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Disclosures

▪Lineage Medical – content editor, investor

▪Smith & Nephew - consulting

▪Depuy – course teaching

▪I am a junior faculty member at an academic practice….

• Infections find me
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Propensity for attracting infections
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“Pus Boy”



Outline for Today

▪Can less be more?

▪A move away from 2-stage only

•1-stage vs 2-stage exchange

•DAIR (I&D) vs 2-stage exchange for complex TKA PJI

▪How to do a modern single stage procedure (for DAIR, 1Stage, or 
spacer)

•Adjunctive techniques with and without proof
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What defines Periprosthethic Infection: 
MSIS INFECTION CRITERIA

• Sinus tract communicating with the prosthesis or Positive Culture 

on 2 separate tissues or fluid samples or

• Three of  the following 5 criteria exist

• ESR > 30 + CRP>10

• Synovial WBC > 2000

• Synovial PMN’s >75%

• One positive culture

• > 5 Neutrophils in 5 high power histologic fields



Important updated cutoffs:2018 “Parvizi” Criteria
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Periprosthetic Joint Infection worse than many Cancers
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85% success at mean 12 year f/u 

Generally accepted 80-90% success of 2-stage exchange arthroplasty**

2 Stage - Historically Good Results
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86% Success Rate

J Bone Joint Surg 89-A, June, 2007



3months (minimum) limited functional ability

-Restricted WB

-Articulating spacers better

Physiologic stress of two big procedures in often frail patients

-Replant higher EBL than other revision diagnoses (Goel JoA 2018)

Falling through the cracks

-Retained spacers (5-15% reported)

-Mortality after 1st stage

-Depression/anxiety of PJI – equivalent to oncologic diagnosis (Walter 2021)

Could we get as good of results with less? 

-What about a 1-stage exchange?

-Already using “real implants” in spacers

Morbidity of  2-Stage Exchange
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▪ 100% Success rate

▪ 11 Periprosthetic Hip Infections

▪ 28 Periprosthetic Knee infections

▪ 5 year f/u

▪Exclusion criteria

- Significant comorbidities

- Resistant organisms 

- Presence of sinus tract

- Peripheral Vascular disease 

EUROPEAN ONE STAGE STUDIES



EUROPEAN ONE STAGE STUDIES

• 70 patients minimum 9 year f/u

• All comers unless unknown organism preop 

• Radical resection of  bone and capsule/ligaments

• Hinged implants used exclusively - 93% infection free

• 16% lost to f/u              32%

• 16% loose implants



Need a prospective randomized multicenter study of all comers*

*Not revision, not immunocompromised, not fungal…

WHAT DO WE DO FOR THESE?



OREF SPONORED STUDY 

• Prospective randomized 
multicenter study One stage vs. 
Two stage treatment for 
Periprosthetic hip & knee 
infections

▪OrthoCarolina

▪UCSF

▪Rush

▪Vanderbilt

▪Cleveland Clinic FLA

▪University of Utah

▪USC

▪Univ. of Iowa

▪Emory

▪Ochsner Clinic

▪Carilion Clinic

▪Rothman

▪HSS

▪Cleveland Clinic                                           



ONE STAGE vs. TWO STAGE STUDY

Inclusion Criteria

▪Primary TJA infection

▪ Infection/MSIS criteria

▪Known organism

▪Resistant organisms

▪Previous I & D ok

▪Reprep/Redrape Protocol *

▪All hosts classified / MSIS criteria

▪Powered at 305 patients (met numbers)

▪Prolonged post-op abx protocol

Exclusion Criteria

▪Fungal Infection

▪ Immunosuppressed patients

▪Extensive soft tissue defect

▪Revision surgery

Cant share specifics but 

encouraging early results in both 

groups!



▪ 30 patients average 8yr f/u after 
1stage exchange for strep PJI

• 50% revision rate at average 5 
years

• 20% reinfection same organism

Longer Term European Data (ENDO-Klinik) – Take Pause
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▪ 40 patients average 6yr f/u after 
1stage exchange for enterococcus PJI

• 55% revision rate average 2yrs 
postop

• 37.5% reinfection rate – majority 
different organism

▪Persistent drainage and prior infection assoc with failure 



▪Pus doesn’t pay

▪Academic centers bear the brunt of the 
burden

Future problems… payers need to catch up
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Primary TJA 1 Stage Exchange

Time Reimbursed $/hr Time Reimbursed $/hr

THA 104min $2754 $1589/hr 311min $2826 $545/hr

TKA 100min $2435 $1461/hr 259min $2597 $601/hr



▪Only offer if enrolling in study

• Not enough data otherwise to justify in my mind 
yet

▪“pseudo” 1-stages (1.5 stage coined by Duke group) 
can walk around on spacers….

▪Arguments that don’t work for me 

• “Well,.. patient really doesn’t want to do a 2 stage”

‒ No one wants a 2 stage…

• “Patient was really sick so don’t think they could 
tolerate a 2 stage”

‒ 1 stage bigger more involved procedure with 
potentially higher risk of failure

• This what RCT is for

1-Stage in my practice
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Not All Things (Knees) Are Equal



Not All Things (Knees) Are Equal



Morbidity of Resection



Where does I&D belong ?

I&D

1-Stage 2-Stage

ResectionAmputation

Suppression



Failure – 84%

Reinfection Rate – 61%

Historical Overuse of  I&D in Arthroplasty

Strep Failed - 71% 

Other Organisms - 67%



I&D hired a new marketing team
DAIR – Debridement, Antibiotics and Implant Retention
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90% success for acute (<90days)

60% success for chronic infections

Consensus DAIR reasonable choice for acute 

infections 

Inconclusive on number to attempt, duration of  

antibiotics, type of  antibiotics11-100% success….



Walking Tightrope

1 or 2-STAGE

(+)? Higher cure rate

(+) No chronic 
antibiotics

(-) Morbidity of 
resection and 
replantation

Goal = cure

DAIR

(+) Less physiologically 
demanding

(+) Less morbid recovery

(-)? Lower cure rate

(-) biofilm remains

Goal = control and 
suppression



What about these 
patients?

“Too Big to Fail?”



Are periprosthetic joint infections of TKAs with extensive hardware better 
treated with 2-stage exchange arthroplasty or I&D with modular component 
exchange 

•Reoperations for infection

•Mortality

•Functional outcomes



Must have at least 1 of following:

‒ Megaprostheses/distal femoral replacements

‒ Metaphyseal Cones or Sleeves

‒ Cemented stems >75mm

‒ Periprosthetic fracture hardware

“Extensive” Hardware 
derivative of  unresectable or maybe shouldn’t be resectable



▪2 year:

•74% Two-stage

•60% I&D

▪5 year:

•53% Two-Stage

•57% I&D

No Difference in Survival Free of Reoperation for Infection



Morbidity – Ambulatory at Last Follow-up

I&D (55pts) Two-Stage (34pts) p-value

Ambulatory 39 (70.9%) 20 (64.7%) 0.26

No assistive devices 27 (49.1%) 11 (32.4%)

No difference in ambulation rates
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I&D 2STAGE

KNEE STATUS FINAL 
FOLLOWUP

Functional Joint Nonfunctional Joint
▪More patients with 
I&D had a functional 
knee joint at final 
follow-up (p=0.002)

▪9/39 (23%) 2-stage 
cases were never 
reimplanted

▪50% of 2-stage end 
up fused, amputated 
or retained spacer



▪2 year mortality

• I&D – 10%

• 2Stage – 19%

▪5 year mortality

• I&D – 32%

• 2Stage – 29%

No difference in 
survival

Mortality I&D (55 

patients)

Two-Stage (34 

patients)

p

Deceased 22 (40.0%) 13 (38.2%) 0.83

Mortality <1 year 3 (5.0%) 5 (15%)



▪ONLY for knee PJI with extensive hardware

▪Do NOT extrapolated to chronic infections of primary 
or simple revision implants as excuse to do I&D

• Still best treated by 2-Stage Exchange (or 1-stage?)

Caveat



▪The solution to pollution is dilution

• 1950 environmental policy

• Current orthopaedic surgeon

The Art of  the DAIR
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▪Two full setups (Dirty and Clean)

• Dirty table: debridement stuff, explant tools, cutblocks, and trials

• Clean table: new full setup (drapes, gowns,retractors, power, bovie etc), 
implantation tools, closure instruments 

How I (ideally) do a DAIR, spacer or 1stage
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Because its never “your” 

team when its spacer time….



▪ Remove components (liner vs everything)

▪ THOROUGH debridement including posterior synovium if a knee – ENDO 

▪ New cuts/trial

▪ Irrigate

• 3L Saline

• 100cc H2O2 in 100cc of sterile water x2 mins (wipe down surroundings and instruments with 
the mix while waiting)

• 3L Saline

• 0.3% betadine soak x3 mins (packet from foley or spinal kits in 500cc saline)

• 3L Saline (rest of team go change gloves/gowns)

CLEAN

▪ New drape and gown/gloves (whip closure and reprep for 1v2stage protocol)

• New stockinette/coban to below knee

• Extremity drape over top

• Reprep ioban exposed

• 3 L wash again

▪ Final implants then another 1-2L then closure
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How I (ideally) do an I&D, spacer or 1stage



Irrigations Options

▪Normal Saline

▪Bacitracin

▪Castile soap

▪Benzalkonium chloride

▪Povidine iodine

▪Ringer’s solution

▪Neomycin sulfate

▪Ethanol

▪Acetic acid

▪Chlorhexidine gluconate

▪Cephalothin sodium

▪Carbenicillin indanyl sodium



▪Chlorhexidine, betadine, and peroxide all seem to be ok together

▪Don’t put Dakins hypochlorite (NaOCl) with any of the above however as create toxic precipitates

▪Most of the studies in TJA

• Betadine bad for cartilage even 0.3% @ 1min chondrotoxic

Not necessarily universally applicable 
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The Role of  Suppressive Abx



Chronic Suppression ≠ Failure

Mo’ metal, mo’ problems



My Practice in Nutshell

▪Acute postop or hematogenous* PJI (~4-6 weeks 
for postop and ~4 weeks max for hematogenous)

• Primary or revision components

‒ DAIR (I&D) with full double setup

▪ Component exchange of anything not 
ingrown yet

▪ 4-6 weeks IV

▪ Lifelong suppression if any retained foreign 
materials

▪Other adjuncts not covered to consider:

Incisional wound vacs for all infection cases, 
resorbable abx beads in DAIR, topical 
antibiotics, prolonged abx post-reimplantation 

▪Chronic infection

• Primary implants

‒ 1v2 stage exchange (study)

‒ If not eligible for study → 2 stage

▪ Articulating spacers except extreme 
circumstances

• Revision implants

‒ 2 stage vs DAIR (I&D) with lifelong 
suppression
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The Sobering Truth

▪We may never completely “cure” PJI – maybe best we achieve is equilibrium
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Bacteria
Host Immune 

System +/-

Abx





Why is Optimization Important?
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1. Periprosthetic joint infection is deadly

2. Hold off on widespread 1-stage exchange until RCT data finalized (very close!)

3. DAIR and 1-stage success data is technique/protocol dependent

• Know indications

• Do at a minimum a pseudo double setup

• Don’t be afraid of chronic suppression

4. PJI with extensive hardware may be better served with DAIR than a morbid 2-stage

5. Easiest way to improve our outcomes – prevention/optimization

Take Home Points
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There will be pus….
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