFORE/MORNING OF SURGERY

• An SMS, text or voicemail reminder 

     to shower

• A standardized regimen – 

instructions – Oral and written

Remember the devil is always in the details

4% Aqueous CHG

Edmiston et al.  JAMA Surg 2015;150:

1027

CHG conc of approximately 

1000 µg/ml www.dhs.wisconsin.gov/publications

/p0/p00749.pdf







Are We Practicing Weight-Based Antimicrobial Prophylaxis?

“In obese patients, especially those who are morbidly obese, serum and 

tissue concentrations of some drugs may differ from those in normal-

weight patients because of pharmacokinetic alterations that depend on 

the lipophilicity of the drug and other factors.”

“Considering the low cost and favorable safety profile of cefazolin, 

increasing the dose to 2 g for patients weighing more than <120 kg and 

to 3 g for those weighing >120 kg can easily be justified.”

Bratzler et al., Clinical Practice Guidelines for Antimicrobial Prophylaxis in Surgery. 

Am Soc for Hosp Pharm 2013;70:195



Can a Sutures Really be a Nidus for Infection?

The Role of Triclosan(Coated/Impregnated) Sutures as an Evidence-

Based Strategy for Reducing the Risk of Surgical Site Infections



Elek SD, Cohen PE. Br J Exp Pathol 1957;38: 573–586

“The presence of a 

foreign body reaction 

in the form of sutures 

resulted in a 

dramatic reduction in 

the minimum 

inoculum required to 

produce pus 

(infection).”



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





Edmiston CE et al. J Wound Care 2016;25:693-702Edmiston CE et al. J Wound Care 2016;25:693-702



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) 

Infected Cases 

 Superficial SSI      Deep Incisional SSI

  (Subcuticular)    (Fascia/Organ Space)

 

Nylon a

Braided b

Monofilament c

SUTURES

Edmiston, Krepel, Marks, Rossi, Sanger, Goldblatt, Seabrook.  J Clin Microbiol 2013;51:417 



Edmiston et al. Surgery 2013;154;89-100 Wang et al. British J Surg 2013;100;465-473



What Do the Various Meta-Analyses Tell Us About 

Triclosan Suture as a Risk Reduction Strategy?

• 2013 - 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)

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

of SSI (p<0.001)

• 2013 - Edmiston et al. Surgery 2013;154:89-100: 13 RCT (3568 patients) – 27% to 

33% decrease in risk of SSI (p<0.005)

• 2014 - Daoud et al. Surg Infect 2014;15:165-181: 15 RCT (4800 patients) – 20% to 

50% decreased risk of SSI (p<0.001)

• 2015 - Apisarnthanarak et al. Infect Cont Hosp Epidemiol 2015;36:1-11: 29 studies 

(6,930 patients) – 26% reduction in SSI (p<0.01)

• 2016 - Guo et al. Surg Research  2016; doi:10.1016/j.jss.2015.10.015 – 13 RCT (5256 

patients) (risk ratio [RR] 0.76, 95% confidence interval [CI] 0.65e0.88, p < 0.001)

• 2017 – Wu et al. Eur J Clin Microbiol Infect Dis 2017;36:19-32: 13 RCT (5,346 

patients) (risk ratio [RR] 0.72,95% confidence interval [CI] 0.59-0.88, p<0.001)

• 2017 – De Jonge et al. BJS 2017;104:e118-e133: 21 RCT (6,462 patients) (risk ratio 

[RR] 28% reduction, 95% confidence ratio [CI] 0.60-0.88, p<0.001)

• 2019 – Ahmed I et al. BMJ 2019;9:029727; doi.10.1136/bml-open-2019-029727: 25 

RCT (11,957 patients) – Test of overall effect: Z = 5.2 (p<0.0001)

http://dx.doi.org/10.1016/j.jss.2015.10.015


Safety (>1 Billion strands)

• No MAUDE (FDA) reports (21 years) documenting significant evidence linking triclosan 

to adverse impact in surgical wounds; No evidence of pediatric toxicity, Renko M. et al. 

Lancet Infectious Disease 2017;17:50–57 (N~1600)/50% reduction); No evidence of 

chronic toxicity, carcinogenicity, reproductive toxicity, immunotoxicity, cytotoxicity or 

intracutaneous. reactivity Roidricks et al. Crit. Rev. Toxicol. 2010;40:422. doi: 

10.3109/10408441003667514.

Microbicidal Activity (Spectrum)

• Gram-positive and Gram-negative antimicrobial activity - No published studies have 

demonstrated that use of triclosan coated sutures are associated with the emergence 

of resistant surgical pathogens.

Evidence-based Clinical Effectiveness (Meta-Analysis)

• Currently 31RCT/Meta-Analysis (MA) in the peer-literature document clinical efficacy of 

triclosan (antimicrobial) suture technology.

Cost-Effectiveness

• Two recent studies, [Singh et al. Infect Control Hosp Epidemiol 2014;35:1013; Leaper 

and Edmiston. British Journal Surgery 2017;104:e134-e144] document that use of 

triclosan-coated sutures provides significant fiscal benefit to hospital, third party-payer 

and patient.

How Does One Evaluate An Antimicrobial Risk -

Reduction Technology – The Triclosan Suture Story?



Daoud, Edmiston, Leaper  - Surgical Infections 2014;15:165-181

Multiple Clinical Studies Have 

Documented That Triclosan-

Coated Sutures Provide A 

Significant SSI Risk Reduction 

For:

• Clean – Class I

• Clean-Contaminated – Class 

II

• And Contaminated Surgical 

Procedures – Class III

What about Class IV – Dirty 

surgical wounds?



Prospective, Observational Study 

of the Efficacy of Triclosan 

Coated/Impregnated Sutures Across 

the Surgical Spectrum

• 5081 patients included in the 

study: 2591 patients treated with 

non-antimicrobial sutures while 

2490 treated with triclosan 

antimicrobial sutures

• Use of antimicrobial sutures 

resulted in a 36% reduction in SSI 

compared to non antimicrobial 

closure technology (p<0.003) 

• A significant risk reduction was 

observed across the surgical 

spectrum including class IV (dirty) 

wounds (p=0.019)Bustamante-Montalvo M. et al. Infect Prev Pract 2022 

Mar;4:100192



A 22 Year Evidence-Based Journey - >15 National, International and Societal SSI 

Prevention Guidelines Recommend the Use of Triclosan Coated/Impregnated Sutures



Question #4

What are the Major Barriers in the 

Implementation of an Effective  

Surgical Care Bundle and Are We 

Compliant to Our Evidence-Based 

Practices?



Skin

Subcutaneous
Tissue

Deep Soft 
Tissue

(fascia & 
muscle)

Organ/

Space

Superficial 
Incisional 

SSI

Deep 
Incisional 

SSI

Organ/Space SSI

The Complexity of Risk – Major Barriers 

to Improving Surgical Patient Outcome

• Poor compliance – Complacency 

(laxity) and lack of documentation

• Lack of shared goals and priorities

• Poor communication – systemic 

disconnect

• Less than robust institutional 

commitment – Failure to 

standardized evidence-based 

initiative across the institution

“Remember when they say it is 

never about the money – It is always 

about the money” 



Leaper et al. Int Wound J. 2014 Feb 25. doi: 10.1111/iwj.12243

The Absolute Weakest Link



Online Surgical Infections 2023 Apr 5. doi: 10.1089/sur.2022.411

Colorectal Service

Compliance Rates

7 Bundled Components

Skin Antisepsis  96.6-100%

Prophylaxis  96.6-100%

Antimicrobial sutures 52.2-100%

Glycemic control 18.7-82%

Normothermia  12.5-61.7%

Mechanical Bowel 

Prep + Oral Abx  6.5-38.2%

Increased Oxygen 6.1-22%



Rubin, R. JAMA.COM – Online April 5, 2023

“Knowing what to do, 

does not ensure, 

doing what we know,”

“Implementation 

Science”– Closing 

the Gaps

 



Everyone Needs To Be In 

The Loop!



In Conclusion – What Have We Learned From Our Efforts to Improve 

Surgical Patient Outcomes Using Evidence-Based Practice?

• The efficacy of an evidence-based strategy to reduce the risk of SSI 

requires institutional compliance (quality) in which all healthcare 

professionals are engaged in the process and clear documentation of 

effort - The institution must have sufficient “skin in the game” 

• All co-morbid pre, intra and postoperative risk must be considered 

when developing an effective mitigation strategy

• The cost of mitigation is always minuscule compared to the human 

and fiscal cost of a surgical site infection – In the case of wound 

closure: > 31 RCT/M-A documented triclosan (coated/impregnated) 

sutures as an effective 1A evidence-based risk-reduction strategy

Remember, our current surveillance strategies may miss 30-

35% of postoperative infections – We can do better!



“SSI Prevention Is Not A Solo Recital But 

Rather A Symphony And Our Evidence-

Based Interventions Are All Part Of That 

Orchestra”

“So, When We Go Into The OR, Lets 

Make Some Beautiful Music”


	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9: - 335,134 – TKR - 14,488 – rTKR (revision) - 163,547 – THR  - 11,791 – rTHR (revision)  - TKR – 2.2% Infection rate - rTKR – 15.6%   “          “ - THR – 2.1%      “       “ - rTHR – 8.6%     “       “  We found 34 comorbid risk factors  “..preve
	Slide 10
	Slide 11:        
	Slide 12
	Slide 13: A More Than a Typical Scenario
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18
	Slide 19
	Slide 20: Selecting An Evidence-Based (EB) Surgical Care Bundle
	Slide 21
	Slide 22
	Slide 23
	Slide 24:   Why Is Hypothermia So Bad?  Impairs wound healing  Increases blood loss – impairs                      coagulation and platelet function Increases the demand for tissue oxygen consumption Inhibits granulocytic cell function in tangent with T-c
	Slide 25
	Slide 26: Standardization of the Preadmission Shower/Cleansing Strategy 
	Slide 27: Maximizing Skin Surface Concentrations of CHG: Embracing a Standardize Process Utilizing a Phamacokinetic Perspective (Dose, Timing, Duration)
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 39
	Slide 40
	Slide 41: Prospective, Observational Study  of the Efficacy of Triclosan Coated/Impregnated Sutures Across the Surgical Spectrum
	Slide 42
	Slide 43
	Slide 44
	Slide 45
	Slide 46
	Slide 47
	Slide 48
	Slide 49
	Slide 50

