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A Three Part Scenario: Using 
Evidence-Based Guidance to 

Overcome Barriers in Our 
Effort to Reduce the Risk of 

Surgical Site Infections 

Part 1

Do We Truly Understand the Risk 

of an SSI in the Surgical Patient 

Population
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“Centuries of experience makes it clear that establishing 

the effectiveness of a clinical innovation is not sufficient to 

guarantee its uptake into routine use.”

Bauer and Kirchner, Psychiatry Research

Volume 283, January 2020, 112376

It’s all about the surgical wound and comorbid risk 

“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
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https://www.sciencedirect.com/journal/psychiatry-research
https://www.sciencedirect.com/journal/psychiatry-research/vol/283/suppl/C
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Long DR, et al. JAMA Surg. 2024;159:949-956

Long DR, et al. Sci Transl Med 2024 Apr 10;16(742):eadk8222

• Study results identify the patient microbiome 

as the primary reservoir for SSI.

• Most SSI isolates (59%) were resistant to 

the prophylactic antibiotic administered 

during surgery, and their resistance 

phenotypes correlated with the patient’s 

preoperative resistome (p=0.0002).

• These findings suggest that future efforts in 

infection prevention should enable, (1) 

more individualize and (2) patient-centered 

interventional strategies. 

• The anticipated global increase in 

colonization of healthy individuals with 

antimicrobial resistant organisms will be 

reflected in a rapidly changing microbial 

landscape within our hospitals and 

communities.

So, Where Do We Start?
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“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

What Do We Mean When We Talk 

About Risk?
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• 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

Three More Questions Worth Considering:

1. Does our 30-day (90-day with device) surveillance 

effectively capture the majority of SSIs?

2. What is the true cost of an SSI? The CDC 

estimates that the mean attributable cost 

associated with an SSI ranges from $10,443 to 

$25,546 – Are those numbers accurate?

3. What is the mechanistic basis of evidence-based 

interventions?
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
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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
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Assessment of Risk and Economic Burden of Surgical Site Infection Post- 

Hysterectomy Using a US Longitudinal Database. Edmiston CE, Bond-Smith G, 

Chitnis AS, Holy CE, Spencer M, Chen BPH, Leaper D. Surgery 2022;17:1320-1330

Risk and Economic Burden of Surgical Site Infection Following Spinal 

Fusion in Adults. Edmiston CE, Leaper DL, Chitnis AS, Holy CE, Chen BP. 

Infection Control and Hospital Epidemiology 2022;24:1-8

Deep

Superficial
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Longitudinal rates, risk factors, and cost of superficial and deep incisional surgical site 

infection (SSI) after primary and revision total hip arthroplasty: a US retrospective 

commercial claims database analysis. Edmiston CE, Spencer M, Gunja NJ, Holy CE, 

Ruppenkamp JW, Leaper DJ. Surg Infect 2023;24:366-375

These costs include the following:

 Direct costs (e.g., surgery, rehab, …)

 Indirect costs (e.g., lost wages, …)

Total Hip SSI in a 65-year-old female patient

 Two-stage revision for periprosthetic infection

  Initial costs $100,000 1,2

  Lifetime costs $390,8061

SSI in the U.S. contribute to 400,000 extra patient days. This costs 

$10 Billion per year3

The CDCs Historical Costs of an SSI 

Doesn’t Always Tell The Whole Story

1. Parisi, T.J., J.F. Konopka, and H.S. Bedair, What is the Long-term Economic Societal Effect of Periprosthetic Infections After THA? 

A Markov Analysis. Clinical Orthopaedics and Related Research, 2017. 475(7): p. 1891-1900.

2. Bozic, K.J. and M.D. Ries, The impact of infection after total hip arthroplasty on hospital and surgeon resource utilization. J Bone 

Joint Surg Am, 2005. 87(8): p. 1746-51.

3. WHO. Global guidelines for prevention of surgical site infections. Accessed at https://www.who.int/infection-

prevention/publications/ssi-guidelines/en/ on 11-6-19
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https://www.who.int/infection-prevention/publications/ssi-guidelines/en/
https://www.who.int/infection-prevention/publications/ssi-guidelines/en/
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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. Edmiston CE, Spencer M, Gunja NJ, Holy 

CE, Ruppenkamp JW, Leaper DJ. Infection Control and Hospital Epidemiology, 

2023;44:1587-1595 

Part 2

The Evidence-based Pathway to 

Improving Clinical Outcomes
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Borlaug G, Edmiston CE Jr. AORN J. 2018;107:570-578 www.dhs.wisconsin.gov/publications/p01715.pdf

Wisconsin DPH SSI Guidelines
Selective elements of the surgical care bundle from evidence-based literature

Appropriate antimicrobial prophylaxis Antimicrobial (triclosan) sutures

Weigh-based dosing Smoking cessation

Normothermia Staphylococcal surveillance 

(Cardiothoracic and orthopedic procedures)

Supplemental O2 

(Colorectal procedures)

Oral Antibiotics + mechanical bowel preparation 

(Colorectal procedures)

Appropriate hair removal Minimally invasive surgery

Use of wound edge protectors Short duration surgery

Dedicated wound closure tray for fascial and skin Glove change prior to fascial and skin closure

Preoperative 4% CHG shower or 2% CHG cleansing Limit traffic in the operating room

70% alcohol with 2% CHG perioperative skin preparation CHG cleansing of surgical wound

Keep sterile dressing intact for first 48 hours
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Why a Supplemental Guideline

The evidence on which the HICPAC SSI Prevention 

Guidelines are based is limited to randomized controlled 

trials published prior to 2015. The supplemental guidance 

document incorporates current evidence-based data from 

well-designed laboratory studies, prospective cohort 

clinical studies, case-control studies, randomized 

controlled trials, systematic reviews, and meta-analyses 

which are necessary to provide surgical teams with the 

most recent and relevant SSI prevention strategies 

available. This guidance is intended to enhance, not replace, 

the HICPAC SSI Prevention Guidelines. 
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Documentation of Evidence-base 

Interventions
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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 CE Jr, Lee CJ, Krepel CJ, et al. JAMA Surg. 

2015;150:1027-1033. CHG conc ≥1000 µg/ml

STANDARDIZATION OF THE 4% Chlorhexidine 

Gluconate (CHG) PREADMISSION SHOWER . 

www.dhs.wisconsin.gov/publications 

/p0/p00749.pdf. Published 2015. 
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Findings of this randomized 

clinical trial indicate that MOABP 

reduced overall postoperative 

complications as well as rates of 

SSIs and anastomotic

dehisences in patients 

undergoing elective rectal 

resection compared with MBP 

plus placebo. Based on these 

findings, MOABP should be 

considered as standard treatment 

in patients undergoing elective 

rectal resection.

Koskenvuo et al JAMA Surg 2024 - online

Edmiston et al. J Vascular Surgery 1990;11:629-634
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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 CE et al. J Wound Care 2016;25:693-702Edmiston CE et al. J Wound Care 2016;25:693-702
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Guideline 

Elements

WHO 2016 ACS 2016 CDC 2017 Wisconsin 2016 SHEA 2023

Normothermia Maintain normothermia Maintain normothermia Maintain normothermia Maintain normothermia - 

FAW reduces incidence of 

SSI

For procedures not requiring 

hypothermia, maintain 

normothermia (temperature > 

35.5°C) 

Wound Irrigation No recommendation Intraoperative irrigation 

recommended - povidone 

iodine

No recommendation Intraoperative irrigation 

recommended - CHG

Perform intraoperative 

antiseptic wound lavage.

Antimicrobial 

Prophylaxis

Short durational Short durational Short durational Short durational – Follow 

ASHP weight-based dosing

Administer antimicrobial 

prophylaxis according to 

evidence-based standards 

and guidelines

Glycemic Control Recommended Recommended Highly beneficial Highly beneficial 

HA1c <6.7

Control blood-glucose level 

during the immediate 

postoperative period for all 

patients.

Perioperative 

Oxygenation

Recommended Administer increased   FIO2  

during surgery after 

extubation, immediate 

postop period 

Recommended Recommended – Strongest 

evidence in colorectal 

surgery

Supplemental oxygen is most 

effective when combined 

with

additional strategies to 

improve tissue oxygenation

Preadmission Showers Advised patients to bathe or 

shower with soap

Advise patients to bathe or 

shower with soap or 

antiseptic agent –at least 

night before surgery

Advise patients to 

bathe/shower with CHG

Two standardized 

shower/cleansing with CHG 

4% or 2% CHG polyester 

cloths before/morning 

(surgery)

Adequate levels of CHG must 

be achieved and maintained

on the skin.

Antimicrobial Sutures Use antimicrobial sutures 

independent

of type of surgery

Consider use of triclosan-

coated sutures for prevention 

of SSI

Recommended for clean and 

clean-contaminated 

abdominal procedures

The use of triclosan sutures 

represents 1a clinical 

evidence

Use antiseptic-impregnated 

sutures as a strategy to 

prevent SSI.

Colorectal surgery: oral 

and mechanical bowel 

prep and wound 

protectors

Use preoperative oral 

antibiotics combined with 

mechanical bowel

preparation (MBP)

Use of wound protector (WP) 

devices in clean-

contaminated,

contaminated and dirty 

abdominal surgical 

procedure

Combination mechanical and 

antibiotic (po) preparation is

recommended for all elective 

colectomies.

Use of an impervious plastic 

wound protector can prevent 

SSI in open

abdominal surgery

No recommendation for 

either measure

Include preoperative oral 

antibiotics in combination 

with mechanical bowel 

preparations (OA-MBP) as a 

safe and effective adjunctive 

strategy for reducing the risk 

of infection following 

colorectal surgery.

Use wound edge protectors

Use a combination of 

parenteral and oral 

antimicrobial prophylaxis 

prior to elective colorectal 

surgery

Use impervious plastic 

wound protectors for 

gastrointestinal and biliary 

tract surgery

FOCAL Considerations Outside of NHSN Guidelines

Biofilm - mediated infections exhibit resistance to host defenses and often contribute to an 

excessive or inappropriate local inflammatory response. This leads to complement activation 

and formation of immune complexes, which in turn lead to tissue injury. Unfortunately, the 

incidence of biofilm- associated SSIs is likely to increase because of the expanding use of 

implanted medical devices.

Surgical Care Bundles have been documented to reduce the risk of SSIs and improve surgical 

outcomes, compliance shortcomings have been reported in the literature. These findings 

suggest that healthcare institutions are challenged to fully adopt standardized guidelines and 

should embrace an implementation science approach to ensure that all surgical patients are 

afforded the opportunity to receive the best possible evidence-based interventions to mitigate 

the risk of postoperative infection. 

The field of dissemination and implementation (D and I) science bridges the gap between 

public health, clinical research and evidence-based practice. D and I focuses on what helps 

and what hinders the uptake, effective implementation, and sustainability of evidence-based 

programs within the clinical practice environment.
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Evidence-Based Interventions
Class

Mechanism of Intervention

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 microbial 

skin bioburden

Perioperative skin-prep – 2% CHG / 70% 

alcohol 
1A

Skin antisepsis / reduce microbial 

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 fuction / host-

metabolic benefits

Oral antibiotics / Mechanical bowel prep – 

Colorectal 
1A

Reduce bioburden (protease-

producing bacteria) within bowel 

lumen and brush border surface

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 

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 

Moderate

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

The Absolute Weakest Link

Validating the Clinical Efficacy of 

Selective Interventions of the 

Surgical Care Bundle
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Waits et al. Surgery 2014;155:602 PASS_247197-230501

PASS_247197-230501
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Tanner J et al. Surgery 2015;158:66-77
PASS_247197-230501

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

PASS_247197-230501
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Tanner J et al. Surgery 2015;158:66-77

What Is The Cumulative Evidence That Surgical 

Care Bundles Reduce the Risk of  SSIs?

Avsar P, et al. The Impact of Care Bundles on the Incidence of Surgical Site Infections: A Systematic 

Review. Adv Skin Wound Care 2022;35:386–93
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Borlaug G, Edmiston CE Jr. Implementation of a Wisconsin Division of Public Health Surgical Site 

Infection Prevention Champion Initiative. AORN J. 2018;107:570-578. 

Is There An Ideal Surgical Care Bundle For Selective Surgical Procedures?

Baseline Evidence-Based Interventions – 

Designated High-1A* 
• Normothermia – 1A

• Perioperative antimicrobial prophylaxis – Weight-based – 1A

• Antimicrobial (triclosan) coated sutures (fascia / subcuticular closure) – 1A

• Preadmission CHG shower/cleansing – Standardized regimen – 1A

• Perioperative antisepsis – 2% CHG/ 70% alcohol – 1A

• Glycemic control – 1A

• Separate wound closure tray – Moderate

• Glove change prior to fascia/subcuticular closure – Moderate

• Smoking cessation – High

Inclusive Evidence-Based Intervention for 

Consideration in 2019*
• Supplemental oxygen – Colorectal – 1A

• Oral antibiotics / Mechanical bowel prep – Colorectal – 1A

• Wound edge protector – Colorectal – 1A

• Staphylococcal decolonization – Orthopedic / CT  - 1A 

• Irrigation with 0.05% CHG  - Moderate 

• OR traffic control – Device-related procedures – Low

Building an Effective Surgical Care Bundle

* Published level of evidence
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The investigators evaluated 99 

peer-reviewed clinical studies and 

found a significant inverse 

(negative) association between the 

number of evidence-based 

interventions and compliance to a 

surgical care bundle p<0.02). 

The Vulnerability of the 

Surgical Care Strategy: 

More Is Better, Right – Or 

Is Compliance Better?

Gilhooly D, et al. Implementation Science 2019;14:47

Selecting A 

Patient Centric 

Evidence-Based 

(EB) Surgical 

Care Bundle
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amd

Irani JL, et al. DCR 2023

Calderwood MS, et al Infect Control Hosp Epidemiol 2023 May;44(5):695-720
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“The Mother of all Surgical Care 

Bundles”
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Part 3

Surgical Stewardship (Champion) 

– How Does That Happen?
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Skin

Subcutaneous
Tissue

Deep Soft 
Tissue

(fascia & 
muscle)

Organ/

Space

Superficial 
Incisional 

SSI

Deep 
Incisional 

SSI

Organ/Space SSI

What Are The 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

  “When They Say It’s Never About 

the Money – It’s Always About The 

Money”

Defining Surgical Stewardship

Advocacy

Advocate for 
improvement

Provide 
reassurance

Education

Develop innovative 
education that will 

drive change

Implementing

Best / ideal 
practices

Evidenced-based 
practice

National / 
International 
guidelines

Measure

Results & 
outcomes

Publish

Share your results

Publish your results

Surgical Stewardship is focused upon the optimization of the patient's 

outcomes. This can be achieved through the adoption of a culture where 

optimal perioperative care and evidence-based practices are utilized –  

every day, everywhere, by everyone. 
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Rubin, R. JAMA.COM – Online April 5, 2023

“Knowing what 

to do, does not 

ensure, doing 

what we know,”
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Camperlengo L, Spencer M, Graves P, Danker W, Edmiston CE Jr. Effectiveness versus Uptake: The Challenges of Implementing 

Evidence-Based Strategies to Reduce Surgical Site Infection in Patients with Colon Surgeries. Surg Infect 2023 May;24(4):382-389
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A Collegial Partnership in an Evidence-Based Space to 

Improve Patient Outcomes

Pronovost PJ, et al. BMJ. 2008;337:963-965 

  Anderson DJ, et al, Infect Control Hosp Epidemiol. 2014;35:605-627

Begin the dialogue – How 

can we compliment

 each other?

Share the evidence 

supporting the 

benefits of innovative 

technology – 

publications, 

seminars,  etc.

Design an intervention

“toolkit” targeted at

barriers, standardization,

independent checks,

reminders, and

learning from mistakes

Regularly assess for 

performance measures 

and unintended 

consequences 
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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/MA documented triclosan (coated/impregnated) 

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

Poor Compliance Goes Hand-in-Hand With Insufficient  

Institutional Commitment

Remember - Regardless of What Kind Of 

Skin You Might Have In The Game - 

 The Patients Are Not There For Us – We 

Should Always Be There For The Patients
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Thank You
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