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Observed Cases = Number of infections 
 Predicted Cases =   

(NHSN Pooled Mean x Unit-specific # 
Device days )/1000 
o Yields a risk adjusted comparison number 

based on unit specific device use 
 SIR formula = Observed/Predicted 



 The SIR value will be from ZERO to 1 and above 
o A value LESS than 1 indicates that observed cases 

were LOWER than expected (Desirable) 
• SIR = 0.75 = Performing at 25% lower than comparable  groups 

o A value of 1 indicates that observed cases were 
EQUAL to expected 

o A value MORE than 1 indicates that observed cases 
were HIGHER than expected (Undesirable) 

• SIR = 1.30 = Performing at 30% higher than comparable groups 
• SIR = 2.50 = Performing at 150% higher than comparable groups 

 







Pathogens Involved with SSIs No (%) of  SSI Pathogens  Rank 

Staph aureus (includes  MRSA) 6415 (30.4) 1 
Coagulase neg staph 2477 (11.7) 2 
E.Coli 1981 ( 9.4) 3 
Enterococcus faecalis 1240 ( 5.9) 4 
Pseudomonas aerug 1156 ( 5.5) 5 
Enterobacter spp  849   (4.0) 6 
Klebsiella spp  844   (4.0) 7 
Enterococcus spp  685   (3.2) 8 
Proteus spp  667   (3.2) 9 
Enterococcus faecium  517   (2.5) 10 
Serratia spp  385   (1.8) 11 
Candida albicans  367   (1.3) 12 
Acinetobacter baum  119   (0.6) 13 
Other Candida spp   96    (0.5) 14 
Other organisms 3399 (16.1) 
Total 21,100 (100) 

Sievert DM at al Antimicrobial resistant pathogens associated with healthcare associated infections. Summary of data reported to the 
Centers for Disease Control and  Prevention  2009-2010 . Infection control and hospital epidemiology. 2013;34(1):1-14. 



 A patient with an SSI is: 
o 5x more likely to be readmitted after 

discharge1 

o 2x more likely to spend time in intensive care1 
o 2x more likely to die after surgery1 

 
 The mortality risk is higher when SSI is due to 

MRSA 
o A patient with MRSA is 12x more likely to die 

after surgery2 
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1. WHO Guidelines for Safe Surgery 2009. 
2. Engemann JJ et al. Clin Infect Dis. 2003;36:592-598. 
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HAI Est Annual % Est Direct 
Cost 

Avg Length of 
Stay 

Attributable 
Mortality 

Surgical Site 
Infection (SSI) 

33.7% $20 785 ~11 days 
 

~4% 

  MRSA SSI $42 300 ~23 days 
Central Line 
Associated 
Bloodstream 
Infection (CLABSI) 

18.9% $45 814 
 

~10 days 
 

~26% 

  MRSA    
    CLABSI 

~16 days 

Ventilator 
Associated 
Pneumonia (VAP) 

31.6% $40 144 ~13 days ~24% 

Catheter 
Associated 
Urinary Tract 
Infection (CAUTI) 

<1% $896 < 1 day <1% 

Clostridium 
difficile Infection 
(CDI) 

15.4% $11 285 ~ 3 days ~4% 

 
Zimlichman. Et al:  “Health Care–Associated Infections A Meta-analysis of Costs and Financial Impact on the US Health Care System” JAMA Intern Med. September 2013 
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SAFETY – Safe OPERATING ROOM  

SCREEN –  Screening for presence of MRSA & MSSA 

SKIN PREP – Skin with alcohol based antiseptics such as CHG or 
Iodophor 

SHOWERS – Showers pre-op night before and morning of surgery with 
CHLORHEXIDINE (CHG) 

SOLUTION – Surgical irrigation with 0.05% CHG 

SUTURES – Sutures with antibacterial protection 

SKIN CLOSURE – Sealing the incision with topical incisional adhesive 
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 Traffic control, number of surgeons, staff, reps, visitors in the OR 
 Improper surgical attire resulting in skin cells/organisms into 

environment from uncovered arms, hair, back of neck 
 Improperly maintained air handling systems, filtration 
 Hair clipping in the operating room 
 Inadequate surgical prophylaxis (selection, dosing, timing) 
 Inadequate room turnover and terminal cleaning procedures 
 Inadequate surgical technique and handling of tissues 
 Improper instrument cleaning/sterilization process, lack of use of 

enzymatic solution 
 Improper use of biological indicators 
 Contamination from storage of supplies, supply bins, carts, tables, 

stationary equipment 
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 Preoperative Patient Skin Antisepsis 
 Environmental Cleaning in the Perioperative Setting 
 Surgical Tissue Banking 
 Surgical Hand Antisepsis 
 Cleaning and Care of Instruments and Powered Equipment 
 Cleaning and Care of Surgical Instruments 
 Cleaning and Processing of Flexible Endoscopes 
 High Level Disinfection 
 Cleaning and Processing Anesthesia Equipment 
 Sterilization in the Perioperative Setting 
 Hand Hygiene in the Perioperative Setting 
 Prevention of Transmissible Infections in Perioperative Settings 
 Surgical attire 
 Sharps Safety 
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*Surgical prophylaxis:   
  selection, time,  
  discontinuation of abx  
  (24hrs or 48hrs cardiac) 
*Hair clippers (no razors) –  
  done outside the OR room 
*Warming patient (pre- 
  postop) 
*Increased oxygen 
*Remove Foley catheter  
  within 48 hours post-op 



 Performance measures include the 
antibiotic being 
o given within 60 minute before 

incision  
o consistent with current published 

recommendations (2 grams 
cefazolin and re-dose) 

o re-dosed if the time since 
administration exceeds two half-
lives of the medication 

o dose per BMI 
o discontinued within 24 hours of 

conclusion of procedure 

ASHP  2013 Surgical Prophylaxis Guidelines  2013 





Boyce, Evidence in Support of Covering the Hair of OR Personnel AORN Journal ● Jan 2014   

•Normal individuals shed more than 10 million 
particles from their skin every day. 
•Approximately 10% of skin squames carry 
viable  
microorganisms and it’s estimated that 
individuals shed approximately 1 million 
microorganisms  from their bodies each day.  
•Head cover or hood should be designed to 
minimize microbial dispersal 
•Skullcaps may fail to contain the side hair 
above  and in front of the ears and hair at the 
nape of the neck 

 
 
 



 No data to support reduction in SSIs  
(may be used for surgeon protection) 
 Lipsett PA. Do we really need laminar flow ventilation in the 

operating room to prevent surgical site infections? Ann Surg 
008;248:701 

 Der Tavitian J, Ong SM, Taub NA, et al. Body-exhaust suit versus 
occlusive clothing. A randomised, prospective trial using air and 
wound bacterial counts. J Bone Joint Surg Br 2003;85:490. 

 Pasquarella C, Pitzurra O, Herren T, et al. Lack of influence of 
body exhaust gowns on aerobic bacterial surface counts in a 
mixed-ventilation operating theatre. A study of 62 hip 
arthroplasties. J Hosp Infect 2003;54:2. 

 Brown AR, Taylor GJ, Gregg PJ. Air contamination during skin 
preparation and draping in joint replacement surgery. J Bone 
Joint Surg Br 1996;78:92. 



 Facility approved, clean, and freshly laundered 
surgical attire 

 If scrubs are worn into the institution from outside, 
they should be changed before entering semi-
restricted or restricted areas to minimize the potential 
for contamination (eg, animal hair, dust, cross 
contamination from other uncontrolled environments) 

 Home laundering of surgical attire is not 
recommended 

 Non scrubbed personnel should wear long sleeved 
jackets that are buttoned or snapped closed during 
use 

 Complete closure of the jacket avoids accidental 
contamination of the sterile field 

 Long-sleeved attire is advocated to prevent bacterial 
shedding from bare arms and is included in the 
Occupational Safety and Health Administration 
(OSHA) regulation for the use of personal protective 
equipment (PPE)” 

AORN – Surgical Attire 2014 



 Shaving increases 
risk for SSI 

 Hair removal should 
be performed 
o using a clipper 
o on the day of surgery 
o in a location outside 

of the procedure 
room 

o Assure clipper is 
cleaned between use 

 Only interfering hair 
should be removed 

Hair left on clipper from 
previous patient 



  

Infection control concern: previous patient hair in clippers and contaminated tape  



 Expect both TJC and  CMS to spend a lot of time 
in Central Sterile Processing during Surveys 

 Assure IFUs from manufactures are located in 
CSS (not the managers office) – online software 
best option (www.onsource.com) 

 Challenges with instruments 
• Lumens, grooves, sorting, hand cleaning, disassembly 

required – massive kits  
• Many instruments cannot be disassembled 
• Correct use of Biologic Indicators 
• Double Packaging 

 Pre-soaking and rinsing of tissue and blood from 
the instruments in the operating room before sent 
to decontamination with enzymatic 
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▫ Evaluate between room 
cleaning procedures 

▫ Terminal cleaning 
procedures on 
evening/night shift 

▫ Correct process – top to 
bottom, clean to dirty  

▫ Is there sufficient staff to 
terminally clean all OR 
rooms each day? 

AORN  RP: Environmental Cleaning in the Perioperative Setting  2014 



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

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

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. 26:251-5. 
2. BIOQUELL trials, unpublished data. 
3. Bonilla et al. 1996. Infect Cont Hosp Epidemiol. 17:770-2 
4. Boyce. 2007. J Hosp Infect. 65:50-4. 
5. Duckworth and Jordens. 1990. J Med Microbiol. 32:195-200. 

6. French et al. 2004. ICAAC. 

7. Kramer et al. 2006. BMC Infect Dis. 6:130. 
8. Otter and French. 2009. J Clin Microbiol. 47:205-7. 
9. Smith et al. 1996. J Med. 27: 293-302.  
10. Wagenvoort et al. 2000. J Hosp Infect. 45:231-4.  
11. Wagenvoort and Joosten. 2002. J Hosp Infect. 52:226-7.  



Study Healthcare associated pathogen Likelihood of patient acquiring 
HAI based on prior room 
occupancy (comparing a 
previously  ‘positive’ room with 
a previously ‘negative’ room) 

Martinez 20031 VRE – cultured within room 2.6x 

Huang 20062 
VRE – prior room occupant 1.6x 
MRSA – prior room occupant 1.3x 

Drees 20083 

VRE – cultured within  room 1.9x 
VRE – prior room occupant 2.2x 
VRE – prior room occupant in previous 
two weeks 2.0x 

Shaughnessy 20084 
C. difficile – prior room occupant 

2.4x 

Nseir 20105 

A. baumannii – prior room occupant 
3.8x 

P. aeruginosa – prior room occupant 
2.1x 

1. Martinez et al. Arch Intern Med 2003; 163: 1905-12. 
2. Huang et al. Arch Intern Med 2006; 166: 1945-51. 
3. Drees et al. Clin Infect Dis 2008; 46: 678-85. 
 

4. Shaughnessy. ICAAC/IDSA 2008. Abstract K-4194. 
5. Nseir et al. Clin Microbiol Infect 2010 (in press). 



New Technology for Operating Room 
Terminal Cleaning Being Used in 

Some Operating Rooms 

Ultraviolet C lights 
www.TruD.com 
www.rapiddisinfector.com 
www.xenex.com 
 
 
 

Disinfectant surface 
sprays 
http://www.byosafem
t.com/ 

Disinfecting White/Indigo Lights 
www.indigoclean.com 
www.vidashield.com 
 
 

http://www.trud.com/
http://www.rapiddisinfector.com/
http://www.xenex.com/
http://www.indigoclean.com/
http://www.vidashield.com/


  



Lancet Infect Dis 2005;5:751 Hill RLR et al.  J Antimicrob Chemother  1988;22:377 
Sanford MD et al.  Clin Infect Dis  1994;19:1123 

2 to 4-fold increase 



    

Surgical Infections  Vol 17 No 3 2016 



Everheart JS et al. Medical comorbidities are independent preoperative risk factors for surgical infections 
after  total joint arthroplasty. Clin orthoped  relat res.  March22, 2013 
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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 

60% reduction in MRSA infections  
40% reduction in MSSA infection         p<0.001 

Results: 



  



Edmiston et al.  JAMA Surg 2015;150:1027-33 Edmiston et al.  Infect Control Hosp Epidemiol  
2016; 2016;37:254-259 



 An SMS, text or voicemail 
reminder to shower 

 A standardized regimen – 
instructions – Oral and written 

 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 

 

• An SMS, text or voicemail 
reminder 

• Oral and written patient 
instructions – Cleanse 
gently 

• TOTAL OF SIX CLOTHS 
SHOULD BE USED – 3 
NIGHT BEFORE AND 3 
THE MORNING OF 
SURGERY 

• Use both sides of the cloth 
– maximize release of CHG 

• CLEANSE GENTLY 

The 4% Story The 2% Cloth Story 



AORNJ 2015;101:529-538 





  



 Two types of preoperative skin 
preparations that combine alcohol 
(which has an immediate and dramatic 
killing effect on skin bacteria) 

 Long-acting antimicrobial agents appear 
to be more effective at preventing SSI 
than povidone-iodine (an iodophor) 
alone: 

oChlorhexidine plus alcohol  
o Iodophor plus alcohol 
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   Institute for Healthcare Improvement (IHI):  Prevention 
of SSI: Use Alcohol based antiseptics    2012 



  



 Like all foreign bodies, sutures can be colonized by 
bacteria: 
o Implants provide nidus for attachment of 

bacteria1 

o Bacterial colonization can lead to biofilm 
formation1 

o Biofilm formation increases the difficulty of 
treating an infection2 
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On an implant, such as a 
suture, it takes only 100 
staphylococci per gram 
of tissue for an SSI to 
develop3 

1. Ward KH et al. J Med Microbiol. 1992;36: 406-413. 
2. Kathju S et al Surg infect. 2009;10:457-461 
3. Mangram AJ et al. Infect Control Hosp 

Epidemiol.1999;27:97-134..  

Contamination Colonization Biofilm Formation 



Suture with Staphylococcus colonies 
Air settling plates in the operating 

room at the last hour of a total 
joint case from the anesthesia 

cart, bovie cart, computer  

Potential for Contamination of 
Sutures at End of Case 

Spencer et al:  Reducing the Risk of Orthopedic Infections: The Role of Innovative Suture 
Technology NAON  2010 Annual Congress - May 15-19, 2010 



 
 Studied the “zone of inhibition” around the suture 

o A pure culture—0.5 MacFarland Broth—of S. aureus was 
prepared on a culture plate 

 
o An antibacterial suture was aseptically cut, planted on the 

culture plate, and incubated for 24 hrs – held at 5 and 10 
days 
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5 day zone of inhibition 10 day zone of inhibition 

Traditional suture 

Antimicrobial suture 

Spencer et al:  Reducing the Risk of Orthopedic Infections: The Role of 
Innovative Suture Technology NAON  2010 Annual Congress - May 15-19, 2010 



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



How Does One Evaluate An Antimicrobial Risk-
Reduction Technology? 

 
1. Safety 

• No MAUDE (FDA) reports (in 13 years) documenting direct 
evidence linking triclosan to adverse impact in surgical 
wounds 

2. Microbicidal Activity (Spectrum) 
• Documented Gram-positive and Gram-negative antimicrobial 

activity and no published studies have demonstrated that use 
of triclosan coated sutures are associated with the emergence 
of resistant surgical pathogens 

3. Evidence-based Clinical Effectiveness (Meta-Analysis) 
• Currently 6 meta-analysis in the peer-literature document 

clinical efficacy of triclosan (antimicrobial) suture technology 
4. Cost-Effectiveness 

• Singh et al. (Infect Control Hosp Epidemiol 2014;35:1013) 
documents that use of triclosan-coated sutures provides 
significant fiscal benefit to hospital, third party-payer and 
patient 
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 Higher irrigant pressures result in greater osseous 
damage and perhaps impairment of osseous 
healing1 
 

 Kalteis et al. revealed that compared with brush 
and bulb-syringe lavage high and low-pressure 
pulsatile lavage resulted in significantly (p < 0.001) 
higher rates of deep bacterial seeding in bone2 

 No evidence that Bacitracin/Polymixin irrigations 
reduce rate of SSI2 (and risk of anaphylaxis with 
Bacitracin) 

 
• 1. Kalteis T, Lehn N, Schroder HJ, Schubert T, Zysk S, Handel M, Grifka J. Contaminant seeding 

in bone by different irrigation methods: an experimental study. J Orthop Trauma. 2005;19:591-6. 
 

 2. Fletcher N, et al: Prevention of perioperative infections.  J Bone Joint Surg Am. 2007;89:1605-
1618 

 
 



 Chlorhexidine Gluconate 0.05%  is an excellent biocide 
that binds to tissues 

 It has demonstrated antimicrobial efficacy and 
persistence in laboratory testing  

 The mechanical action effectively loosens and removes 
wound debris  

 Safe for mucous membranes – approved by FDA 
 www.irrisept.com 

 
 





Why CHG Irrigation?  Air current 
contaminants can be flushed out before 

closure 

CHG Irrigant leaves a 2 week 
antimicrobial action in the 
tissue  







 Incision collects fluid – serum, 
blood - growth medium for 
organisms – small dehiscence 
between staples and steri-strips 

 Spine fusions -incisions close to  
the buttocks or neck  

 Body fluid contamination from 
bedpans/commodes 

 Heavy perspiration common with 
obese patients 

 Friction and sliding - tears and 
blisters 

 Itchy skin - due to pain 
medications –  
skin breakdown 
 

55 



 For Hospital Staff 
 No time spent removing staples or sutures  
 Reduces hospitalization costs 
 Reduces number of suture set ups 
 Simplifies post-op wound checks  
 Reduces number of wound dressings 
 Can reduce staff suture exposures 
 

 For Patients 
 7 days of wound healing strength in 
 less than one minute of application 
 Shower immediately 
 Outstanding cosmesis 
 Reduced follow-up 
 Less pain and anxiety 

56 







 

 

 

Knee: Sealed with 
incisional adhesive, 
covered with Telfa and 
a transparent dressing 
for incision protection  

Healed incision  

Hip: Sealed with 
adhesive  covered with 
gauze and transparent 
dressing for incision 
protection  



Topical Incisional Adhesive (TSA) 
Octyl Cyanoacrylate 



  



Spencer et al: The Use of Antimicrobial Gauze Dressing (AMD) After Orthopedic Surgery 
To Reduce Surgical Site Infections  NAON 2010 Annual Congress - May 15-19, 2010 



  



Waits et al, Surgery 2014;155:602 



Surgery 2015;158:66-77 
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One thing could lead to the failure  



 
 Senior leadership and surgeons – Must be involved and 

lead the effort 
 Clear goals 

• Structured program with clearly defined goal of zero 
tolerance for HAIs 

 Communication – effective and consistent 
 Ongoing and creative education 
 Financial support to Infection Prevention program 
 Use process improvement tools  



Patient Safety Work Product 
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 Smith T, et al.  Sutures versus staples for skin closure in orthopaedic surgery: meta-
analysis. BMJ 2010;340:c1199 

 Singh A, et al. An Economic Model: Value of Antimicrobial-Coated Sutures to Society, 
Hospitals, and ThirdParty 

 Payers in Preventing Abdominal Surgical Site Infections. Infection Control and Hospital 
Epidemiology, Vol. 35, No. 8 (August 2014), pp. 10131020 

 Tuuli M, et al. Staples Compared to Subcuticular Suture for Skin Closure After Cesarean 
Delivery. Obstet Gynecol 2011;117:682-90. 

 Daoud F, et al Meta-Analysis of Prevention of Surgical Site Infections following Incision 
Closure with Triclosan-Coated Sutures: Robustness to New Evidence. Surgical Infections 
2014. 

 Edmiston C, et al. Microbiology of Explanted Suture Segments from Infected and 
 Noninfected Surgical Patients. 2013, 51(2):417. DOI:J. Clin. Microbiol.  November 2012. 
 10.1128/JCM.02442-12.  
 Apisarnthanarak A, et al. Triclosan-Coated Sutures Reduce the Risk of Surgical Site 

Infections: A Systematic Review and Meta-analysis. Infect Control Hosp Epidemiol 
2015;36(2):1–11 

 Eymann R, et al. Glue Instead of Stitches: A Minor Change of the Operative Technique 
 with a Serious Impact on the Shunt Infection Rate. Brain Edema XIV, Acta Neurochirurgica 

Supplementum Vol. 106,DOI 10.1007/978-3-211-98811-4_14. 
 Chambers A, et al. Is skin closure with cyanoacrylate glue effective for the prevention of 

sternal wound infections? Interact CardioVasc Thorac Surg 
 2010;10:793-796. 
 Silvestri A, et al. Octyl-2-Cyanoacrylate Adhesive for Skin Closure and Prevention of 

Infection in Plastic Surgery. Aesth. Plast. Surg. 30:695699, 2006 
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