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• To describe several strategies to prevent SSI 
– Pre-operative 
– Intra-operative 
– Post-operative 

• To review the data behind these strategies 

Objectives 



• Grading systems used by the various societies differ 
and commonly the interpretation of the evidence 
varies.   

• We are not discussing the surgical prophylaxis 
guidelines in detail. 

Caveats 



 
 

• 1st or 2nd most frequent HAI ~ 22%; likely 
underreported by 50% 

• Most frequent HAI in surgical pts and 
complicate 1.9%-5% of procedures (~70% 
superficial, ~30% organ/space) 

• 5.6% in HK 
• Patients with SSI have a 2-11 times higher 

risk of death and 77% of deaths among 
patients with SSI are attributable to SSI 

 
 

Klevens R, et al.  Pub Health Rep 2007;122:160; Anderson D, et al ICHE 2008;29 (Suppl 1):S51 – 
3http://www.cdc.gov/ncidod/dhqp/pdf/Scott_CostPaper.pdf; Berrios-Torres et al JAMA Surgery 
2017;152:784-91; Lee et al. J Hosp Infect 2007:65(4):341-7. 

SSIs: Impact 



 
 

• ~8,000 deaths annually  due to SSI 
• Each SSI results in 7-10 additional patient 

hospital days 
• Cost (2007 US dollars): $11,874 to $34,670 per 

SSI (total = $3.45-$10 billion) 
• Costs can exceed $90,000 when the SSI involves 

a prosthetic joint replacement or an antimicrobial 
resistant organism 

Klevens R, et al.  Pub Health Rep 2007;122:160; Anderson D, et al ICHE 2008;29 (Suppl 1):S51 – 
3http://www.cdc.gov/ncidod/dhqp/pdf/Scott_CostPaper.pdf; Berrios-Torres et al JAMA Surgery 
2017;152:784-91 

SSIs: Impact 



Pathogenesis: Direct Innoculation 

       Host factors 
      Tissue  
      Disruption 
 
 
Incision             Infection 
      
    
              Microbial              Foreign  
       Contamination        Body 

Decreased PO2 in tissue 
Decreased oxidative killing of PMN’s 
(>300 mm Hg) 
 
Disruption of vascular supply leads 
to injury and thrombosis and tissue 
hypoxia (<30 mm Hg) 



Pathogenesis: Additional Possibility 

• Exogenous contamination during or after 
surgery possible 
 
– Ex: contamination with HCW’s flora 

(GABHS) 
– Ex: contaminated dressings, bandages, 

irrigants (rhizopus) 
 



Risk Factors for SSI:  A View Towards 
Prevention 

Endogenous  
Flora/ 

Microbial  
Factors 

Surgical/ 
Environmental 
Process of care  

Factors 

Host  
Factors 

•abdominal site 
•wound class 
•duration surgery 
•type of procedure           
•razor shaves 
•intraop contamin- 
•prophylactic abx 
•surgeon’s skill 
•surgical volume 
•multiple ORs 
•poor hemostasis 
•drains 
•dead space 
•temperature 
•perioperative O2 

 

•nasal/skin 
 carriage 
•virulence 
•adherence 

• age 
• morbid obesity 
• malnutrition 
• prolonged pre- 
•    op stay            
• infection at  
•    distal sites 
• cancer 
• immunosuppres. 
• ASA class 
• disease severity 
• diabetes (DM) 

 



Recent SSI Prevention 
Guidelines 



Worth Mentioning But More General 

Patient related—prior to surgery 
•Stop smoking – Category IA 
•Reduce Hgb A1c to less than 7 % - Category IA 
•Enhance nutritional support 
•Discontinue immunosuppressants 

 



Implement Glycemic Control 

• I-A recommendation 
 
 
 
 
 

 
 

 

Peri-operative 
glycemic control 

Control blood glucose levels < 200 mg/dL 
SHEA guideline recommend lower than 180 mg/dL 
and this be maintained for 18-24 hours.  The optimal 
hemoglobin A1C target has not been identified. 
 
CDC, SHEA, HK< APSIC 
WHO suggests use of protocols for intensive 
monitoring 



Diabetes, Glucose Control, and SSIs 
After Median Sternotomy 

Latham. ICHE 2001; 22: 607-12 

Similar findings with 
colorectal surgery, cardiac 
surgery, vascular surgery, 
general surgery, bariatric 
procedures, gynecologic 
oncology surgery, breast 

surgery, orthopedic surgery, 
trauma surgery 



Do Patients Get Hyperglycemic After 
Operations? 

• Hyperglycemia after cardiac 
operations  
 48% of diabetics 
 12% of nondiabetics 
 30% of all patients 

• 47% of hyperglycemic episodes were 
in nondiabetics 

Latham. Inf Cont Hosp Epidemiol. 2001;22:607 
Dellinger. Inf Cont Hosp Epidemiol. 2001;22:604 



Minimize Pre-operative LOS 

• I-A recommendation 
 
 
 
 
 

 
 

 

Minimize Pre-
operative stay 

 
HK 

Use a checklist 
based on the WHO 
checklist to enhance 
compliance with 
best practices 

WHO 19 item safety checklist 
 
 
 
SHEA 



Duration of Pre-operative Hospital Stay 

No. days hospitalized            Infection rate 
     pre-operatively         Cruse       NRC 
 
1 day             1.4%      6.0% 
1 week             2.1%      --- 
> 2 weeks                 3.4%     14.7% 
 
 
 
 
Cruse, SCNA 1980 
NRC, Ann Surg 1964 



Processes 

• I-A recommendation 
 
 
 
 
 

 
 

 

Perform surveillance 
for SSI 

High-volume, high-risk procedures 
Implement system to track data 
Identify trends and feedback data 
Use CDC/NHSN definitions or accepted methodology 
 
SHEA, APSIC, HK 

Use a checklist 
based on the WHO 
checklist to enhance 
compliance with 
best practices 

WHO 19 item safety checklist 
 
 
 
SHEA 



SSI Detection:  Validity of Data from One Hospital 

• Retrospective cohort: 1/1/2006-31/12/2009 
• 91,121 THR and 121,640 TKR were 

identified with SSI rates of 2.3% (2,214) and 
2.0% (2,465), respectively 

• 17% of SSI were missed if surveillance was 
limited to one hospital 

• Hospital ranking affected in 61% of cases 

Yokoe. CID 2013;34:1282-8. 



SSI detection:  Claims Data 

LeTourneau etal. ICHE 2013;34:1321-3. 



Do Intra-operative Checklists Work? 

Haynes et al NEJM 2009:360;491 

•Before (n=3733) and 
after (n=3955) 
evaluation of a 19 
element checklist  
•8 hospitals 
representing a variety of 
economic 
circumstances & diverse 
patient populations 
(WHO Safe Surgery 
Saves Lives Study 
Group). 
 



SSI Outcomes Before and After Checklist 
Implementation 

Haynes et al NEJM 2009:360;491 



Skin Antisepsis 

• I-B recommendation 
 
 
 
 
 

• I-A recommendation 
 

 
 

Pre-operative bathe 
or shower 

Night before   
The number of showers/bathes is an unresolved issue. 
WHO suggest that this is indicated but the level of 
evidence is moderate 
CDC-Category 1B; APSIC 

Surgical site skin 
preparation 

Intra-operative 
Other Skin prep with alcohol and iodine or CHG skin prep 
of operative site.   
CDC (Category 1A), SHEA, APSIC 
WHO, HK guideline preferentially recommends CHG + 
alcohol 



Pre-operative CHG bathing or showering 
with CHG vs placebo: SSI 

Webster J and Osborne S Cochrane Collaboration 2007 and 2008 



Are We Applying CHG Correctly? 4% 
vs. 2% Cloth 

Edmiston et al. J  Am Coll Surg 2008:207;233-6 

Group 1: morning cleansing 
Group 2: evening cleansing 
Group 3: both morning and  
evening cleansing 



Skin Antisepsis 

• No recommendation 
 
 
 
 

 
 

 

Repeat application 
of skin antiseptics  

Immediate application before wound closure 
CDC, APSIC, HK-No recommendation 



What About Hands 

• Strong recommendation (Category IB-II) 

Hand skin prep Hands should be scrubbed with antimicrobial soap 
and water or using a suitable alcohol based hand rub 
before donning gloves 
WHO, SHEA, HK, APSIC (IA) 

https://www.google.com/search?q=image+hands&tbm=isch&source=iu&ictx=1&fir=E2mZdZ0-vM2q7M%253A%252CiPanp6Id_ 
p5y0M%252C_&usg=__3YYXGCwTmpBcbgMIYHwknfAs3j8%3D&sa=X&ved=0ahUKEwjtpf-
WxajbAhVQRqwKHfXLATYQ9QEIK 
zAA#imgrc=_ 

https://www.google.com/search?q=image+hands&tbm=isch&source=iu&ictx=1&fir=E2mZdZ0-vM2q7M%3A%2CiPanp6Id_p5y0M%2C_&usg=__3YYXGCwTmpBcbgMIYHwknfAs3j8%3D&sa=X&ved=0ahUKEwjtpf-WxajbAhVQRqwKHfXLATYQ9QEIKzAA#imgrc=_
https://www.google.com/search?q=image+hands&tbm=isch&source=iu&ictx=1&fir=E2mZdZ0-vM2q7M%3A%2CiPanp6Id_p5y0M%2C_&usg=__3YYXGCwTmpBcbgMIYHwknfAs3j8%3D&sa=X&ved=0ahUKEwjtpf-WxajbAhVQRqwKHfXLATYQ9QEIKzAA#imgrc=_
https://www.google.com/search?q=image+hands&tbm=isch&source=iu&ictx=1&fir=E2mZdZ0-vM2q7M%3A%2CiPanp6Id_p5y0M%2C_&usg=__3YYXGCwTmpBcbgMIYHwknfAs3j8%3D&sa=X&ved=0ahUKEwjtpf-WxajbAhVQRqwKHfXLATYQ9QEIKzAA#imgrc=_
https://www.google.com/search?q=image+hands&tbm=isch&source=iu&ictx=1&fir=E2mZdZ0-vM2q7M%3A%2CiPanp6Id_p5y0M%2C_&usg=__3YYXGCwTmpBcbgMIYHwknfAs3j8%3D&sa=X&ved=0ahUKEwjtpf-WxajbAhVQRqwKHfXLATYQ9QEIKzAA#imgrc=_


What Did They Find? 

14 studies included; 4 RTC with SSI 
as an outcome, the remaining looked 

at CFU.  There is no firm evidence 
that one type of surgical hand scrub is 
superior to another; A 3 minute scrub 
reduces CFU’s more than a 2 minute 

scrub but not consistently and the 
evidence is low quality. 



S. aureus Decolonization 

• I-A recommendation 
 
 
 
 
 

 
 

 

Use mupirocin 
prophylaxis for 
certain pre-op  
patients colonized 
with S. aureus 

Cardiac surgery, orthopedic surgery and 
perhaps neurosurgery.  Data in other surgical 
procedures needs clarification. 
 
SHEA (II recommendation); APSIC (IIB and 
IA for cardiac and orthopedic procedures), 
HK (for MRSA). 
WHO guideline recommends for cardiac 
and orthopedic and only moderately 
recommends for other procedures with S. 
aureus carriers. 
 



• SSI  
– OR= 9.6, 95% CI 3.9–

23.7 
– Attributable risk = 86.3% 

• Harvest site SSI 
– RR= 7.12, 95% CI 2.22–

3.0 
– Attributable risk = 86% 
 
RR=relative risk; OR=odd’s 

ratio 

 

• Orthopedic SSI 
– RR= 8.9, P=0.002 

• SSI 
– RR= 4.5 (95 %CI 

2.47,8.21; P < 0.001) 

 

Kluytmans, et al JID 1995;171:216-19, Morales et al. ICAAC abstract 1994, Kalmeijer et al. ICHE 
2000;21:319, Perl et al NEJM 2002 

S. aureus Nasal Carriage and Attributable 
Risk of  SSI 



S. aureus Decolonization 

Perl et al, NEJM 2002; 346: 1871-7 



S. aureus 
Decolonization 
and CHG Baths 

 
Bode et al.,  
NEJM 2010; 362:9-16 2 



Does Nasal Decolonization Work in 
Surgical Patients? 

Schweizer et al. BMJ 2013; 346:f2743 

 
 
 
 
 
 
 
 
 

*Pooled Random Effects Odds Ratio (OR) 

# Studies OR* 
95% CI 

Nasal 
Decolonization 

Studies 
(No Bundle) 

No Bundle 
OR* 

95% CI 

Cardiac 
Studies 

11 0.58  
(0.45, 0.77) 

6 0.64  
(0.45, 0.92) 

Orthopedic 
Studies 

9 0.46  
(0.33, 0.63) 

4 0.50  
(0.29, 0.84) 

All 20 0.45  
(0.34, 0.59) 

10 0.53  
(0.38, 0.74) 



Antimicrobial Prophylaxis 

• I-B recommendation 
 
 
 
 
 
 

 
 

• Administer timed to maximize tissue concentration. Once 
the incision is made, delivery to the wound is impaired 

 

Surgeries requiring 
prophylaxis 

Clean-contaminated surgery requiring entry in a 
hollow viscus under controlled conditions; 
Some clean surgeries also require AP: cardiac surgery; 
whenever prosthetic material  (intravascular, joint) is 
inserted and most neurosurgical operations. 
 
CDC, SHEA, WHO 

Surgeries  
not requiring 
prophylaxis 

Other clean surgeries not mentioned above; dirty or 
contaminated wound surgeries. 



Antimicrobial Prophylaxis 

•Right Agent 
•Right Dose 
•Right Time 
•Right Duration 

 
      Use peri-operative antibiotic guidelines 

which are generally procedure specific 



Antibiotic Timing 

• Antibiotics should be timed such that the 
bacteriocidal concentration is established in the 
tissue and serum (SHEA, WHO, APSIC, HK) 
– In general; administer within 1 hour prior to the 

incision to maximize tissue concentration  
– 2 hours for vancomycin and fluoroquinolones 

that must be fully infused before the procedure 
• C. section (Category 1A): administer peri-

operative antibiotic before skin incision 
• Use oral antibiotics with mechanical bowel prep 

for colorectal surgery (WHO-conditional; SHEA; 
APSIC) 



Classen. NEJM. 1992;328:281. 

Timing of Administration of 
Perioperative Prophylactic Abx 
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How Much Antibiotic is Present? 

   Serum levels (mg/dL) 
Timing  On call Anesthesia 
Incision  87  148 
1 hour  37  57 
2 hours  25  39 
   Muscle levels (mg/dL) 
Incision  9  17 
Wound closure 7  11 
No drug detect-   38%  14% 
        able DiPiro Arch Surg 1985;120:829-32 



Antibiotic Dose 

• Weight based dosing: 
– E.g. cefazolin use 2 grams for >80 kg; 3 grams 

for those > 120kg; Vancomycin 15 mg/kg 
 

• Re-dosing: 
– Re-dose based on duration of procedure 
– Every 3-4 hours or as appropriate based on 

half-life of the agent 
– For every 1500 ml of blood loss 
SHEA Category 1; CDC-no recommendation; 

WHO silent; HK 



Single vs Multiple Dose Surgical Prophylaxis: 
Systematic Review 

McDonald. Aust NZ J Surg 1998;68:388 
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Why Oral and Systemic Abx for 
Colorectal Procedures 

All Surgical Procedures 

• RR (95% CI) of SSI among incisional SSI:  0.38 (0.26–0.56 
• RR (95% CI) of SSI among organ space SSI: 0.85 (0.51–1.44) 
• RR (95% CI) of SSI among total SSI after CRS: 0.47 (0.26–0.86) 
• RR (95% CI) of SSI among patient after Ulcerative Colitis:  0.21 

(0.11–0.42). 
Chen et al.  Dis Colon Rectum. 2016;59(1):70-78 

https://www-ncbi-nlm-nih-gov.proxy1.library.jhu.edu/pubmed/?term=Chen+and+Zhang+and+dis+colon+rectum+and+2016


Antibiotic Duration & Drains  

• 1-A recommendation 
Duration of 
prophylaxis 

Do not administer additional prophylactic 
antimicrobial agent doses AFTER the surgical 
incision is closed in the OR even in the 
presence of a drain.   
 
CDC and WHO;  
SHEA, HK uses 24 hours; APSIC 1 dose 

Drains Peri-operative prophylaxis should not be 
continued in the presence of a drain for the 
purpose of preventing infection. 
 
CDC and WHO 



Do Repeat Doses Reduce the Risk of 
Infection?  

•1548 cardiac operations longer than 240 
min 

•459 (30%) received repeat doses 
•276 (18%) re-dosed within 240 min 
•6 additional post-operative doses given 

Zanetti. Emerg Inf Dis 2001;7:828 



Normothermia 

• Maintain peri-operative normothermia T>35.5oC 
(Category 1A) 

Madrid E, et al. Active body surface warming systems for preventing complications caused by inadvertent perioperative hypothermia in  
adults. Cochrane Database of Systematic Reviews 2016, Issue 4. Art. No.: CD009016. DOI: 10.1002/14651858.CD009016.pub2. 

CDC, SHEA,  
APSIC (1B),  
HK, WHO 



Optimize Tissue Oxygenation 

Al-Niaimi, et al.  2009 J Eval Clin Practice; March:360-5 

• Administer increased FIO2 BOTH intra operatively and in the  
immediate post operative period (Category 1A).  WHO  
explicitly advocates for 80% FIO2 

• CDC, WHO, HK 
 



Study FIO2-
time/# 

Control High 
FIO2 

Absolut
e RR 

NNT 

Greif 30-80; 2 
hr/500 

11.2 5.2 6.0 17 

Pryor 35-80;2 
hr/160 

11 25 14 7 

Belda 30-80;6 
hr/300 

24 14.9 9.1 11 

All 15.2 11.5 3.7 27 

SSI:  Impact of Supplemental O2 



Hair removal Do not remove hair from the operative site unless the 
presence of hair will interfere with the operation.  Do 
not use razors.  If hair removal is necessary remove 
hair outside of the OR using clippers or dipilatory. 
CDC, WHO, APSIC, HK 

Additional Interventions to Prevent SSI 

• Impervious plastic wound protectors (Category I) 
 
 
 

 
 

• Clip, depilitate or don’t remove hair (Category II)  
 

Impervious plastic  
wound protector for 
GI/Biliary 
procedures 

Use plastic wound protectors for GI and biliary 
surgery which can facilitate retraction of an incision 
during surgery 
SHEA, WHO conditional recommendation and 
considers data low quality, APSIC suggests thought 
before use 



Bottom Line on Hair Removal 

• Shaving vs no hair removal: 17/177 (9.6%) vs 
11/181 (6%), RR 1.59 (95% 0.77-3.27) 

• Shaving vs clipping: 2.8% (46/1627) vs 1.4% 
(21/1566), RR=2.02 (95% 1.21,3.36) 

• Depilatory cream vs no hair removal: 7.9% 
(10/126) vs 7.8% (11/141), RR 1.02 (0.45,2.31) 

Tanner J, Woodings D, Moncaster K. Cochrane Reviews, 2006 
Issue 2, No CD004122,pub 2. 



Other Practices 

 
 

Antimicrobial 
Solutions 

Do not apply antimicrobial solutions to the surgical site 
(ointments, solutions, powders) 
CDC 

Antimicrobial 
Sealants 

Do not apply microbial sealant immediately after skin 
prep (not recommended by WHO; CDC Category II) 

Antimicrobial 
Dressings 

Uncertain evidence supporting antimicrobial dressings 
CDC-No recommendation 

? 

Negative-pressure 
wound therapy 

Uncertain evidence supporting antimicrobial dressings 
(WHO- Conditional recommendation; APSIC not 
recommended routinely) 

• Category I B 

Dressings There is no evidence supporting the use of advanced 
dressings for wounds closed primarily (WHO, APSIC) 



Interventions to Prevent SSI 

Category II-recommendations 
•Do not use plastic adhesive drapes with or 
without antimicrobial properties—WHO, CDC 
(Category II)  
•Intra-operative irrigation of deep or 
subcutaneous tissues with aqueous iodophor in 
contaminated or dirty operations-CDC (II), 
APSIC (IIC) 
•Goal directed fluid therapy to reduce the risk 
of SSI (WHO, APSIC (IA)) 

 

? 

? 

? 



Normovolemia:  New Data 

Myles et al. NEJM 2018  DOI 10.1056/NEJMoa1801601 



Interventions to Prevent SSI 

Category II-recommendations 
•Consider use of triclosan-coated sutures (CDC, 
WHO) 
•Consider the use of antimicrobial impregnated 
sutures (APSIC IIB in the setting of high SSI) 
•Use plastic adhesive drapes with or without 
antimicrobial properties 
•Intra-operative irrigation of deep or 
subcutaneous tissues with aqueous iodophor in 
contaminated or dirty operations 

 

? 

? 

? 

? 



What to Wear 

Appropriate gloving 
 

All members of the operative team should double 
glove and change gloves when perforations occur 
(SHEA-Category III, HK) 

Surgical gowns 
 

Use surgical gowns (reusable woven) 
(WHO-Category III; APSIC IIIC, HK) 



Facility Interventions to Prevent SSI 

Category II-recommendations 
•Use of Laminar flow is NOT needed for 
THR/TKR (WHO; HK, APSIC IIC) 
Category III-recommendations 
•Follow the AIA recommendations for proper 
air handling in the OR 
•Minimize OR Traffic (HK, APSIC IIIC) 
•Use approved hospital disinfectant 

 



Do Patient Care Pathways Work? 

• Before (n=808) and after (n=674) evaluation of a 
QA/QI initiative to improve peri-incisional abx 
administration, tight glucose control and hair 
removal with clippers among patients undergoing 
CABG 

• SSI decreased from 3.5% to 1.5% (p=0.001, 
OR=0.21) 

• Predictors of infection included DM (p=0.001, 
OR=4.71), female gender (p=0.001, OR=2.83 and 
wound class II (p=0.04, OR=2.07) 

• Limitation is the quasi experimental design 
without concurrent control groups 

Trussell et al Am J Surg 2008:196;883-9 



Intervention 

• Patients whose preoperative nares screens had MRSA or 
MSSA applied mupirocin intranasally BID for up to 5 days 
and to bathe daily with CHG for up to 5 days before their 
operations 

• MRSA carriers received vancomycin and cefazolin or 
cefuroxime for perioperative prophylaxis; all others 
received cefazolin or cefuroxime.  

• Patients who were MRSA-negative and MSSA-negative 
bathed with CHG the night before and morning of their 
operations.  

• Patients were treated as MRSA-positive if screening results 
were unknown. 



Methods and Outcome 

• 20 hospitals in 9 US states participated 
• Rates of SSIs were collected for a median of 39 

months (range, 39-43) during the pre-intervention 
period and a median of 21 months (range, 14-22) 
during the intervention period 

• Outcome of interest:  Complex (deep incisional or 
organ space) S.aureus SSIs.  



Schweizer et al. JAMA. 2015; 313: 2162-2171 



Closing Thoughts 

• SSI are associated with significant morbidity and costs 
• Risk factors for infection can drive evidence based 

practice which will require measurement of outcomes and 
processes 

• Surveillance and checklists work! 
• Evidence based best practice should be implemented. 

– Reduce the risk of contamination-appropriate use of perioperative 
antimicrobial prophylaxis and use appropriate skin prophylaxis. 

– Prevent hyperglycemia--Glucose control 
– Reduce Hypothermia--Temperature control 
– ? Oxygenation 
– Decrease endogenous colonization--Decolonization 

• “Bundled” interventions work! 



Extra Slides 

 



Endometritis:  Surgeon Experience 

Rate (%) 

Independent predictors 
Resident surgeon P<0.048 
Patient age P<0.007 

Miller et al 
SGO 1987 Primary surgeon 



Decolonization + Glycopeptide for 
MRSA Carriers 

0.01 0.02 0.05 0.14 0.37 1.00 2.70

Walsh 

Rao 

Kim 

Jog 

Acebedo 

Sporer 

Random Effects OR  

0.26 (0.13, 0.52) 

0.10 (0.01, 0.81) 

0.41 (0.21, 0.80) 

0.56 (0.23, 1.35) 

0.42 (0.18, 0.99) 

0.56 (0.29, 1.09) 

0.40 (0.29, 0.56) 

Protective against    Risk Factor for  
Gram+ SSI       Gram+ SSI 



Selective Decolonization 
 

Schweizer et al. JAMA. 2015;313(21):2162-2171 



Results 

Schweizer et al. JAMA. 2015; 313: 2162-2171 
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