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WHY SURGICAL SITE INFECTION?

Why focus on SSI
(or any healthcare-associated infection)

as an anesthesiologist?
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Infection is the

most frequent
complication of 
modern surgery

WHY FOCUS ON INFECTION?



WHY FOCUS ON INFECTION?

SSI is the

#1 cause of 
postoperative 
readmission

PMID: 25647204



WHY FOCUS ON INFECTION?

SSI is a

major driver 
of excess 
healthcare cost

PMID: 23999949 



WHY FOCUS ON INFECTION?

SSI is 

heavily weighted in
national hospital 
quality metrics



WHY SURGICAL SITE INFECTION?

SSI is not getting better…..





> The role of the patient microbiome in HAI
> The connection between the skin microbiome and SSI
> Implications for current and future prevention strategies
> How we are thinking about this at Harborview Medical Center

AGENDA



THE CENTRAL ROLE
OF THE PATIENT MICROBIOME

Concept 1: Most healthcare-associated 
infections arise from procedure-associated 
perturbations of the patient microbiome
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C. difficile Infection >80% patient-origin

Bloodstream Infection 83-86% patient-origin

Ventilator-Associated
Pneumonia

49-95% patient-origin
(by geographic variation)

Original Investigation | Critical Care Medicine

Association of Staphylococcus aureus Colonization and Pneumonia
in the Intensive Care Unit
Fleur P. Paling, MD; Derek Hazard, MSc; Marc J. M. Bonten, MD, PhD; Herman Goossens, MD, PhD; Hasan S. Jafri, MD, PhD; Surbhi Malhotra-Kumar, MSc, PhD;
Frangiscos Sifakis, MSc, PhD; Susanne Weber, MSc, PhD; Jan A. J. W. Kluytmans, MD, PhD; for the ASPIRE-ICU Study Team

Abstract

IMPORTANCE Carriage of Staphylococcus aureus is associated with S aureus infection. However,
associations between S aureus carriage and the development of S aureus intensive care unit (ICU)
pneumonia (SAIP) have not been quantified accurately, and interpretation of available data is
hampered because of variations in definitions.

OBJECTIVE To quantify associations of patient-related and contextual factors, including S aureus
colonization status, with the occurrence of SAIP.

DESIGN, SETTING, AND PARTICIPANTS This cohort study was conducted in ICUs of 30 hospitals in
11 European countries, geographically spread across 4 regions. Among patients with an anticipated
length of stay 48 hours or longer who were undergoing mechanical ventilation at ICU admission, S
aureus colonization was ascertained in the nose and lower respiratory tract. From this group, S
aureus–colonized and noncolonized patients were enrolled into the study cohort in a 1:1 ratio. Data
analysis was performed from May to November 2019.

MAIN OUTCOMES AND MEASURES SAIP was defined as any pneumonia during the ICU stay
developing 48 hours or more after ICU admission with S aureus isolated from lower respiratory tract
specimens or blood samples. The incidence of SAIP was derived in the study cohort and estimated
on the weighted incidence calculation for the originating overarching population, while taking
competing events into account. Weighted risk factor analysis was performed using Cox multivariable
regression.

RESULTS The study cohort consisted of 1933 patients (mean [SD] age, 62.0 [16.0] years); 1252
patients (64.8%) were men, and 950 patients (49.1%) were S aureus carriers at ICU admission. In all,
304 patients (15.7%) developed ICU-acquired pneumonia, of whom 131 patients (6.8%) had SAIP.
Weighted SAIP incidences were 11.7 events per 1000 patient-days in the ICU for S aureus–colonized
patients and 2.9 events per 1000 patient-days in the ICU for noncolonized patients (overall
incidence, 4.9 events per 1000 patient-days in the ICU). The only factor independently associated
with SAIP was S aureus colonization status at ICU admission (cause-specific hazard ratio, 3.6; 95% CI,
2.2-6.0; P < .001). There were marked regional differences in SAIP incidence and cause-specific
hazard ratios for colonization status.

CONCLUSIONS AND RELEVANCE SAIP incidence was 4.9 events per 1000 ICU patient-days for
patients undergoing mechanical ventilation at ICU admission (or shortly thereafter). The daily risk of
SAIP was 3.6 times higher in patients colonized with S aureus at ICU admission compared with
noncolonized patients.

JAMA Network Open. 2020;3(9):e2012741. doi:10.1001/jamanetworkopen.2020.12741

Key Points
Question What is the incidence density
of Staphylococcus aureus intensive care
unit pneumonia (SAIP) in Europe, and
which factors are associated with the
risk of SAIP?

Findings In this cohort study of 1933
participants, the weighted incidence
density of SAIP was 4.9 events per 1000
intensive care unit patient-days, and S
aureus colonization was the only factor
independently associated with SAIP.

Meaning These findings suggest that
SAIP incidence may be higher than
initially perceived, and future
interventions to prevent SAIP should
focus on patients colonized with S
aureus to achieve a higher efficacy.

+ Supplemental content

Author affiliations and article information are
listed at the end of this article.

Open Access. This is an open access article distributed under the terms of the CC-BY License.
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– What new tools could we use for SSI prevention?

– How can our approach to preoperative decolonization 
be better?

– Or surgical prophylaxis?

– How do bacteria get from sites of colonization (nose) 
to the wound and “germinate” to mount an infection?

– If coming directly from the skin, why isn’t this 
effectively addressed the by surgical prep?

– If we know in advance the bacterial strains most 
likely to cause infection, can we use that knowledge 
to individualize prevention?

How could this change our thinking?



Skin Microbiome 
& Surgical Site Infection

Concept 2: The skin is a complex, resilient 
community of potential pathogens and 
resistance genes, built up over a lifetime, 
and just waiting for an opportunity to 
cause an infection.



Why study SSI in spine surgery?

> High volume 
– US ~1M/year
– More $ expenditure 

than any other 
elective surgery

> High risk
– 1 in 30

> Major consequences 



Spinal Fusion SSI Microbiology

*

*Enteric gram-positive



WHAT DO WE KNOW ABOUT THE 
“MICROBIOME  0F THE BACKSIDE”?
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Preoperative Skin Microbiome
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Stratification of Individual Species



ANATOMIC VARIATION
BUT ALSO INDIVIDUAL VARATION



WHAT WE ARE LEARNING

80-90% of SSIs
in spine surgery
arise from the 

patient 
microbiome 

(not the hospital 
environment)



WHAT WE ARE LEARNING

No evidence of 
same-strain SSI 

between patients



WHAT WE ARE LEARNING

50-60% are

resistant to the 
surgical 

prophylaxis
administered



WHAT WE ARE LEARNING

resistance genes 
also come from the 

patient and are
detectable prior 

to surgery

observed 
resistome-SSI 

correlation

negative correlation positive correlation



WHAT WE ARE LEARNING

resistance not only 
to antibiotic 
prophylaxis 

but also
chlorhexidine?! m
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WHAT WE ARE LEARNING

effect of 
surgical prep is

shorter than 
most surgeries



Skin Microbiome Extends
Surprisingly Deep



CONCEPTUAL 
MODEL

Is it the right 
model?

Is it the only 
model?



How are we thinking about this at HMC?
1. Doubling down on preoperative MRSA screening

1. Moving from pre-anesthesia to surgical clinic
2. Revisiting our approach to decolonization
3. General focus on bathing practices for inpatients, CHG use in select 

high-risk populations
4. Strategically moving some SSI prevention work from IPC to Surgical 

Services in a joint model
5. Thinking about targeted, individualized approaches to prophylaxis
6. All in the context of a hand-hygiene push and keeping the pressure on 

environmental sources



TAKE AWAYS

• Many HAIs arise from the patient microbiome 
as a result of stresses/procedures that 
uniquely occur in hospital environments

• This does NOT relieve hospitals of 
responsibility for infection prevention, but 
may change our approach



TAKE AWAYS

• The skin microbiome varies across body regions
• Within regions, it varies further between 

individuals
• Gram-negative bacteria are routinely members of 

these normal skin communities, we just don’t see 
them using traditional culture methods



TAKE AWAYS

• Both anatomic and individual variation in the skin 
microbiome of the surgical site correlate with the 
causes of SSI

• Community-acquired resistance genes contribute 
to prophylaxis resistant SSI



TAKE AWAYS

• The microbiome is more than “skin deep” and may 
extend beyond the epidermis to layers not 
penetrated by surgical prep

• Within a matter hours, the skin surface is subtantially 
repopulated from deeper reservoirs

• Some skin commensals harbor genes for 
chlorhexidine resistance



TAKE AWAYS

• The optimal approach and timing for decolonization 
are uncertain

• Should probably include both nasal and skin 
decolonization, and begin days before surgery to 
reduce the overall bioburden of organisms across 
body, including the skin over the surgical site



QUESTIONS/DISCUSSION




