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Background
• Surgical site infections (SSIs):

o morbidity, prolonged hospitalisation

o increased healthcare costs

• Reported rates:

o <1% for clean procedures

o 30% for some colorectal procedures

• Standardised surveillance a minimum & necessary 

requirement for effectual prevention strategies

Shepard J, et al. JAMA Surg. 2013

Itani KM, et al. N Engl J Med. 2006

Smith RL, et al. Ann Surg. 2004



• Australian guidelines for surgical antibiotic 

prophylaxis widely available,

but…

• pathogen data concerning procedure-specific SSIs 

not evaluated to determine if guidelines are 

concordant with local epidemiology.



• In 2002, the Victorian Healthcare Associated 

Infection Surveillance System (VICNISS) 

commenced monitoring of SSIs.

• Other functions:-

o processes: hand hygiene, HCW influenza vaccination

o outcomes: CLABSI, VAE (VAP), Staphylococcus aureus

bacteraemia, Clostridium difficile infections



Objectives
The objectives of the study were to:

i. examine SSI rates according to operative procedure 

groups, and

ii. analyse time-trends in SSI rates, pathogens responsible 

for SSIs, and antimicrobial susceptibility of pathogens 
responsible for SSIs

in Victorian hospitals for the period October 1 2002 to 

June 30 2013. 



Methods
• Participating hospitals:

o all large Victorian public hospitals

o ≥ 2 surgical procedures monitored per 12-month period

o continuous surveillance mandated for CABG procedures 

and for orthopaedic surgery if >50 procedures performed 

annually

o private hospitals - voluntary participation

• Target population:

o inpatients & re-admitted patients with SSI within 12 months 

of procedure



Standardised surveillance
• NHSN/CDC surveillance methods:-

o Classification:

superficial, deep or organ/space

o Procedure groups:

(i) CABG, (ii) Caesarean section, (iii) hip and knee prosthesis, (iv) 

colorectal surgery (v) other abdominal surgery, (vi) other 

cardiac surgery, (vii) hysterectomy, and (viii) vascular surgery

o SSI rates:

o Risk-indexing: NHSN methodology (-1 → 3)

Centers for Diseases Control and Prevention. The National Healthcare Safety 

Network (NHSN) Patient Safety Component Manual. 2013

Horan TC, et al. Infect Control Hosp Epidemiol. 1993

× 100
No. SSIs

No. specific procedures



Results
SSI rates & time-trends

• 81 healthcare facilities:

o 183,625 procedures (164,721 patients); 5123 SSIs

o overall crude SSI rate: 2.8 per 100 procedures

o 3318 (64.8%) SSIs microbiologically-confirmed

• 9% annual decrease in risk of SSI (RR 0.91, 95% CI 0.90-0.92):

o 11% decrease in risk of superficial SSI (RR 0.89, 95% CI 0.88-0.90)

o 9% decrease in risk of deep SSI (RR 0.91, 95% CI 0.90-0.93)

o 5% decrease in risk of organ/space SSI (RR 0.95, 95% CI 0.93-0.97)



Crude SSI rates
Procedure group Crude SSI rate 95% CI

Hysterectomy 2.01 1.68-2.39

Caesarean section 2.05 1.93-2.18

Hip/knee prosthesis 2.57 2.44-2.71

Abdominal surgery - other 2.64 2.34-2.96

Cardiac surgery - other 3.85 3.22-4.56

CABG 4.92 4.64-5.22

Colorectal surgery 8.67 8.06-9.31

Vascular surgery 11.79 8.70-15.64



Adjusted SSI rates
Procedure group

SSI rate by risk index

-1 0 1 2 3

CABG N/A 0.72 4.17 7.12 6.67

Caesarean section N/A 1.98 1.99 2.73 0.00

Hip/knee prosthesis N/A 1.64 2.64 3.91 13.79

Colorectal surgery 2.73 5.70 9.19 12.87 21.71

Other abdominal surgery 0.78 1.39 3.60 6.86 12.50

Other cardiac surgery N/A 2.35 2.63 5.16 5.71

Hysterectomy N/A 1.27 1.57 4.38 0.00

Vascular surgery N/A 6.78 10.71 16.85 0.00



Pathogen ranking
Aetiology

Pathogen ranking by procedure group

All CABG Caesarean Hip/knee Colorectal
Other 

abdom.
Other 

cardiac
Hysterect. Vascular

S. aureus 1 1 1 1 1 1 1 1 1

Pseudomonas spp. 2 2 6 2 3 3 # 3 4

Escherichia coli 3 5 2 5 2 2 9 2 2

CoNS 4 3 5 3 11 4 2 10 #

Enterococcus spp. 5 6 3 4 4 6 3 4 3

Enterobacter spp. 6 4 8 6 6 5 8 # 5

Klebsiella spp. 7 9 11 9 7 7 4 6 #

Proteus mirabilis 8 8 10 7 * 15 10 5 7

Serratia marcescens 9 7 * 8 17 8 5 # #

Candida albicans 10 10 * 16 5 13 7 12 6



Procedure-specific 
pathogens

Hip/knee Colorectal

MRSA: 14% of total SSIs



Procedure-specific 
pathogens

CABG Caesarean sections

CNS: 14% risk increase/year



Procedure-specific 
pathogens

Other abdominal Other cardiac



Procedure-specific 
pathogens

Hysterectomies Vascular surgery



Antibiotic resistance



Time-trends: SSI pathogens
(a) SSIs sue to Staphylococcus aureus (b) SSIs due to methicillin-resistant S. aureus 

  

(c) SSIs due to ceftriaxone-resistant E. coli (d) SSIs due to vancomycin-resistant enterococci 

  
 

12% risk 
reduction/year 
(RR 0.88, 95% CI 
0.86-0.89) 

37% risk 
increase/year 
(RR 1.37, 95% CI 
1.10-1.70) 

18% risk 
reduction/year 
(RR 0.82, 95% CI 
0.80-0.85)

11% risk 
increase/year
(RR 1.11, 95% CI 
0.97-1.27) 



Implications
SSI rates & time-trends

• S. aureus the most frequent pathogen

o anti-Staphylococcal activity required in empiric regimens

• Significantly diminishing SSI rates (9%/year)

o international trends: reductions CABGs & orthopaedic SSIs 
over the last decade

o surgical antibiotic prophylaxis; bundles

Berrios-Torres SI, et al. Infect Control Hosp Epidemiol. 2014

Skramm I, et al. J Hosp Infect. 2012



SSI pathogens
NHSN, 2009-2010

Sievert DM, et al. Infect Control Hosp Epidemiol. 2013; 34:1-14



Pathogens by procedure
NHSN, 2009-2010

Sievert DM, et al. Infect Control Hosp Epidemiol. 2013; 34:1-14



Improved surgical process
better outcomes?

• Should increased SSI rates lead to enhanced 

surveillance to foster improvement in process?

• SCIP: Surgical Care Improvement Project

o Reduction in SSIs not clearly demonstrated



Surgical Care Improvement Project 

(SCIP)

• Centers for Medicare & Medicaid Services (CMS) 

in collaboration with:
o the American Hospital Association (AHA)

o Centers for Disease Control and Prevention (CDC)

o Institute for Healthcare Improvement (IHI)

o The Joint Commission (TJC).

• Voluntary participation; hospital reimbursement 

by CMS reduced by 2% if fail to report 

performance on SCIP measures.

• 3 modules: infection, cardiovascular, 

thromboembolic



SCIP Infection measures

• Prophylactic antibiotic received within one hour prior to surgical 

incision (2 hours if receiving vancomycin)

• Prophylactic antibiotic selection for surgical patients

• Prophylactic antibiotics discontinued within 24 hours after surgery 

end time (48 hours for cardiac patients)

• Cardiac surgery patients with controlled 6 AM postoperative 

serum glucose (≤ 200 mg/dL)

• Surgical patients with appropriate hair removal

• Colorectal surgical patients with immediate postoperative 

normothermia

• Surgery patients with perioperative temperature management



Results: There were 60,853 surgeries at 112 VA 
hospitals analyzed. SCIP adherence ranged from 
75% for normothermia to 99% for hair removal and 
all significantly improved over the study period (P < 
0.001). Surgical site infection occurred after 6.2% of 
surgeries (1.6% for orthopedic surgeries to 11.3% 
for colorectal surgeries). None of the 5 SCIP 
measures were significantly associated with lower 
odds of SSI after adjusting for variables known to
predict SSI and procedure type. Year was not 
associated with SSI (P = 0.71). Hospital SCIP 
performance was not correlated with hospital SSI 
rates (r = –0.06, P = 0.54).



Compliance (sustainability phase)

Temp>36C 42.1%
FIO2>0.8 31.6%

SBP>90mmHg 78.9%

BSL<10mmol/L 86.8%

AB prophylaxis 39.5%

All bundle components 21.1% 

SSI rates
Pre: 15% (10.4-20.2)

Post: 7% (3.4-12.6)

Intervention Outcomes



Preventing orthopaedic SSIs
IHI experience

• Use an alcohol-containing antiseptic agent for preoperative 
skin preparation

• Instruct patients to bathe or shower with chlorhexidine
gluconate (CHG) soap for at least three days before surgery

• Screen patients for Staphylococcus aureus & decolonize 
carriers with 5 days of intranasal mupirocin & bathing or 
showering with chlorhexidine gluconate soap for at least 3 
days before surgery

• Appropriate use of prophylactic antibiotics

• Appropriate hair removal



Khodyakov D, et al. BMJ Qual Saf 2015;24: 38–47.



Implications
Antimicrobial-resistant pathogens

• Ceftriaxone-resistant E.coli
o increasing incidence, consistent with international trends 

for extended-spectrum β-lactamase-producing organisms

• Carbapenem-resistant Enterobacteriacae (CRE)
o very low frequency

o contrast with Japan/United States, where CRE now 
significant pathogens

• Ciprofloxacin-resistant E. coli
o relatively low frequency (6.1%)

o NB: restricted use of fluoroquinolone agents in Australia

Sievert DM, et al. Infect Control Hosp Epidemiol. 2013

Takesue Y, et al. J Infect Chemother. 2012

Cheng AC, et al. Emerg Infect Dis. 2012



Conclusions
• Significantly diminishing rates of SSIs observed in 

Victoria over an 11-year period.

o However, increase in antimicrobial-resistant infections

• Findings enable refinement of recommended 

surgical antibiotic prophylaxis regimens.

o ↑ CoNS SSIs following CABG & orthopaedic procedures

o 13% SSIs following colorectal procedures due to MRSA 

• Need for a national surveillance strategy to identify 

changes in epidemiology.

o rare but significant pathogens
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