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General Outline

Review of SSI
Why is SSI important?
Pathophysiology

Discuss 3 strategies to eliminate SSI
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Review - OQutcomes

Occurs following 2-5% of surgical procedures

Since 16 to 20 million procedures are performed each year:
300,000 to 1 million SSIs each year

SSis lead to adverse patient outcomes
Longer hospitalization
Longer time in ICU
Morbidity such as disability
Increased risk of death

SSis lead to adverse outcomes for healthcare
$3.5 to $10 billion annually

— www.cdc.gov/nhsn/pdfs; Anderson et al ICHE 2014
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Review — Epidemiology

Most common and most costly HAI
38% of HAIs

0.3 1

E 0.25 \/\
Recent trends? s o
SCIP let to improved adherence to performance & os{ _ _  ___ce-meo
measures T i TEees
Compared to 2008 baseline, NHSN data (2014)  § ,.,] ——w——— e -
demonstrated 17% decrease in SSI g, ST e ——_" B
Community hospitals had 10% decrease in SSI 2008 2009 - 2o o
from 2008 tO 2012 — All S aureus Coagulase-negative staphylococci
BUT, progress may have stagnated e FiiEBaraE e e s
5% increase in COLO SSI from 2013 to 2014 i Facherichin col

Lewis et al. ICHE 2013;34:1229. Zimlichman et al. JAMA Intern Med 2013;173:2039. Baker et al. ICHE
2016;37:519. https://www.cdc.gov/HAIl/pdfs/progress-report/hai-progress-report.pdf

.3_.) Duke Center for

¥29, ) Antimicrobial Stewardship



Review — Common Organisms

NHSN data, 2006-2009 29 Community Hospitals, 2008-2012
Pathogenic isolates No. (%)
CABG Arthroplasty Total of SSIs
Pathogen No. (%) Rank No. (%) Rank No. (%) Rank Organism (n=3,988)
Staphylococcus aureus® Bacteria
Methicillin-sensitive S. aureus 616 (19) 1 904 (28) 1 1,520 (23) 1 Smphyigcoccus aureus 1,357 (34)
Methici]]in—reﬁistant S. aureus 550 (17) 3 634 (19) 2 1,184 (18) 2 MSSA 683 (17)
go?gulase—negatn.fe staphylococci ?g; Eg’) 2 iig E;;ﬁ) Z lzig 8‘;’) i MRSA 674 (17)
nterococcus specles . . .
Pseudomonas Eeruginosa 223 (7) 4 116 (4) 7 339 (5) 5 Escherichia coli 482 (12)
Escherichia coli 197 (6) 5 117 (4) 6 314 (5) 6 Enterococcus spp. 467 (12)
Streptococcus species 66 (2) 11 212 (7) 5 278 (4) 7 Coagulase-negative staphylococci 340 (9)
Enterobacter species 142 (4) 8 858 (3) 8 230 (3) 8 Klebsiella spp. 246 (6)
Proteus species 131 (4) 10 75 (2) 9 206 (3) 9 Streptococcus spp. 242 (6)
Klebsiella pneumoniae, Klebsiella oxytoca 144 (4) 7 53 (2) 10 197 (3) 10 Pseudomionas aerugiriosa 168 (4)
Serratia species 137 (4) 9 47 (1) 1 184 (3) 11 Enterobacter spp. 161 (4)
Candida albicans 52 (2) 12 6 (0) 13 58 (1) 12 Other
Acinetobacter baumannii 29 (1) 13 23 (1) 12 52 (1) 13 .
Other Candida species or NOS 14 (0) 14 5 (0) 14 19 (0) 14 Fungi 12103)
Other® 226 (7) 15 197 (6) 15 423 (6) 15 Polymicrobial® 787 (20)
Total 3,316 (100) 3,258 (100) 6,574 (100) No pathogen identified” 566 (14)

e o Berrios-Torres et al. ICHE 2014:35:231. Baker et al. ICHE 2016:37:519.
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Foreign material
Tissue damage

ReV|eW — Amount of contaminatio

Virulence

Patho-
physiology

Surgical
Characteristics

Patient
Characteristics
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Review —
Risk Factors

Anderson et al. ICHE
2014:35:605-627.
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Risk factor

Recommendation

Intrinsic, patient related (preoperative)
Unmodifiable
Age
History of radiation

History of 55Tls

Modifiabde
Ghacose control

Oibesity
Smoking cessation
Immunosuppressive medications
Hypoalbuminemia

Extrinsic, procedure related (perioperative)

Preparation of patient
Hair remowval

Preoperative infactions

(perative characteristics

Surgical scrab (surgical team members'

hands and forearms)
Skin preparation
Antimicrobial prophylaxis

Timing
Blood transfusion

Chiice of prophylactic agent

Dration of prophylaxis
Surgeon skilltechnique
Appropriate gloving
Asepsis

perative time

OR characteristics
Ventilation

Traffic
Environmental surfaces

Sterilization of surgical equipment

Mo formal recommendation. Relationship to increased risk of 551 may be
secondary to comorbidities of Immunosenescence.™ "™

Mo formal recommendation. Prior irradiation at the surgical site increases
the risk of 581, likely due to tissue damage and woand ischemia ™

Mo formal recommendation. History of a prior skin infection may be a

marker for inherent differences in host immune function.™

Control semm blood glucose levels for all surgical patients, inchading pa-
tients without diabetes.”” For patients with diabetes mellitus, reduce
ghycosylated hemoglobin Alc levels to less than 7% before surgery,
if possible™

Increase dosing of prophylactic antimicrobial agent for morbidly obese
patients ™

Encourage smoking cessation within 30 days of procedure. ™™

Avoid Immune-suppressive medications in perioperative period, if possible.

Mo formal recommendation. Although a noted risk fuctor,™ do not delay
surgery for use of TPN.

)

Do ot remove unbess hair will interfere with the operation."” If hair re-
mival is necessary, remove outside the OR by dipping. Do not use
TIOrs.

Identify and treat infections (eg. urinary tract infection) remote to the sur-
gical site prior to elective surgery.” Do not routinely treat colonization
or contamination.

Use appropriate antiseptic agent to perform preoperative surgical
scrub.™ For most products, scrub the hands and forearms for 2-5
minutes.

Wash and clean skin around incision site. Use 2 dual agent skin prepara-
ticn contzining akcohol, unless contraindications exist.”

Administer only when indicated.”

Administer within 1 hour of incision to maximize tissue concentration™*

Blood transfusions increase the risk of 551 by decreasing macrophage
function. Reduce blood loss and need for blood transhusion to the
greatest extent possible. ™™

Sefect appropriate agents on the basis of surgical procedure, most com-
mon pathogens cansing 551s for a specific procedare, and published
recommendations.™

Stop agent within 24 hours after the procedure for all procedures.™

Handle tissue carefully and eradicate dead space.”

All members of the operative team should double glove and change gloves
when perforation is noted.™

Adhere to standard principles of OR asepsis."”

Mo formal recommendation in most recent guidelines. Minimize as much
as possible without sacrificing surgical technique and aseptic practice.

Follow American Institute of Architeds’ recommendations for proper air
handling in the OR.™"

Minimize OR traffic.

Use an EPA-approved hospital disinfectant to dean visibly soiled or con-
taminated surfaces and equipment.”

Sterilize all surgical equipment according to published guidelines.™ Mini-
mize the use of immediate-use steam sterilization.™

!c'




Risk Factors — Framework for Prevention

Pre-Op Pre-Op Surgical Post-Op Post-Op
Holding Procedure Day 1

 Age

+ Radiation Peri-Op « Wound care

* Infection _ : : DM

e« DM e Hair * Hypoxemia * Environment _

. Obesity « Skin prep « Duration « Sterile equip * Transfusion

e Smoking e Surgeon prep * Hypothermia * OR Traffic

* Nutrition « AMP » Transfusion » Technique
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STRATEGY 1
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Quiz #1 — How frequently are wounds
contaminated with bacteria during surgery?

2%
15%

40%
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50%

75%

100%
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Wound Contamination is Universal

Antiseptics and antibiotics cannot eliminate all
bacteria

20% of bacterial skin flora “hide” in skin appendages (e.g.,
sebaceous glands, hair follicles, sweat glands)

Experiments using human albumin microspheres .um.d s ==

prove that 100% of wounds are contaminated )

with particles from the patient
Endogenous contamination

dermis< ¢

All surgical wounds are contaminated during the ... | .

procedure slnd™
Largest contamination at time of incision fa.{
Wound contamination increases as the procedure progresses
Contamination comes from the patient

@ 2006 Encyelopsedia Britannica, Inc.

Tuazon CU. Am J Med 1984,;76:166. Wiley and Ha’eri. Clin Orthop Relat Res 1979:150.
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IS THERE SOME WAY TO
USE UNIVERSAL
CONTAMINATION TO
PROTECT AGAINST SSI17?
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STRATEGY 1 —
CUTANEOUS MICROBIOME
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Human Microbiome - What is it?

Community of microorganisms that share a location on the body

A few facts for you:
By some estimates, the average human has ~3 pounds of bacteria in/out/on their body
Microbial cells outnumber human cells 10:1
Significant variation between individual people
Important part of your health
Dynamic — changes from infancy to old age
Higher level (phylum) taxonomic features display temporal stability at specific anatomic sites

The newest organ?
Description is based on DNA sequencing

Duke Center for
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Oral cavity

Composition
Depends on
Location

Nostril

Skin
Cho and Blaser. Nat Rev

Genet 2012;13:260

H. pylori(+)

Vagina stomach

Actinobacteria
Firmicutes
Protecbactena
Bacteroidetes
Cyanobacteria
Fusobacteria
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Starts from Efact of
Birth rmk

Dental

exposures amalgam Bottle feeding
Environment =

* Antisepsis rTc:r,-.ll_ ’

* Antibiotics '

(pre-mastication of food)

* Diet

Other hosts Mammjary. through breastfeeding
. . {zalaction)

Epigenetics

Cutaneou
Cho and Blaser. Nat Rev _(mmt\:ith skin)

Genet 2012;13:260

Vaginal
k{pﬂmgﬂ through birth canal) J
Early-life
Early/ antibiotics
extensive
bathing Caesarean section
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Changes Over Time

Diet (your bacteria are what you eat)
Meat predominant

Increased bile-tolerant bacteria (Alistipes, Bilophila, Subject A gut Subject B gut
and Bacteroides)

A

Decreased Firmicutes -
Foodborne microbes from both diets transiently | s
colonized the gut actnobactai
Impact of lifestyle — some events can——

drastically change microbiome ety | o -

. . Horizon plot f ;__1—-:" - _-_'-h.—_-l_.

10,000 longitudinal measurements of human Al — = - |
wellness from 2 people over a year <V ", e e N
Microbial communities generally stable but -t ==
abrupt changes evident Comaa e e
Travel 5 l =—=—=C=0 S
Enteric infection (Salmonella) e

liness

— David LA et al. Nature 2014;505:559. David LA Genome Biol 2014;17:117.
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Diseases Assoclated with Specific Microbiota
Characteristics (Microbiome “Disruption’)

Psoriasis Increased ratio of Firmicutes to Actinobacteria
Reflux esophagitis Esophageal microbiota dominated by gram-negative anaerobes
Gastric microbiota with low or absent H. pylori
Obesity Reduced ratio of Bacteroidetes to Firmicutes
Childhood-onset asthma Absent gastric H. pylori (especially cytotoxin-associated gene (cagA) genotype)
IBD Increased Enterobacteriaceae
Functional bowel disease Increased Veillonella and Lactobacillus
Colorectal carcinoma Increased Fusobacterium spp.
Cardiovascular disease Gut microbiota-dependent metabolism of phosphatidylcholine
C. difficile colitis Decreased Firmicutes and Bacteroidetes, increased Proteobacteria
— Shreiner et al. Curr Opin Gastroenterol 2015;31:69.
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Modify the Microbiome to Improve Health

Perhaps a future component of “Precision Medicine” or

“Personalized Medicine”?
Cancer therapy based on genomic tests
Classify subpopulations of patients that differ in susceptibility or response to disease or treatment
Change to “of microbiome”?

Right now, modifying with broad strokes
FMT for recurrent C. difficile

Duke Center for

D
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More Precise Manipulation

Use nontoxigenic C. difficile (NTCD-M3) to prevent C. difficile

Infection
Phase 2, RCT, double-blind, placebo-controlled
173 patients enrolled, 157 completed therapy

Decrease in 6 week recurrence, particularly if remained colonized

NTCD-M3 Dosage

10* Spores/d 107 Spores/d 107 Spores/d
Events in Intention-to-Treat Placebo for7d for7d for14d All

Safety Population (n=43) (n=41) (n=43) (n=141) (n=125)
CDI recurrence, No. (%) 13 (30) 6(15) 2(5) 6 (15) 14 (11)
Unadjusted comparison .09 .002 .09 .003

with placebo, P value?

Adjusted comparison
with placebo®

0Odds ratio (95% CI) 0.4(0.1-1.2) 0.1(0.0-0.6) 0.4(0.1-1.2) 0.28 (0.11-0.69)
P value 11 .01 .10 006

Gerding et al. JAMA 2015;313:1719.
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Cutaneous Microbiome and Infection [z==

Bacteroidetes
== Cyanobacteria

Firmicutes

Cutaneous microbiome is diverse S

Surprisingly few studies on the impact of g

|
. . .
an tl b I Ot I CS . (Ea) External auditory canal 1
. (Na) Nare =1 Retroauricular crease (Ra) .
2

Disruptions lead to risk of infection owspuce @
Case-control study
25 patients with skin abscess
25 matched controls

Cutaneous microbiome of patients with infection was
different than uninfected controls, particularly if received
antibiotic therapy BEFORE abscess

Decreased diversity
Increased metabolic markers

(Ax) Axillary vault —/

(Ac) Antecubital fossa

rEEO

(Vi) Volar forearm —

(Id) Interdigital web spaie/

(Hp) Hypothenar palm

(lc) Inguinal creas;/ f_

(Um) Umbilicus

(Tw) Toe web space J_G @ /
Front Back —

W

Horton et al. JID 2015;211:1895.
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Cutaneous Microbiome and Infection

deded

0.68+ .
a ek

0.66+

0.64~

0.62+

0.60-

Unifrac distance, mean + SEM

Duke Center for
Antimicrobial Stewardship
and Infection Prevention

Q <
< <

Subject group(s)

AC-A

Metabolism

*Terpenoid backbone biosynthesis,

*Phenylalanine, tyrosine, and tryptophan biosynthesis!

Pantothenate and CoA biosynthesis,
*Lysine biosynthesis
Glycine, serine, and threonine metabolism

Genetic Information Processing

Environmental Information Processing

*Sulfur relay system
Protein export,
Homologous recombination)

*Other ion-coupled transporters

Metabolism

Phenylpropanoid biosynthesis

*Penicillin and cephalosporin biosynthesis
“Lipopolysaccharide biosynthesis proteins
*Cyanoamino acid metabolism

*Amino acid metabolism

3

Environmental Information Processing

Cellular Processes

*Pores ion channels,

Flagellar assembly
“Bacterial motility proteins
Bacterial chemotaxis

0

L] L
.0 0.8 1.6
Proportion, mean = SD

24

Horton et al. JID 2015;211:1895.




How Translate to SSI Elimination? ( )

Contamination iIs universal, so use to our benefit -

Microbiome-precision medicine

Screen cutaneous microbiome composition
If not “acceptable”
Eliminate or decrease pathogenic organisms
Increase (or add) “helpful” (non-pathogenic) organisms
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STRATEGY 2
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QUIZ #2 — BIGGEST Risk Factor?

Age

Obesity

DM

Smoking
Hair removal
Skin prep

AMP

Hypoxemia
Hypothermia
Sterile equipment
Surgeon technique
Wound care

y -
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Technique = Holy Grall of SSI Prevention

Believed to be the most important aspect of SSI prevention
Why important for SSI?

Duration

Tissue handling/trauma/dead space
Hemostasis/hematomas

Tissue debridement/necrosis/hypoxemia

Inevitable that some surgeons are better than others

No way to study “technique” AVERAGE
NO Controlled experiments PERFORMERS PERFORMERS PERFORMERS

Some studies on specific components, but not convincing evidence
Diathermy vs. scalpel
Suture technique

McHugh et al. J Hosp Infect 2011;78:1.

e Duke Center for
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Technigue Matters — Indirect Evidence

Surgeons who perform fewer procedures typically have worse outcomes
4552 patients with traumatic femoral fx
10 hospitals
Decreased rates in

High volume hospitals
Trauma surgeons (vs. general surgeons)

Hospitals that perform fewer procedures typically
have worse outcomes

18 hospitals

Small hospitals (<1500 procedures/yr) had worse rates of SSI

Emergence of “Centers of Excellence”
Movement of complicated care to specific locations o Suriet Volume (o, ofProcedure o

o =

=
o -

Risk of SS1/1100 procedures (95% Cl)
=)
o

o o
5] 3

Treskes et al. Injury 2017;48:339. Anderson et al. Ann Surg 2008;247;343.
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SO HOW CAN WE MAKE
SYSTEMATIC
IMPROVEMENT IN
SURGICAL TECHNIQUE?
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STRATEGY 2 -
ROBOTIC-ASSISTED
SURGERY
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What Is 1t?
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What Is 1t?

Computer-controlled device that can be programmed to aid in the positioning
and manipulation of instruments

3-dimensional camera system

Better ergonomics

Expensive, but increasing used

Minimally invasive technigue

Strategy increasingly used in multiple types of surgery
Colorectal, ENT, urologic, CT, breast, GYN, thyroid

Associated with better patient outcomes and satisfaction
Decreased pain
Less blood loss
Shorter recovery time
Shorter hospitalization

e Duke Center for
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Different Functions

PASSIVE ACTIVE
Autonomous Immersive

Pre-programmed movements Haptics (tactile feedback)
S _ Learn visual cues

UPETVISOry Teleoperated - Not at the table

Positioning system _
Telepresence - Not in the OR

Telestration - Teaching

Dual-console
Multiple surgeons

Y own

e Duke Center for
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Example 1

Lobectomy

Several methods of port
placement can be utilized

In general, place camera port
approximately 15-20 cm away
from surgical site

In general, instrument ports (#s
1 & 2) must be a 8-10 cm away
from the camera port

Can setup the 4th arm (robot
arm #3) to perform retraction

PP Duke Center for
(-% Antimicrobial Stewardship
— and Infection Prevention

Surgical Site

No Port Zone

Slides courtesy of Dr. Matthew Hartwig



Port
Placement

Camera port placed in the 8th-9th
intercostal space in the posterior
axillary line

One robot port placed one hands-
breadth anteriorly in the 5"-6t
intercostal space

Second robot port placed one

hands-breadth posteriorly and

superiorly in approximatély the
seventh intercostal space

12 step port placed between the
anterior incision and the camera in
the 8t-10t intercostal space

and Infection Prevention ) )
Slides courtesy of Dr. Matthew Hartwig




System
Position

PP Duke Center for
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Slides courtesy of Dr. Matthew Hartwig



Example 2

Robotic
Thymectomy
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Slides courtesy of Dr. Matthew Hartwig



Example 2

Robotic
Thymectomy

*Position patient on edge of
table

*Insert roll sub-scapularly to
allow patient shoulder to drop.

*Arm of patient positioned
below table in a sling.

*Roll table to provide proper
exposure of chest wall
(Approximately 30°)

*Bring Robot in from opposite
side

¥ a0 "6 Dule Center for
(-% Antimicrobial Stewardship
—— and Infection Prevention

Slides courtesy of Dr. Matthew Hartwig
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Impact on SSI?

First reports — NOT GOOD
Rates of SSI actually higher with RAS
Tertiary care center described first 273 uses — 16 (6%) SSls
GU/Prostate — 5.7 vs. 0.85
GYN—-10vs. 1.7
COLO-33vs. 6

Recent data suggests improves rates of SSI

g Hermsen ED et al. ICHE 2010; 31:822.
Duke Center for
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Decreased SSI

Obese patients undergoing

pancreaticoduodenectomy
N=474 in cohort

70% lower rates of SSI (adjusted) and other
improved outcomes

Case-control study of

laparoscopic procedures
26 Robot vs. 23 conventional

>50% reduction in SSI (unadjusted)

Radical prostatectomy
N=5908
4824 retropubic
1084 RA radical prostatectomy
80% reduction in SSI (unadjusted)

Meta-analysis of technique for
Kidney transplant (n=18)

Overall, minimally invasive techniques had
lower rates of SSI

RA kidney transplant rates practically zero

Girgis et al. HPB (Oxford) 2017;19:93. Law et al. J Hosp Infect 2011;77:364. Tollefson et al. Lap Robotics
2011;78:827. Wagenaar et al. Eur Urol 2017, in press.

e Duke Center for
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Decreased SSI

Cohort detailing the implementation of robotic colorectal surgery in a
community hospital

41 patients with open COLO and 38 RCS
Comparable patients

Robotic colorectal surgery took longer (222 vs. 141 min)
Hospital stay shorter after RCS (5.7 v. 6.7 days)
Significantly lower rates of SSI (11% vs. 29%, p=0.04)

Zawadzki M et al. Dig Surg 2017;epub ahead of print




How Translate to SSI Elimination? ( )

Make surgical technigue more systematic

Robotic approach can improve outcomes
More systematic approach to surgical technique
Less invasive
Ceiling is unknown (or ROOF?)

Barriers remain, but can be overcome
Learning curve

Additional training required (and credentialing?)
Both surgeons and nurses

No high quality data
Costs

CEILING.
ROOF.

Morth Carolina

oe 'y Duke Center for
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STRATEGY 3
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Risk Factors — Framework for Prevention

Pre-Op Surgical Post-Op
Holding Procedure Day 1
Peri-Op




Additional (Important) Component

Feedback

Pre-Op Surgical
Holding Procedure

Peri-Op




SENIC — Classic Study for IC

Series of publications
Early risk adjustment

Infection prevention program that includes feedback of SSI rates to

surgeons
Lower rate of SSI by 35%

Why does surveillance and feedback work?
Increased awareness

Anxiety
Introspection concerning systematic, procedural, or technical errors

Traditional approach
Provide summary data 1 or 2 times each year

Haley et al. Am J Epidemiol 1985;121:182. Wong ES. Surgical Site Infections. 3" ed.; Mayhall ed.

8:, Duke Center for
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Table, Stratified 551 data for Hospital A compared to DICON hospitals with greater than

1ot 4,000 total procedures.
Statl Stl Cal e Rate at DICON DICON

- NHSN RI 5Sis Procedures | Hospital A Mean P Value Median
Survelllance
Total i 300 2.33 2.78 0.85 3.21
0 0 58 0.00 217 - 0.93
1 5 193 2.59 2.22 - 2.38
>=2 2 45 4.08 4.48 - 5.99

Total Knee Replacement

Total 4 610 |C o0ss ) C o041 O] C 033 | 043

0 2 127 1.57 0.13 - 0.00

1 1 442 0.23 0.45 - 0.49

=2 1 4 244 147 - 1.60
Total Hip Replacement

Total 2 356 0.56 0.76 1 0.64

0 1 67 1.49 0.41 - 0.00

1 1 265 0.38 0.85 - 0.66

=2 0 24 0.00 1.61 - 1.40
Vaginal Hysterectomy

Total 1 176 0.57 0.98 1 0.48

0 0 94 0.00 0.56 - 0.00

==1 1 82 1.22 1.56 - 0.00

¥ 20 "6 Duke Center for
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Post-CABG mortality

5%

4%

Was the new protocol 3 1
effective in reducing
deaths? 2 -

1994 1995

* 9a 'y Duka Centerfor
(% Antimicro_bial Stewanilship
e’ and Infection Prevention Levett JM., et al. The Annals of thoracic surgery. 1999:68(2):353-8




Percent Mortality

@

Limitations of Standard Surveillance

s Requires aggregation

90

8.0

7.0 4

Trends often missed
Dilution of increases

60 o

50

yan Delay in detection of

40

\ 7 “*Increases

30 4

20

\X / ... SSl increases identified by
._._/ Surgeon
_____________________ P
L etecamay oo Dot t0iy o ID or other physician

Post-CABG mortality Micro lab

Duke Center for
Antimicrobial Stewardship
and Infection Prevention

Levett JM., et al. The Annals of thoracic surgery. 1999;68(2):353-8



STRATEGY 3 —
STATISTICAL PROCESS
CONTROL (SPC) CHARTS
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SPC Approach

Branch of statistics that uses time series . -
analysis s a'special cause

Commonly utilized in manufacturing

Analyzes variation in a process, i.e.,
separates “signal from noise”
“Common cause” natural variation
“Special cause” unnatural variation

Detects when process is “out of control”

00X

LCL

or is demonstrating improved control Time

Prior studies demonstrate can identify KQG = Key Quality Characteristic
Important increases prior to standard UCL = Upper Control Limit
Survelllan ce LCL = Lower Control Limit

X = Mean Score

e Duke Center for
(..;-.-.'.‘.) Antimicrobial Stewardship 7



Outbreak of PA in Norway (2002)

231 patients from 24 hospitals had outbreak strain
39 patients had BSI
71 died

Outbreak declared monoclonal and

national T

|

Institute of Public Health Contaminated mouth swabs
alerted all hospitals in Norway identified as source of outbreak

“T. Duke Center fo Walberg M.,et al. ICHE. 2008;29(7):635-41.

oc,
(...-;;..) Antimicrobial Stewardship 7



Shewhart
C O n t ro | Average (before 2002)

18 —— Upper and lower acceptance limit (before 2002)
< h art —— Upper control limit (before 2002)
16 —e—P. aeruginosa

— —Average (from 2002)

14 — — .Upper and lower acceptance limit (from 2002)
— — -Upper control limit (from 2002)

12| —---. Average (from 2002)

February 2011: Out of

control signal

1 signal above UCL 4\[\/\/ L\j v v\/\j' o \/

Monthly number of patients
® o
P
[~
7

P PP PR P EI PRI TSI H IS
3’0"\ %{EP\ %{3‘5 \_,\§ %QQ QG& 5‘2:(\ @{b‘- \x{a"\' 5‘5‘\ Q_,Q‘Q éo“ S‘b(\ \“3} \&(5\ \& cJ@Q Qo‘\ 5:52‘ \&‘b‘- @f(}\ \J\}\

S _ _
(% Bt o vearcahip Walberg M. et al. ICHE. 2008;29(7):635-41.
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G-type
®e]plife]
Chart

January 11, 2002: Out of
control signal

7th consecutive
observation below the
mean

¥ 20 "6 Duke Center for
(%) Antimicrobial Stewardship
— and Infection Prevention
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Number of days between observations

—— Number of days between
observations

—— Average number of days between
observations (before 2002)

— — Average number of days between
observations (from 2002)
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Outbreak of PA in Norway (2002)

231 patients from 24 hospitals had outbreak strain
39 patients had BSI
71 died

Outbreak declared monoclonal and

national T

|

Institute of Public Health Contaminated mouth swabs
alerted all hospitals in Norway identified as source of outbreak

“T. Duke Center fo Walberg M.,et al. ICHE. 2008;29(7):635-41.
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Outbreak Response

SSis

o € ente )
...-._;. Antimicrobial Stewardship

dentify by : Identify by
’ SPC Tradition

Outbreak
Begins

Post-Interventi

Duke Center for

and Infection Prevention

TOTAL
SSIs= 66

Outbreak
Period =
8 months

17

18




Use SPC Survelllance — Close the Loop

10

Identify by
° SPC :

TOTAL
SSIs=45

Outbreak
Period =
5 months

"

14 15 16 17 18

Outbreak

SSis

Post-Intervention
Duration
(4 months

1 2 3 4 5 6 7 8 9 10 11 12 13

e Duke Center for
(..;-.-...‘.) Antimicrobial Stewardship



Applied to Real Data

‘ *  Outbreak
&—-Jelected o,
2.0 *~ (12 months
Qutbreak . earlier)
. identified by SPC -
- methods .
o - A UCL

€ (%H mantﬁs% 3

Center Line 2

Standardized EWMA Value
=

0.0 - v
\/ Vo Outbreak duration \/ N/
05 . after identified by
. traditional
o . surveillance LCL
' . (12 months)
= S g 2 2 2 = = = = = = o a o o o
5 % & § &® % 5§ &® & 5 ®B & 5 & & 5 &
=z =& 5 Z &4 5 Z & 5z & 5z &4 5 3

s Antimicrobial Stewardship 7
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g

( s, ) Duke Center for




Optimized SPC Methods

Goal; identify charts with high sensitivity and acceptable
specificity

Retrospective review of 12 years of data from 49 Mﬁ_ N
hospitals oale Ny,

>1.2 million procedures = \\
Evaluated using 50 different SPC charts 7 Y\ &,

Weighted average, baseline window, lag, etc. 5 I NN

3,600 variations TONO TN
Compared ability of SPC chart(s) to identify important .| i S S
Increases in SSI compared to “gold standard” (review ., e e
by epidemiologist) L S

Reviewed 2,711 signals in derivation and validation phases Sensithity

) Duke Center for

Antimicropia[ Stewardship 7
B _



Final Optimized Approach

Cﬁ)mtbination of two charts — look for signal generated by EITHER (“OR”)
char

DICON Window Window Avg Control Chart

Chart baseline size lag param limits type Sens Spec
A Yes 12 12 12 1 MA 0.90 0.57
B No 3 6 0.4 1 MA

In preliminary application to retrospective data, found 80% of “important
Increases” prior to standard surveillance

As of March 2017, we began a RCT with stepped-wedge design in 29
DICON hospitals

e Duke Center for
(..;g.“.) Antimicrobial Stewardship e I"“*
9:® / and Infection Prevention g ’




How Translate to SSI Elimination? § )

CLOSE THE LOOP -

ldentify important increases earlier = Start improvement processes earlier = Decrease in SSI

Some technical challenges, but not many
SPC alerts can be automated

Uncertain of “acceptable” rate of false positive signals
Time and effort required to investigate signals

Can be coupled with other strategies to improve detection and

surveillance
Coded data
Clinical data

Duke Center for

o,
(...;-'.-...‘.) Antimicrobial Stewardship



Take Home Points

Pre-Op Surgical
Holding Procedure
Peri-Op
oe 'y Duke Center for
(...';'.) Antimicrobial Stewardship -
2% 7 and Infection Prevention — ',!




Take Home Points

We may have plateaued with current approaches to SSI prevention
Perhaps rates are improved, but still too common (and not ZERO)
Need to pursue new ideas

| believe these three novel strategies are promising and worth
pursuing
| don’t know if they will pan out
FAIL vs. superceded
| don’t know how long it will take for them to become widespread

Regardless, it will be an interesting ride!

Duke Center for

D
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QUESTIONS?
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