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Lew DP & Waldvogel FA. Osteomyelitis. Lancet 2004, 364:369-79.






Procedures per 1,000 Members
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PLANNED KNEE REPLACEMENTS

- 4%

| DN .
2010 2017

AGE 35-44

Planned knee and hip replacement surgeries are ontherise in the U.S. (Blue Cross Blue Shield)

+11%

[ 1|

2010 2017
AGE 45-54

+18%

2010 2017
AGE 55-64
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& BG Klinikum Osteomyelitis

Hamburg

The patient’s risk factors:

- age > 65 years

- obesity, malnutrition

- nicotine / alcohol dependency
- chronic diseases (cardio-vascular, allergies, circulatory disorder)
- Diabetes mellitus

- low immunity, immun-suppressive therapy

- rheumatic diseases

- accompanying infections (bladder, pneumonia..)
- damages caused by radiation

- catheter, artificial ventilation, hospitalization




REDUCING THE RISK FOR POSTOPERATIVE INFECTION

Prevention of surgical site infections

Minimi . f . ived . + Diabetes control (HbA1c <7%)
Inimization of perioperativeauration » Exclude other infectious foci « Maintain good general
. . (dentist, skin, blood, x-ray, urine) and oral health
Lessinvasiveapproach + Regular follow-up
Use of antibiotic-loaded PMMA cement « Antiseptic body wash (decolonisation) (clinical exam, x-ray)
_ o + Blood tests (leukocytes, CRP)
Intraoperativecomplications  Moriotng
Tvpe ofimplant . Periope_rative _ incision site
yp P antibiotic prophylaxis
Optimization of indication for surgery
) ) ) ) . * Hair removal (if necessary)
Point of time of surgical intervention « Preop. skin disinfection
Rao N, etal. J Arthroplasty 2010 Weeks Days _ Hours Days  Weeks Years
Parvizi J, et al. Acta Orthop 2011 | | | |:0P> I | l
BG Klinikum, Hamburg , Osteomyelitis T T
+ Atraumatic surgery « Removal of drains and urinary
* Maintain body temperature catheter (if placed)
* Limit person fraffic in OR « Wound care & monitoring

Allegranzi B, et al. New WHO recommendations on preoperative measures for surgical site infection prevention:
an evidence-based global perspective. Lancet 2016



KATHIOPIA XPONIKH ENAP=H | KYPIA NMAGOI'ONA AITIA | KAINIKH EIKONA
AOIMQ=EQ2 META THN
ENMEMBAZH
Mpwiun <2-4¢B>5 S.aureus 2UVABWG oUPTITWHATA / oNpEia ogeiag
METEYXEIPNTIKN (early) Streptococcus spp CP)\*ZYHOVF'IQ( WUQSTOQ, pI'YOQ,TOjIKd
- otsia Gram apvnTIKd onueia @Aeypovng kal dlarapaxng
- uTroéeia BakTnpiSIa ETTOUAWONG OTO OEPUA N TNV TTEPIOXN TNG
np ’ ) TOMNG), OPYOVWHEVEC CUAAOYEC
Coagulase negative
Staphylococci )
Ev3idueong > 4 ¢Bdop — 10 €BS | Coagulase negative ABANXpATEPN EIKOVA, ETTIHOVO I
XPOVIOTNTOG KAl Staphylococci, emdevoUevo dAyog, duokauyia,
) . o .
Oyiun xpovia > 10 £Bd Propionibacterium spp, | 00Ha, TTUPETOG <30%, mBavig
(delayed) S, qureus oupiyylo, HE 1 XWPIG XaAdpwan
y A. B Baxr Bpavon Tou UAIKOU, PeuddpBpwon
vagpofia BakTipia
Oyiun aipatoyevig | > 2 €Tn Streptococcus spp Ogeiag r utrogeiag evapgewg gAeydovn,
(late) - o&eia S.aureus duoA&IToupyia YIGS apBpwang TTou
- xpovia Gram apvnTIKG TIPONYOUUEVWG AEITOUPYOUOE KOAWG,

BakTnpidia (E. coli)

OUVODOG I ATTOPEUAKPUOHEVN AAAN TTNYNA
AOINWENG TTX aTTO dEPUA, OUPOTTOINTIKON
QVOATTVEUOTIKO oUOTNUA, 000VTEGH

META a1Td ONnWwn, Yeuddpbpwon

Zimmerli W, Sendi P. Orthopaedic biofilm infections. APMIS 2017, 125:353-64




Epidemiology and Microbiology
Incidence Rate of Prosthetic Joint Infection at
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BIOFILM MATURATION
acute -2 chronic

early / acute infection

¢ PMNs
pro-inflammatory cytokines

——p D Cterial clearance
phagocytosis, ROS, NOS, NETs

c
c S)
O M1 Mdé ‘@
= Lblmmune compromised environment ineffective bacterial killing §
£ “frustrated” phagocytosis inflammation induced tissue damage / osteolysis |
S host cell exhaustion / death e S A AT =
£ bacterial adaption P o
f._s-_s immune recognition |, MZ Mdb '::;-
o A anti-inflammatory cytokines tolerance / =

o (0 IL-10, Arg-1, TGF-B, fibrosis  bacterial persistence

() MDSCs
 chronic infection L— T cells Role of T cells?

Seebach E & Kubatzky KF. Chronic implant-related bone infections—Canimmune modulation be a therapeutic strategy? Front Immunol 2019, 10: 1724.



INTERNATIONAL WOUND INFECTION INSTITUTE

Contamination? Colonisation® | Local infection Spreading infection™ * | Systemic infection” 4
All wounds may Microbial Covert (subtle) signs of local Overt (classic) signs W Extending in W Severe sepsis
acquire micro- species infection:? 23 of local infection:* " duration W Septic shock
organisms. |f suitable | successfully W Hypergranulation Lol +/- erythema 0 Organ failure
nutritive and physical | growand (excessive 'vascular’ W Erythema M Lymphangitis " Death
iconditions are not divide, but tissue) W Local warmth W Crepitus

available for each donotcause | M Bleeding, friable W Swelling ® Wound

microbial species,or | damage to granulation B Purulent discharge breakdown/

they are not able to the host or M Epithelial bridging and B Delayed wound dehiscence with

successfully evade initiate wound pocketing in granulation healing beyond or without satellite

host defences, they will | infection tissue expectations lesions

not multiply or persist;
heir presence is
herefore only transient

nd wound healing is
not delayed 1

B Wound breakdown and
enlargement

W Delayed wound healing
beyond expectations

M New or increasing pain

M Increasing malodour T

M New orincreasing
pain

W Increasing
malodour

B Malaise/
lethargy or non-
specific general
deterioration

Surgical site

|
I

Wound

Clinical suspicion

1
|

Early diagnosis

Loss of appetite
[ mation,

Immediate intervention
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RADITIONAL LABORATORY METHODS

Microscopy

* Histology needed to confirm infection, but positive results may support empirical
therapy while waiting for histology results in rapidly evolving cases

= May allow presumptive diagnosis of mucormycosis (ribbon-like, irregular, non-
septate/pauci-septate, non-dichotomous branching hyphae) vs.
aspergillosis/fusariosis (septate, dichotomous branching hyphae of uniform width)

\- Does not allow genus/species identification and susceptibility testing

.

Culture

* Reduced sensitivity and reduced specificity (non-sterile, contaminated wound)

* Positive results may support therapy in rapidly evolving cases with necrotizing
lesions and hemodynamically unstable patients

* Essential since it allows species identification and antifungal susceptibility testing

Histology
= It allows proven diagnosis of invasive mold infection of post-traumatic wound

* Detection of necrosis, white blood cells infiltration, and angioinvasion

* It allows presumptive diagnosis of mucormycosis (ribbon-like, irregular, non-
septate/pauci-septate, non-dichotomous branching hyphae) vs.
aspergillosis/fusariosis (septate, dichotomous branching hyphae of uniform
width), further supported by possible identification through

\ immunohistochemistry or polymerase chain reaction techniques, where available

N




TRADITIONAL LABORATORY MARKERS

Number of circulating WBCs and neutrophils = l specificity
C-reactive protein and Erythrocyte sedimentation rate (ESR) = 1sensitivity

Sequential measurements of CRP - disease and therapy monitoring

Normal CRP and ESR levels are a strong indicator of absence of infection.

Shuman E, et al. Infect Dis Clin N Am 2012
DelPozo JL, etal. N EnglJ Med 2009



IMAGING

 Ultrasound -> Fluid = Aspiration

* Plain X-ray = “Most important source of information”

« CT - Bone necrosis (sequestrum and involcrum) and biopsy

« CT + contrast - Effusion / Absess

« MRI - Bone marrow edema and soft tissue involvement extent
« PET-CT - implant associated - disease activity plus anatomy
« Scintigraphy (Tc, Ga, In) - TSensitivity, 1Specificity

AO Principles of Fracture Management _ Acute and chronic infections (2017)
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IMAGING

“You only see what you look for...
and you only look for what you
know...”

Learning Radiology (2"9 edition)



MEPINPOOGETIKEZ AOIMQZ=EIZ

* TouAdxioTov 3 - 6 ICTIKA KOl OCTIKA dgiyyaTa atrd TNV TTEPIOXK) OIETTAPARS TOU UAIKOU.

 OXlI AMyn KaAAlgpyEiwWV PE OTUAEOUG!

American Academy of Orthopaedic Surgeons. The diagnosis of periprosthetic
joint infections of the hip and knee, guideline and evidencereport, 2010

* |OTIKR} OJOYEVOTTOINOT TWV JSEIYNATWY TTPOo KOAAIEpYEIaG = AuEnuévn d1ayVWOTIKNA
IKOVOTNTO

Redanz et al. DMID 2015



MIA MONAAIKH OETIKH KAAAIEPI'EIA
[MOANOTATA AZIOAOIEITAI E®O2ON YIAPXEI:

* [DiaiTepa TTABOYOVOC PIKPOOPYAVIOUOC TTX
Staphylococcus aureus

* [1ePITTPOBETIKO TTUWDEC £CidpWHA
« 2UPIYYIO MEXPI TNV ApBpwaon
« Tayeia avarTu¢n TTaboyovou oTnv KaAAIEpyEla

« @¢eTikny Gram xpwaon

Shuman E, et al. Infect Dis Clin N Am 2012



The NEW ENGLAND JOURNAL of MEDICINE

ORIGINAL ARTICLE

Sonication of Removed Hip and Knee
Prostheses for Diagnosis of Infection

Andrej Trampuz, M.D., Kerryl E. Piper, M.S., Melissa J. Jacobson, A.S.,
Arlen D. Hanssen, M.D., Krishnan K. Unni, M.D., Douglas R. Osmon, M.D.,
Jayawant N. Mandrekar, Ph.D., Franklin R. Cockerill, M.D.,

James M. Steckelberg, M.D., James F. Greenleaf, Ph.D., and Robin Patel, M.D.
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Journal of Improved Diagnosis of Periprosthetic Joint - - - -
Infection t-T?MuItiple:{ PCR of Sonication The 2010 Award of the Swiss Society of Hospital Hygiene

Clinical Microbiology -
o | o Fluid from Removed Implants (SSHH) & the Swiss Society for Infectious Diseases (SSI)

yonne Achermann, Markus WVogt, Michael Leunig, Jirg
Wiist and Andrej Tr.

L Clin. Microbiod. 200, 48(4)-1208. DOH:

101128 NN 0000610,

Published Ahsad of Print 17 Febnuarny 2040,

Molecular techniques for diagnosing prosthetic joint infections
John C.Hartley* and Kathryn A. Harris J Antimicrob Chemotherapy 2014

Department of Microbiology, Virology and Infection Prevention and Control, Great Ormond Street Hospital for Children NHS Foundation
Trust, Great Ormond Street, London WCIN 3JH, UK

Prosthetic Joint Infection Diagnosis using Evaluation of the FilmArray® Blood Culture (BCID) Panel on Biofilms Dislodged from
Broad-Range PCR of Biofilms Dislodged
from Knee and Hip Arthroplasty Surfaces

Explanted Arthroplasties for Prosthetic Joint Infection Diagnosis

using Sonication 123 | , _ )
. Shawn Vasoo, =~ Scott A Cunningham ” Kerryl E Greenwood-Quaintance,

Eric Gomez, Charles Cazanave, Scott A. g v

Cunningham et al, Mayo Clinic, USA Jayawant N Mandrekar,* Arlen D Hanssen,” Matthew P Abdel ® Douglas R Osmon,’

Journal of Clinical Microbiology 2012
Elie F Berbari,’ Robin Patel™?




International Journal of Infectious Diseases 99 (2020) 108-116

Contents lists available at ScienceDirect

= - - -_.'.;-.;..-.-..._::_ INTERNATIONAL
International Journal of Infectious Diseases o Y crious
pAChe DISEASES
journal homepage: www.elsevier.com/locate/ijid
Detecting the presence of bacteria in low-volume preoperative )
aspirated synovial fluid by metagenomic next-generation | Sl

sequencing

Xinyu Fang?-!, Yuanqing Cai?'!, Tengbin Shi?, Zida Huang?®, Chongjing Zhang®, Wenbo Li?%,
Chaofan Zhang?, Bin Yang®, Wenming Zhang®*, Zhenpeng Guan®**

2 Department of Orthopaedic Surgery, The First Affiliated Hospital of Fujian Medical University, Fuzhou, China
b pepartment of Laboratory Medicine, The First Affiliated Hospital of Fujian Medical University, Fuzhou, China
< Department of Orthopedic Surgery, Peking University Shougang Hospital, Beijing, China

Diagnosing Periprosthetic Joint Infection Clinical Orthopaedics
Has the Era of the Biomarker Arrived? E'I.['ld REIHtEd RESEﬂl'EhH

A Publication of The kezactadon of Bors: and b Samooes®

Carl Deirmengian MD, Keith Kardos PhiD,
Paitrick Kilmartin, Alexander Cameron, Kevin Schiller,
Javad Parvizi MDD




KPITHPIA AIANQzHZ MNMEPIMPOOGETIKHZ AOIMQ=Hx

. ZUPIYYIO, TTOU ETTIKOIVWVEI JE TNV TTEPIOXN TWV ePQUTEUNATWY (B-I)

Moov EPIC TNC apBpwaocwc/apBpottAacTikng (B-III)

loToAoyIKR atrodeIgn oceiag PAEyUOVNC TWV TTEPITTPOBETIKWYV 10TWV (B-II)

. ATTopOVWwaon Tou idIoU HIKPOOPYAVIOHOU OTTO TOUAAXIOTOV OUO KAAAIEPYEIEC
- a1rd uypo apBpokEvTnong N
- atrd dIEYXEIPNTIKA TTEPITTPOOETIKG Ociyuara (B-III)
n
atrouovwaon 101aiTepa TTaBoyovou PIKpoopyaviopou TTX S.aureus atro pia KaAAIEpyEla
- a1t uypo apBpokEvinong N
- amrd TTEPITTPOBETIKO 10TO dieyxeipnTiKa (B-IHI)

5. PJl ytropei va ugiotaral, akoun Ki av 1a KpItipia auta dgv ekttAnpouvral (B-11I)

IDSA Guidelines, CID 2013
Del Pozo J, Patel R, et al. N Engl J Med 2009



DIADNOSTIC CRITERIA FOR PJI

Major criteria (at least one of the following) Decision

Two positive cultures of the same organism

Sinus tract with evidence of communication to the joint or visualization Infected
of the prosthesis

Minor Criteria Decision
'§ & | Elevated CRP or D-Dimer 2
: B
.c.:'! v | Elevated ESR 1 >6 Infected
(%]
= Elevated synovial WBC count or LE 3
I — =4 e 2-5 Possibly Infected ®
@l < | Positive alpha-defensin 3
=) o
&’ ug,; Elevated synovial PMN (%) 2 0-1 Not Infected
Elevated synovial CRP 1

Inconclusive pre-op score or dry tap ® Decision

Preoperative score = =6 Infected

Positive histology 451 lusive P
-5 Inconclusive

Intraoperative
Diagnosis

3
Positive purulence 3
2 <3 Not Infected

Single positive culture

Parvizi J, etal. The 2018 definition of periprosthetic hip and knee infection: An evidence-based and validated
criteria. J Arthroplasty 2018, 33:1309-14 (MSIS)



DIADNOSTIC CRITERIA FOR PJI

Bone biopsy remains the gold standard method for the identification of the pathogen causing PJI
(Level of evidence 4)

Sinus tract and purulent discharge are clear signs of prosthetic joint infection (Level of evidence5)
Antibiotic therapy should be discontinued before biopsy (Level of evidence 5)
In case of fever, blood cultures should always be performed in patients suspectedto

have prostheticjointinfection to identify the causative bacteria (Level of evidence4)

CRP, ESR, and WBC counts should always be performed in patients suspected of
having peripheral bone infection for diagnostic purposes (Level of evidence 4)

Glaudemans AWJM, etal. Consensusdocumentforthe diagnosis of peripheral boneinfectioninadults: ajoint
paper by the EANM, EBJIS, and ESR (with ESCMID endorsement). Eur J Nucl Med Mol Imaging 2019, 46: 957-70
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AMERICAN ACADEMY OF ORTHOPAEDIC SURGEONS

Minor Criteria:
Culture

Major Criteria:
. Sinus tract communicating with the

joint e, Leukocyte Esterase
. Synovial White Blood Cell Count
. Synovial Neutrophil Percentage
Normal ESR and CRP History
AND - Physical Examination (PE) Presence of Major f—
Low Probability of Infection X-Ray (Joint Specific) Criteria
(based on history/PE/X-ray) Serology (ESR and CRP)
Abnormal ESR and/or CRP
OR
Higher Probability of Infection
(based on history/PE/X-ray)
without major criteria
Culture Positive and
W One Positive Minor
¢ All minor f:riteria Joint Asplration Criteria —
negative OR
Minor Criteria 2 3
Positive
No Fluid
OR
Culture Positive Without Other
Positive Minor Criteria
OR
One or Two Positive Minor Criteria
OR
Clinical Suspicion Persists without
Positive Minor Criteria
All minor criteria Repedt Aspiration CU"CU"(!JF';OSIUVG
j€— % = With Addition of AFB/ " v —>
negative Minor criteria 22
Fungal Cultures 2
I positive
No Fluid
OR
Culture negative and only one
minor criteria positive
3 & \ 4
Infection 5 — Biopsy o Infection
Unlikely [ ML RE (Micro AND Histology) Rositve P Likely

AO
Recon

Adapt. By
Trampuz A.,
Charite, Berlin.
Pro-implant
foundation_Co
urse for
Prosthetic
implant
infections 2020

DIAGNOSTIC ALGORITHM

+ Clinical examination
+ Laboratory testing (CRP)

+ X-ray (prosthesis)
A ] yes Immediate joint aspiration and
| Sepic palient? | blood cultures (BC)
no
no Sinus tract (permanent or | yes ' | BC positive ] | BC negative |
temporary)? Pry
' Hematogenous Contiguous
Joint aspiration: infection: search | infection: search
—! - Leukocyte count/differential for distant focus: || for adjacent
- Microbiology (culture) - TEE (vegetation) focus:
+OPG +Examination of
«Intravascular skin (cellulitis)
device (central || »Imaging of
line, port, abdomen/pelvi
Leukocyte count or culture e Septic m'm ICD/pacemaker) (a:be;cess)F:l';td.Yls
consistent with infection?’ i wﬁ " ics® | | Urinalysis spine (vertebral
+ X-ray of lung osteomyelitis)
~ Consider other reasons:
- Aseptic loosening
- Periprosthetic fracture
no | - Dislocation
Other reasons excluded? ] - Muscular pathology
- Wear of bearing
components
o - Metallosis
- Other
Persistent suspicion of
infection* or high level of [ Consider arthroscopic or
suffering? open biopsy*
no

|| Repeat diagnostic aspiration
3 months later

'Leukocyte count: >2000/ul leukocytes or >70% granulocytes; microbiology: for highly virulent organisms
(e.g. S. aureus, E. col)) already one positive sample confirms infection, for low-virulent organisms (e.g. S.
epidermidis, P. acnes) 22 positive samples are required to confirm infection

2 According to the treatment algorithm for PJI

# Leukocyte count/differential, histopathology, microbiology (+/-sonication)

4 Elevated CRP, risk history (prolonged secretion or revision surgery after primary implantation), early
loosening of prosthesis

BC: blood cultures, TEE: transesophageal echocardiography, OPG: orthopantomogram



2XEAIAZMOZ ANTIMETQMIZHX
MEPINPOOGETIKHZ AOIMQ=HX

XEIPOUPYIKOC KaBapIoNOg, diarnpnon mpobeoncg + avtifiotika - DAIR

AvrtikatdoTaon apBpoTrAaocTIKAG o€ 1 oTAdI0 (ONne stage revision) +
oT1aBepoTTOINTIKO UAIKO (Cement) ye avTIBIOTIKO + avTifioTIKA [V

A@aipeon apBpoTTAACTIKNC ME OWIUN ETTAVATOTTOBETNON (QVTIKATAOTAON O€ 2
o1ad1a) £ oTaBepoTroIinNTIKO UAIKO (cement) e avtiBIOTIKO + avTiBloTika 1V

ATTIAN a@aipeon Pe KaBapiopo + avtifioTika IV
ApBpddeon (fusion)
AKPWTNPIACHOG

Xpovia KAaTaoTAATIKA aywyn (>6 PNveg- TTOAAG £TN)

Zimmerli W & Sendi P. Orthopaedic implant-associated infections. In: Principles and Practice of Infectious Diseases, 2015 p.1328-40



Surgical treatment algorithm for prosthetic joint infections.
Condition Surgical Procedure

Duration of symptoms =3 weeks or
infection within 4 weeks after implantation | 4,
+ stable implant yes
+ absence of sinus tract — Deébridement with retention
+ susceptibility to antibiotics with
activity against surface-adhering
microorganisms

Otherwise

. Intact or only slightly “
damaged soft tissue —» One-stage exchange

Difficult-to-treat

: . microorganisms include
N Damaged soft tissue, > Two-stage exchange with short ) ] i
abcess, or sinus tract interval (2-4 weeks) microorganisms resistant to

antibiotics with good oral
bioavailability, rifampin-
resistant staphylococci,
enterococci, and quinolone-
resistant gram-negative bacilli

Long-term suppressive and fungi.
antimicrobial treatment

: Microorganism resistant or N Two-stage exchange with long
difficult to treat” interval (8 weeks)

N Inoperable, debilitated, or |
bedridden

5 No functional improvement : Implant removal without
by exchange of the implant replacement

Zimmerli W & Sendi P. Orthopaedic implant-associated infections. In: Principles and Practice of Infectious Diseases, 2015 p.1328-40



SURGICAL PROCEDURES
Type of surgery Intervention Antibiotics (total 12 weeks) Legend

Change of mobile

parts 2 we 10 we
Retention of fixed
components Exchange of O Debridement
prosthesis
2 we 10 we w—gp i.v. antibiotics without
One-stage exchange antibiofilm activity
Explantation Implantation el p.0. antibiotics
without antibiofilm
2we| |1 we 9 we activity
Two-stage exchange o
(short interval) gy p.0. antibiotics with
Explantation Implantation antibiofilm activity
(if available)
2 we 4 we 1 we 5 we
Two_stage exchange T Ex- and reimplantation
(long interval) Exchange of of prosthesis
i spacer Implantation
Explantation SP p Exchange
3 we 3 we 1 we 5 we of prosthesis/spacer

Three-stage exchange

AO Recon

Adapt. By Trampuz A. , Charite, Berlin. Pro-implant foundation_Course for Prosthetic implant infections 2020



Stable

Unstable

Condition Characteristics of

of implant infections/patients Type of approach Schematic surgical & medical management

- duration of clinical symptoms less than 3 -

5 wks, intact or slightly damaged soft tissue, Debridement & A e Lt
%* susceptibility to antimicrobial agents with Ve iantion * C—
g activity against surface-adhering

microorganisms

intact or slightly damaged soft tissue, *AT 3-6 months
absence of severe coexisting Ilinesses, * One-stage » _

absence of difficult-to-treat microorganisms

2-4 wks *AT 3-6 months
) Two-stage
moderately or severely damaged soft tissue (short interval) »

;= -
.g. moderately or severely damaged soft tissue, Two-stage * 6-8 wks 2 wks +*AT 3-6 months
E presence of difficult-to-treat microorganisms (long interval)
Long-term A
resence of coexisting illnesses or —
S -> . =
AT
presence of coexisting illnesses or no * Implant removal *
functional improvement by exchange of the without
implant replacement
Legend

AT: antibiotic therapy; *Duration of 3 months for hip prostheses and 6 months for knee prostheses (red line); < > Timing of surgery; T_T Explantation
of implant; BReimplantation of implant

Leone S, et al. Consensus document on controversial issues on the diagnois and treatment of
prosthetic joint infections. Int J Infect Dis 2010, 14: 67-77




TREATMENT ALGORITHM

Acute PJI Chronic PJI
Long-term suppressive
antibiotic therapy
3
- Good bone/soft tissue? No 3
- Stable prosthesis? Prosthesis exchange
- Not DTT (if known)? l Eradication of infection
~ ~ not achieved?
- DTT (if known)? A
- Bad bone/soft tissue? Yes
- Fistula?
Y
= _- Multiple revisions?
| No
i A S Two-stage Three-stage
retention, exchange of One-stage exchange 9 9
: exchange exchange
mobile parts x
- DTT (if known)?
- Bad bone/soft
tissue?
lNo lYes
D11.' = dlfflcul.t-t.o-treat-infectl.on.s» cau:sed by pathogens Short Intarval Long interval
resistant to biofilm-active antimicrobials:
2 = G Z (2-3 weeks) (6-8 weeks)
- Rifampin-resistant staphylococci
- Ciprofloxacin-resistant gram-negative bacteria ¢ ¢
- Fungi (Candida) Unsatisfactory )
course?’

' Clinical signs of infection, elevated CRP, intra-operative pus, compromised tissue

AO Recon_Adapt. By Trampuz A., Charite, Berlin. Pro-implant foundation_Course for Prosthetic implant infections 2020



A FUNCTIONAL CLASSIFICATION SYSTEM

TNM Classification System for Prosthetic Joint Infections

Thesue and Implant condition:

1] ftable slandard implant without imgsoriant wolt Huse delect
fbate reviiorn mplant witoul rpertant ol e dee L
Liserenedl stanasd implan withodl mportand soh theue et
Locaenesd nevision imyplant withou! impotaed o8t didecl

Sarvrae st trauae defect it 1landard impant
S 50l (Rum dederi ATl pevtiom npldani

1]

LF§

HFE FEe Fe

Mon-human cells (bactesia and fungl)

P i [sbolilim Foemation (s oculi), difes thy porloperately

P mature beofiim formation (Aemer; anse), Wite haemadogenous

Fadare beoddm Bormeation (Tormern ohroesr) withoes “cilioali b ireat bacherls™
Polwtor Esialilrn Borrsation [Torm dfrok] with culbune Fegaline infeciin
Mol bmoddm Sormeation (Torme chioeer) with "OdEfoult 0o treal Dadieria™
Magure biolille lnrmation (Temer: cheonic) with polymicroblal indection
Polwtors Realilen Borrsation [Tosrms: dfros] with kg

o TR TR

Marbidity of the patient

WD Mt oo cely bl commptomied {Chartion Comaibidty Inde: 0.1]
K1 Foderately comnprombed paiient (Charion Comontedsny lnde: X33
i} Spevrely comperomiied patient (Churhon Cormorbidity index 4-5)
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reinfaction 1t the infection nvahes a previouidy infected implant, the situation is condidered ai
“rednfection” and an “r" |3 put In front of the classkfication, e.g. rT1aN1aM2

Volker Alt, et al. Bone Joint Res 2020,9:79-81



ANTIMICROBIAL TREATMENT (IV/PO)
OF COMMON MICROORGANISMS CAUSING PJIs (B-IIl)

MICROORGANISM PREFERRED ALTERNATIVE Comments
TREATMENT iv TREATMENT iv/po

Cefazolin Vancomycin + Rifampicin
MSSA /MSSE Nafcillin Daptomycin
Flucloxacillin Linezolid

Ceftriaxome ?

MRSA / MRSE Vancomycin Daptomycin + Rifampicin
Linezolid

Osmon DR et al. IDSA Clinical Practice Guidelines. Clin Infect Dis 2013
Parvizi J & Gehrke T. International Consensus Meeting on PeriprostheticJoint Infection, 2013



ANTIMICROBIAL TREATMENT (IV/PO)
OF COMMON MICROORGANISMS CAUSING PJls (B-IIl)

MICROORGANISM PREFERRED ALTERNATIVE Comments
TREATMENT iv TREATMENT iv/po

B-hemolytic PenicillinG Vancomycin
Streptococci Ampicilline
Ceftriaxone
Enterococci PenicillinG Vancomycin + aminoglycoside
Ampicilline Daptomycin Ampicilline +Rif
Linezolid Linezolid + Rif
Ciprofloxacin + Rif
Gram - negative Cefepime
Fluoroquinolones
Ertapenem
Pseudomonas Cefepime Ciprofloxacin
aeruginosa Meropenem Ceftazidime
Propionibacterium PenicillinG Clindamycin
acnes Ceftriaxone Vancomycin

Osmon DR et al. IDSA Clinical Practice Guidelines. Clin Infect Dis 2013
Parvizi J & Gehrke T. International Consensus Meeting on PeriprostheticJoint Infection, 2013



IMPLANT RETENTION

OS mon et al . Duration of symptoms< 3 weeks (A-II)
IDSA OR
Guidelines Joint age< 30 days (A-1I)
2013

h

k.

+ Well-fixed prosthesis (A-II)

Absence of sinus tract (A-II)

+ Susceptible to highly
bioavailable oral
antimicrobial agents*

v A 4
YES el
w b
Debridement and - Removal of
retention (DAIR) prosthesis

*If organism susceptibility permits, use rifampicin (A-1I) partnered with ciprofloxacin
(& -1I) or levofloxacin (A-1I). Other agents advised are co-trimmoxazole (A-1I), minocy cline
or doxycyclime (C-III), or oral first-generation cephalosporins (C-ILI).

fsome patients not meeting these criteria may be considered for DAIR, but the panel
considered there was more likelihood of failure (B-1II).

Guo-XinQu, et al. Debridement,
antibiotics, and implant retention for
periprosthetic knee infections: a
pooling analysis of 1266 cases.J
Orthop Surg Res 2019

“Successrate 71-80% (<3w, no
MRSA)”

“Immunocompromise, MRSA
infection, poor condition of local
soft tissues and failure of one
DAIR procedure should prompt
revision arthroplasty.”

Sultan Naseer Qasim, et al. SICOT
J 2017



PREDICTORS OF DAIR FAILURE

No mobile parts exchange Urikarte et al. Hip Pelvis 2019
Total knee arthroplasty Kunutsor et al. J Infection 2018
Hematogenous PJI Iza et al. J Orthop Surg Res 2019
Long symptom duration Kunutsor etal.J Infection 2018
Fracture total hip arthroplasty de Vries, JBJ12019
Immunocompromise Segawaetal.J Bone Joint Surg Am 1999
Bone loss & soft tissue necrosis Segawaet al. J Bone Joint Surg Am 1999
Sinus tract Marculescu et al. Clin Infect Dis 2006
MRSA / Staph. aureus Triantafyllopoulos et al. J Arthroplasty 2014
High virulence microorganisms Azzamet al. J Arthroplasty 2010
Ambiguous susceptibility to biofilm active Rx Zimmerli et al. 2015

Number of debridement Geurts etal. ActaOrthop 2013



STAGED TREATMENT PROTOCOL

Temporary functional reconstruction
(spacers)

* Local antibiotic delivery-extremely high
local concentrations - vanco + genta

* Obliterate dead space.

* Simultaneously preserve space for
definitive reconstruction

« Maintain ligament balance and soft tissue
envelope and functional length

« PMMA-static
« PMMA-articulating
« Composite — metal, PMMA
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OUTCOMES OF PJI OVER TIME 2000 - 2016

Retrospective 17 years 2000-2016 (550 pts)

2-stage and DAIR (Debridement, Antibiotics, Implant Retention)
e 123 patients not included as they did not have re-implantation

Minimum 1 year follow-up
Overall - 2-stage failure rate 19.8%

No difference in outcomes over 17 years - adjusted to age, sex,
comorbidities

Goswami et al. MSIS. 2019












SILVER-COATED VS TITANIUM
MEGAPROSTHESES

51 pts, silver-coated megaprosthesis
e proximal femur, n = 22; proximal tibia, n =29

74 pts , uncoated titanium megaprosthesis
e proximal femur, n = 33; proximal tibia, n =41

The infection rate
* 17.6% in the titanium group
* 5.9% in the silver group

38.5% of pts in the titanium group with infection had amputation

Hardes et al, J Surg Oncol 2010



Type I: Medullary
osteomyelitis

Type 11: Superficial
osteomyelitis

Type I1I: Localized
osteomyelitis

Type IV: Diffuse
osteomyelitis

Medfiary

Anatomic type
Type 1

Type 2

Type 3

Type 4

Physiologic host
A Host

B Host

C Host

CIERNY & MADER CLASSIFICATION

Medullary osteomyelitis (nidus is endosteal).

No dead space management.
Etiology often hematogenous,
post-intramedullary rod.

Superficial Osteomyelitis. Limited to surface
of bone. No dead space management but
needs soft tissue coverage

Localized osteomyelitis. Full thickness of
cortex. Complex dead space management,
simple osseous stabiliization

Diffuse osteomyelitis. Circumference of
cortex. Biomechanically unstable.
Complex dead space and osseous
management.

Normal host. Normal immune system.
Normal vascularity.

Bs: systemic compromise
Bl: local compromise
Bsl: systemic and local compromise

Treatment morbidity worse than present
condition with low prognosis for cure.

A Clinical Staging System for
Adult Osteomyelitis

George Cierny IIL, MD; Jon T. Mader, MD;
and Johan J. Penninck, MD

!!on Terry Mader (Fig 1) was born on March 21, 1944 in Madison, WI. He earned his
A and MD degrees at Wabash College at Indiana University in 1966 and 1970, re-
spectively. He trained in Internal Medicine at the University of Texas Medical Branch
in Galveston, TX and made his career there in the Division of Infectious Disease in the
Department of Internal Medicine. At the time of his death on October 25, 2002, he had
risen to the positions of Professor of Medicine, Professor of Pathology. and Adjunct Pro-
fessor of Orthopaedic Surgery. During his life, he published more than 145 peer-
reviewed papers on osteomyelitis, antibiotic therapy. hyperbaric oxygen, joint infec-
tions, the foot in patients with diabetes, and the use of the llizarov technique for the
treatment of musculoskeletal infections. He also was the principle investigator in nu-
merous funded research projects and the coauthor of Musculo-Skeletal Infection. He
died when the book was in its final stages of production

In addition, Dr. Mader was a gifted athlete, Eagle Scout, captain in the U.S. Naval Re-
serve, and regarded with respect and affection by his patients and colleagues.

Henry H. Sherk, MD

Cierny G, Mader JT, Pennick H. A clinical staging system of adult osteomyelitis. Contemp Orthop 1985,10:17-37
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AQO Principles

Antibiotics
Immune cells

“ Any necrotic and avascularized tissue
must be debrided, in order to prevent the

formation of biofilm...”

physis (growth plate)

“Vital muscle and periosteum must be
preserved and left in contact with the

bone, so that antibiotics reach the site...” ||

aversian cana

diaphy:

AO Principles of Fracture Management _ Acute and chronic infections (2017)




AQO Principles m

envelope

Closed fracture with severe
soft-tissue injury, joint-bridging
external fixator

“ Consider soft tissue damage and cover
(envelope)...A fracture is considered a
soft tissue injury plus bone
discontinuity...” -2 Timing !

Skin wrinkling after 7 days

AO
PJI after planned surgery = 0.1-2%

FRI after fracture fixation = 1-5% (BF Klinikum, Hamburg, Osteomyelitis)

AO Principles of Fracture Management _ Acute and chronic infections (2017)



AQO Principles

FRI : 1. ORIF - Plating
Bone fragments devascularization
-> least invasive approach
v' Subcutaneous Vs Submuscular/subfascial

=

2. Intramedullary nailing
Endosteal necrosis, diaphyseal osteomyelitis, septic
pseudarthrosis, purulence from fracture site

®
©

Localzec

e =

3. External fixation
Pin track infection, ring sequestra from high energy drilling

AO Principles of Fracture Management _ Acute and chronic infections (2017)



AQO Principles

Instability

“In case of FRI the primary goals are :
1. fracture fixation and 2. prevention
of chronic osteomyelitis...”

“Administration of antibiotics without

concomitant surgery fails to eradicate the
infection...”

Instability —— Infection

J Neurosurgery, Spinevol. 23

AO Principles of Fracture Management _ Acute and chronic infections (2017)



AQO Principles

Stabilization

1. Initiation of fracture healing

2. Functional patient aftercare

3. Easier wound care

4. Stability for soft tissue healing

5. Maintains or restores length, alignment and rotation
6. Early weight bearing

AO Principles of Fracture Management _ Acute and chronic infections (2017)



AQO Principles m

hematoma

“Early infections need to be distinguished from wound dehiscence and

necrosis of the wound edges as well postoperative hematoma...”

”A painful or fluctuating hematoma requires

immediate drainage and debridement...”

“Time is tissue...”

AO Principles of Fracture Management _ Acute and chronic infections (2017)



AQO Principles

Treatment plan : Debridement >~ Wound Iavage
Microbiology / Dead space management
Implant
retention or Soft tissue management and
Targeted treatment removal bone fragment stability
\ \ Definite reconstruction
Supression

AO Principles of Fracture Management _ Acute and chronic infections (2017)



AQO Principles

Debridement

1. In case of a sinus = infuse methylene blue
2. Excise skin wound margins
3. Remove hematoma
4. Abscess membrane
5. Excessive granulation tissue removal
6. Necrotic and devascularized tissue
/. Dead bone splints and sequestra (paprika sign)
8. Tissue sample from bone-implant interface
9. Rigorous surgical site irrigation = reduce cfu 1076
10. 2" debridement and irrigation after 24-48h > 1076
11. Wound closure over suction drain or
negative pressure wound treatment or cement beads
12. In case of bone loss - antibiotic loaded cement spacer

AO Principles of Fracture Management _ Acute and chronic infections (2017)



AQO Principles

Debridement

Debrided wound covered with a VAC dressing and adhesive seal
Granulated wound ready for skin graft




AQO Principles

Implant retention in FRI

”The entire implant should be considered infected with a biofilm
covering through its entire length, width and depth...”

“Fracture healing will not take place in presence of infection without
mechanical stability...”

Stable implant —
\

YES - Retain until bridging = Supression

NO = Remove and Ex-Fix = Eradication

AO Principles of Fracture Management _ Acute and chronic infections (2017)



AQO Principles

Infected Intramedullary nails

Retain , if stable / bridging / sensitive micro = In the
end remove nail and ream

Nail . Remove and ream the canal 0.5-1.5mm to a distal opening
/ (RIA : Reamer — Irrigator — Aspirator)
One stage nail exchange Two-stage nail exchange = antibiotic cement

beads / antibiotic loades nail + Ex-Fix

AO Principles of Fracture Management _ Acute and chronic infections (2017)



les

Infected Intramedullary nails

INcip

AQO Pr




AQO Principles

Infected Intramedullary nails




AO Principles m

Pin track infection

External fixation -2 Pin track infection and ring sequestra

|

Remove and replace the pin

Perform curettage and remove sequestra

rrigate and take tissue cultures from insertion site
DO not remove the Ex-Fix

AO Principles of Fracture Management _ Acute and chronic infections (2017)



AQO Principles

Bone defects

If <5-6 cm - Delayed cancellous bone graft (ilium)

; 9 v' sterile biopsy and/or decortication
:OD 5

Distraction osteogenesis =

DefeCt If>10 cm allows for correction!
/ \ (llizarov, Taylor frame, etc)
Masquelet technique Free vascularized strout graft (llium, fibula)

(spacer = membrane =2 late
grafting plus nail/plate = 1-2years

AO Principles of Fracture Management _ Acute and chronic infections (2017)



BONE GRAFTING TECHNIQUES

- =
-

Free or vascularized graft

I

LULLLTLTTLLLt THYI

LULLLDLT T LT

LULLLLL LT T

S LTy YH! I

S

Al E

Proxamal
osteolonTy e

Foular graft with
peronesl anery

vascular pedicle and .
peariceteal beanches

Focation of
lateral malecius




BONE GRAFTING TECHNIQUES

Distraction osteogenesis

Left: MRIof | | Right: MRI of
infected mid- | ‘ infeted mid-
diaphysis | diaphysis

|

Figure 2, Contiguous chronic osteomyelitis following a failed open
reduction of a tibial shaft fracture. Wide resection of the necrotic
bone segments was performed and an antibiotic-impregnated PMMA
spacer inserted. Following removal of the spacer the resulting 8 cm
bone defect was addressed with distraction osteogenesis. Union was
achieved after a formal docking procedure.




BONE GRAFTING TECHNIQUES

Masquelet technique




AQO Principles
Flaps Vescularizsd comecste 18

Prefabricated free flaps

Freestyle free flaps

“If a bone graft must be applied, the S —
establishment of healthy soft tissue Functional transters
cover (flap) should precede grafting. Froo tissue transfor -
Placement of a flap over an infected bed Tissue expansion -
will result in necrosis of the flap...” Local flaps [

Skin substitute
followed by skin graft

Full-thickness skin
graft

“Negative pressure wound therapy should  ssinicess s -
not be a surrogate for early flap cover...the <....cary intontion f’
= " healin
earliest the better...if successful...” N ﬁ
Primary closure | J r\

AO Principles of Fracture Management _ Acute and chronic infections (2017)



BONE GRAFTING TECHNIQUES

Bone and soft tissue defects




S Injury
AT Volume 48, Issue 7, July 2017, Pages 1616-1622
ELSEVIER

Full length article

Masquelet technique versus Ilizarov bone
transport for reconstruction of lower extremity
bone defects following posttraumatic
osteomyelitis

Kai Tong 2, Ziyi Zhong 2, Yulan Peng P, Chuangxin Lin €, Shenglu Cao ?, YunPing Yang 2, Gang Wang ? & =i

“In the treatment of segmental lower extremity bone defects following posttraumatic
osteomyelitis, both IBT and MT can lead to satisfactory bone results while MT had better
functional results, especially in femoral cases. IBT should be preferred in cases of limb

deformity and MT may be a better choice in cases of periarticular bone defects.”



W BG Klinikum

Hamburg

Treatment of osteomyelitis and
the reconstruction of bone defects

Gerlach U-J
Department of Septic Trauma and Orthopedic Surgery
BG-Unfallkrankenhaus Hamburg
Arztlicher Direktor: Prof. Dr. C. Jiirgens



& BG Klinikum Osteomyelitis

Hamburg

Primary goal of the therapy:

- long lasting stop of the infection

- closure of soft tissue defects

- reconstruction of bone defects

- stability of the extremity

- an extremity allowing full weight-bearing
- pain reduction

- professional reintegration




& BG Klinikum Osteomyelitis

Hamburg

Our therapy/our algorithm: al least 2-stage-surgery
1rst.operative step: treatment of the infection
2nd operative step: treatment of the soft tissue defects
3rd operative step: treatment of the bone defects

4th step: social and professional reintegration

Physiotherapy all the time!




& BG Klinikum Osteomyelitis

Hamburg

1st operative step:

removal of every foreign body

radical sequestrectomy

implantation of local antibiotic carriers

stabilization (external fixator)

Important for the successful therapy: radical sequestrectomy !

short term antibiotic therapy




& BG Klinikum Osteomyelitis

Hamburg



& BG Klinikum Osteomyelitis

Hamburg

2nd operative step:

Treatment of soft tissue defects
- as early as possible
- as stable as possible

- Co-operation with plastic surgeons in case of large defects

- Split skin, dermato-distraction, free flap




& BG Klinikum Osteomyelitis

Hamburg

Septische Unfallchirurgie und Orthopadie



W BG Klinikum

Dr. Gavril llizarov




& BG Klinikum Osteomyelitis

Hamburg

Technique of acute limb-shortening and re-lengthening:

(a) soft tissue defect with exposure of bones; (b) resection of infected
and dead tissues with the result of osteocutaneous defect, (c) acute
limb-shortening to close the defect; (d) application of external fixator

and metaphyseal lengthening osteotomy; () limb lengthening to restore
length.

Septische Unfallchirurgie und Orthopadie




& BG Klinikum Osteomyelitis

Hamburg

Alain Masquelet
Masquelet-technique Oupeittones
de

Eqppd cirugia de Hospital
Universitario de Avicena Paris .

Complete fullfilling of the defect with acrylic cement (mixed with antibiotics,

overlapping the bone-ends, intramedullar, soft-tissue-management)
Induced membrane:
- contains cells, which produce growth-faktors like bone morphogenic protein (BMP-2)
and transforming growth factor 3-1 (TGF 3-1) (Dumont et al 2008)

- revascularises bone graft and minimizes the resorbtion of bone graft

(Giannoudis et al 2011)




& BG Klinikum Osteomyelitis

Hamburg

After 6 and 12 weeks cancellous bone graft from the the posterior iliac crest, combined with

PerOssal® and Vancomycin

Septische Unfallchirurgie und Orthopéadie



& BG Klinikum Osteomyelitis

Hamburg

6 weeks later partial removal of the external fixator.

Then internal stabilization with a custom made angular stabil plate (Litos®) and cancellous bone
graft (left tibial head) combined with BonAlive®




SEPTIC ARTHRITIS

Monoarthritis : Knee > Hip ( Knee + Hip >85%)
Joint aspiration = Gold standard + fastest method
1. Cell count 2. Microbiology 3. Crystals

Gram stain & |Sensitivity Vs {Specificity

Margaretten, Jama 2007

“Time Is cartiladge”

Ochsner 2016



SEPTIC ARTHRITIS

Treatment principles : 1. Joint decompression
2. Systemic antibiotics for 4-6w
(t perfusion rate of synovia)
3. Physiotherapy
4. Lavage but not antiseptics

Mathews et al. Lancet 2010

“Dilution is the solution to pollution”



SEPTIC ARTHRITIS

Arthroscopy > Synovitis = Conservative treatment

\ Fibrinous deposits & Synovial tissue

overgrowth/ debri - Cartiladge
compromise = Synovectomy

—

Repetition in 48-72h = If no remission = Arthrotomy

Conen A, et al. AOTrauma, Thiemeverlag 2016



SPONDYLODISCITIS

Indications for surgical treatment

e Septicstatus,
e Spinalinstability
e Spinal canal abscesses or paravertebral abscess >2.5ocm
e Spinal cord or nerve root compression with progressive neurological
deficits
w? "
Yes No

1.Empirical antibiotic treatment

2.Surgical management

1. Surgical debridement and
decompression

2. Stabilization procedure

e Grafting (allograft autograft)

e Instrumentation (titanium cages,
transpendicular screws and rods)

@

1. Bed rest usually for 1-2 weeks
2. Ambulation with spinal brace
3. Targeted antibiotic treatment

@

Total duration of antibiotics usually 4-6
weeks

e |V antibiotics for the first 2-4 weeks
e Oral antibiotics for the rest 2-4 weeks

@

Successful treatment in 6 weeks

@ N

No Yes

4

Surgical management

Microorganisms : Spinal
Infections_An Update
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(and how to fight it)




