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“Osteomielitis”

MESA 1: OSTEOMIELITIS DE HUESO LARGO
ESTADO ACTUAL EN EL MANEJO DE LA

OSTEOMIELITIS CRONICA DE HUESO LARGO EN
ADULTOS

Dr. José Manuel Lomas Cabezas
\ Unidad Clinica de Enfermedades Infecciosas, Microbiologia y Parasitologia
Hospital Universitario Virgen del Rocio. Sevilla




Moodie RL An introduction to the ancient evidences of disease. |llinois: University of Illinois Press, 1923:243-82.
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THE EDWIN SMITH
SURGICAL PAPYRUS

Enfriamiento de los huesos (Albukasis; 936-
1013)

Corrupcion de los huesos (Avicena; 980-
1037)

Abscessus in medulla (Bromfield; 1773)
Necrosis 0sea (Gross; 1830)

Carbunco del hueso (Pasteur; 1860)

Osteomielitis (Nélaton; 1844)
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Manejo meédico historico de |a

i~/

— O Sulfonamidas

Antisépticos 1935, Domagk
(acido carbdlico) ‘
Lister, 1867 Penicillin, Miracle Drug, . apia antibistica

Soon Out In Patent Forms;  combinada

Bacteriofay  But Best See Doctor First sis elevadas en CEC

D'Herrelle, Albee, 1940 U:-m(t;blotte.rapla Ilocatl
Paterson 1930 Strep.toml.cma, 1944 SO de an 'Coagu.an es
Bacitracina, 1945 Gammaglobulina
Tetraciclinas, 1948
Eritromicina, 1953
Penicilinas sintéticas, 1957
Cefalosporinas, 1957
Quinolonas, 1962

Chain E. Penicillin as a chemotherapeutic agent. Lancet 1940; 24:226-231



osteomielitis

—

Erradicacion del hueso necrético
Avicena, siglo IX




PATOGENESIS y
CLASIFICACION

de la
osteomielitis cronica




PATOGENESIS

Osteomielitis cronica de hueso largo

Hematogena Foco contiguo

(fracturas abiertas, asociada a implantes)
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Hobo T. Fiir Pathogenese der a Kuten-hematogenenOsteomyelitis, mit Birwaksichtigung der vital Farbungslehre.Acta Scholae Med Univ
Kioto 1921;4:1—4.



CLASIFICACION
de la

osteomielitis
cronica




Osteomielitis aguda

bleod supply ‘
blocked

subperiosteal
abscess (pus)

<4-6 semanas

Periosteal artery

Osteomielitis cronica




Type I: Medullary
osteomyelitis

Type II: Superficial
osteomyelitis

Type I1I: Localized
osteomyelitis

Type IV: Diffuse
osteomyelitis

NII\I'_\ED\

Physiological class
A host MNommal host
B host Systemic compromise (Bs),
local compromise (BI), or
systemic and local compromise (Bls)
C host Treatment worse than the disease
Type of compromise Factors
Systemic (Bs) Malnutrition
Renal, hepatic failure
Diabetes mellitus
Chronic hypoxia
Immune disease
Malignancy
Extremes of age
Immunosuppression or immune deficiency
Local (B1) Chronic lymphedema

Venous stasis
Major-vessel compromise
Arteritis

Extensive scarring
Radiation fibrosis
Small-vessel disease

Neuropathy
Tobacco abuse (=2 packs/d)




All iz labes:
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to £ 3 susceptibility tests
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MICROBIOLOGIA
de la

osteomielitis
cronica




2001-2004
166 pacientes

Cultivo negativo 34%
Polimicrobiano 29%

SAMS 22%
SAMR 10%
ECN16%
Enterobacterales 16%
Anaerobios 9%
Streptococcus spp. 7%
Enterococcus spp 5%
P aeruginosa 5%

Hospital primario
72 (51.1%)\1

2019-2020
141 pacientes

Cultivo negativo 25%

Growth from Referral

Microbiology Samples Growth Reported from Intra-Operative Sampling Number
‘Complete match’

Yes Same as referral microbiology 16 (18.2%)

No No growth 6 (6.8%)
‘Partial match’

Yes Same as referral microbiology with additional isolates 8 (9.1%)
‘Non-match’

No Significant growth 6 (6.8%)

Yes Isolates not present on referral microbiology samples 52 (59.1%)

1. Torundas (45%), cirugia previa (28%), biopsia (27%), HC

(4%)




Suspicion of FRI

¢

Medical history and clinical exan

Confirmatory criteria’ Suggestive criteria
« Fistiiba = Sinus = Wound breakdown « (linical signs: local = systemic
= Purubent drainage or the presence of pus (e redness and fever)

Radiological andfor nudear imaging signs

« MNew-onset point effusion

evated serum inflammatony markers
(ESR - WEBC - (RP)

e

ersistenl, mreasing or new-onset wound

drainage

DIAGNOSTICO

osteomielitis e

crénica —

Confirmatory criteria Suggestive criteria

+ Phenotypically indistinguichable pathogens » Pathogensc arganism identified by
identdied by culiure from at least two culture from gsmgle deep tosue

ssue/imp ant SpECmens. i:".;: AN SpeCImeEn

separate deep
Presence of microorganesms. in deep hssoe

speamens, confirmed by histopathol ogical
Examination ) n combmation wath o

= Presence of more than fve PMNs)/ miena there should 1 bugeh
HPF, confirmed by hetopathologica i il the presence of FRI

examinabion,”

- Diagnosis of FRI



DEFINITIVO

Fistula
Drenaje purulento

Exploracion quirurgica
Microorganismo
>2 muestras separadas

Pruebas de imagen

Histopatologia



SOSPECHA CLINICA
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DIAGNOSTICO
RADIOLOGICO



RADIOLOGIA

Butt WP. The radiology of infection. Clin Orthop Relat Res. 1973 Oct;(96):20-30
Peel TN. Imaging in osteoarticular infection in adults. Clin Microbiol Infect. 2023: S1198
Crim J. Update on MRI findings of osteomyelitis of long bones in the adult population. Skeletal Radiol. 2022; 51(9):1787-1796



PRUEBAS DE IMAGEN HIBRIDAS
PET-TAC & PET-RMN

Wenter V,. The diagnostic value of [(18)F]FDG PET for the detection of chronic osteomyelitis and implant-associated infection. Eur J Nucl Med Mol
Imaging. 2016;43(4):749-61



PRUEBAS DE IMAGEN HIBRIDAS @\
PLANIFICACION QUIRURGICA / /

Elsheikh A. Role of 18F-FDG PET-CT in Pre-Operative Planning of Surgical Debridement in Chronic Osteomyelitis. Indian J Orthop. 2022; 56(12):2237-
2244,
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MUESTRAS INTRAOPERATORIAS
Suspender antibioterapia al menos 14 dias antes

22
mismo microorganismo

25 muestras




DIAGNOSTICO >5 PMN (400x)
HISTOPATOLOGIC

O X10 HPF
X1-2 muestras

Morgenstern M,. The value of quantitative histology in the diagnosis of fracture-related infection. Bone Joint J. 2018
-100-B(7):966-972.
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ANTIBIOTERAPIA
SISTEMICA

3 o LR 8 (O B2
REVIEW ARTICLE AT BT 5 S0

& 2009 A Dotaindormation BV, Al Aghtsrasarsad

Penetration of Antibacterials into Bone

Pharmacokinetic, Pharmacodynamic and Bioanalytical Considerations Medular>cortical

Difusidon Oseal Lacunae containing osteocytes . Osteon of compact bone

Buena (>30%) Moderada (15-30%) Pobre -ameliat — g ¢ / _ Trabeculae of spongy

Canaliculi —#2 bone
(<15%)
Fluoroquinolonas Clindamicina Penicilina |
) ) ) . . Osteon Haversian
Linezolid Glicopeptidos Clavulanico canal
Doxiciclina Cefalosporinas Metronidazol R .
Cotrimoxazol Fosfomicina
Rifampicina Tazobactam volkmannscanal
Dalbavancina
Oritavancina

Landersdorfer CB.. Penetration of antibacterials into bone: pharmacokinetic, pharmacodynamic and bioanalytical considerations. Clin

N - . 0 o . L SNANDN



SISTEMIC"”

Original Contribution
May 20, 1998

Role of Rifampin for Treatment of Orthopedic Implant-Re-

lated Staphylococcal Infections o
A Randomized Controlled Trial

Werner Zimmerli, MD; Andreas F. Widmer, MD, MSc; Marianne Blatter, MD; et al

¥ Author Affiliations

JAMA. 1998;279(19):1537-1541. doi:10.1001/jama.279.19.1537

1
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Oral Intravenous
§°-°5' — Ciprofioxacin- Subgroup Group  Group Risk Difference (90% CI; 95% Cl)
s 0.90- Rifampin Group patients with treatment folure/
—- Ciprofloxacin- total no. of partiapants
8 0.851 ! Placsbo Group Intention-to-treat population 70.0/527 773)527 + = ! -14 (491022 -56t02.9)
8 osod |— Modified intention-to-wreat population 67509  74/506 — < — | -l5£S01025-57t028)
[ i Per-protocol population 61/466  69/443 o | -25(631013,-7.0t021)
0.75- ! Worst-case sensitivity analysis 85/527 74527 ot > — | 21(-151057; -2.2tc 6.4)
g 0.70- j 75 50 -25 00 25 50 75
a 0.85- L— et Oral Better Intravenous Better
0.60 T T

0 200 400 600| 800 1000 1200 14001600
After Randomization, d




ANTIBIOTERAPIA SISTEMICA

Secuenciacion oral precoz (<7 dias)
Uso de farmacos con elevada biodisponibilidad y difusion

osea
(rifampicina, fluoroquinolonas, linezolid, cotrimoxazol, clindamicina,
doxiciclina)

Anadir rifampicina en infecciones estafilococicas

Priorizar fluoroquinolonas en infecciones por BGN

LGP de accion grolongada QTAS interacciones..

Rappo U. Dalbavancin for the Treatment of Osteomyelitis in Adult Patients: A R ndomizdd Clinical Trial of Efficacy and Safety;.l)pen Forum Infect Dis.
2018;6(1):0fy331



EN LA OSTEOMIELITIS CRONICA

5 dias

8-12 semanas




Extent of
osteomyelitis

tnadequate
exteriorization

Adequate,
wide

exteriorization Bone graft

0%

(

J

Zimmerli et al” Kuehl et al's Barberan et al® Kushl et al®s
1993 [2] 2019 [3] 2008 |3] 2m3 3]
Study Tschudin-Sutter Al-Mayahi
at al'® 2016 [2] ot al™ 2013 [3]
Al-Mayahi Borkes at Kuehl et al™
atal™ 2013 (3] al® 2010 [3] 2019 [3]
I
aamod FAls |n|=12| |n=|122| [n=8] [n=a2] [n=123] |n|=9| n=11] [n=51] n=9
| | | | | | |
Durationof | - {1.:1I weeks | | | 210 weeks 10 wesks |
infaction [1] 0.6 wosks |
5
vates . |[100% | 90% [[9% | 86% | [ 57% | [sewia]  [B2%] [e8% ] 67%
Success || 86%-100% [ 82%-89% 7%
rate ranges

| 57% |

~

.




Evasion of

i rmamanee el
attack wathin
the OLCN

pH bajo

escasa disponibilidad de
oxigeno y nutrientes

infeccion intracellular
invasion del OLCS

microabscesos

agregados sinoviales




En estas

condiciones...
las concentraciones de antibiéticos necesarias para erradicar

la infeccion (100-1000 x CMI)

NO son alcanzables con una antibioterapia
listén

(
Retirada de implantes

ALTERNATIVAS

R ececc dical y/o a la antibioterapia
esecciones radicales Gictémica

N\ J

Mah T-FC, O’Toole GA. Mechanisms of biofilm resistance to antimicrobial agents. Trends Microbiol. 2001;9:34-9.






¢ DE QUE ESTAMOS

Alternativas
terapéuticas
alos
antibidticos

Antibioticos
locales

iberacidn sostenida Limitar duracidn antibioterapia

ncentracion adecuada sistémica
biodegradable Acto quirurgico unico




Sustitutos oseos
Nanomateriales



~"Sustitutos 6seos ™
Nanomatenales
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SUSTITUTOS OSEOS

-

cristales bioactivos

\_

cementos o0seos (PMMA)
ceramicas biodegradables

~N

J

biocompatibles

estables
mecanicamente

POrosos

permeables \

/ Sustitutos 6seosAtb

ausencia de toxicidad

sistémica

~

ausencia de toxicidad local

4

estabilidad téermica

Rathbone CR, Cross JD, Brown KV, et al. Effect of various concentrations of antibiotics on osteogenic cell viability and activity. J Orthop Res. 2011;29:1070-1074.
Antoci V Jr, Adams CS, Hickok NJ, et al. Antibiotics for local delivery systems cause skeletal cell toxicity in vitro. Clin Orthop Relat Res. 2007;462:200-206.






PMMA Atb
NORMAS BASICAS

PMMA

Cambios en la viscosidad
Forma de polvo

Alteracion de la rigidez Hidrosolubles

Termoestables

Modificacion de la
resistencia mecanica




<4gAthy

<10% mezcla
por

40g PMMA

PMMA Atb
RECOMENDACIONES PRACTICAS

Normas generales para garantizar la
estabilidad mecanica

Atb
estériles
en polvo

Priorizar
preparados

comerciales

vancomicina
gentamicina

tobramicina
clindamicina

V+@G
V+T
C+@G



Preparados caseros “off label”

Linezolid
Daptomicina
Fosfomicina

Cefalosporinas
Tetraciclinas

Rifampicina
Metronidazo
I

Anfotericina

Carbapenemes
Ciprofloxacino

Voriconazol




LIBERACION de antibidticos desde

10-20%

12007 P AR A, _

4
1000

0 0.5 1 1.5 2 25 a 3.5 4 semanas

il -o- Cobalt
# Palacos

600 4 Simplex concentraciones subterapéuticas
-4 Zimmer

?promocion de resistencias

400

200+

Vancomycin (u1g/g of bone cement)

Days

Meeker DG. Comparative Study of Antibiotic Elution Profiles From Alternative Formulations of Polymethylmethacrylate Bone Cement. J
Arthroplasty. 2019;
Wahlig H, et al. The release of gentamicin from polymethylmethacrylate beads. An experimental and pharmacokinetic study. J Bone Joint



Cuerpo extrano

Sustrato para la biopelicula
Requiere una segunda cirugia




CERAMICAS BIODEGRADABLES

- 2

sulfato calcico +
hidroxia patita

sulfato calcico

. v,
‘.' 3.& V
0.5 [ 1.5 2 235 3 KR 4 semanas ™
Matrlces
s 1 .
tobramicina® r‘* gentamicina .
gentamicina® L vancomicina ®
vancomicina
\. J/

Ferguson JY. . The use of a biodegradable antibiotic-loaded calcium sulphate carrier containing tobramycin for the treatment of chronic osteomyelitis: a series of 195
cases. Bone Joint J. 2014.
Levack AE.. Identifving alternative antibiotics that elute from calcium sulfate beads for treatment of orthopedic infections. J Orthop Res. 2022.
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Cristales bioactivos

BAG-S53P4 °

Surfice tensen

tobramicina
o ""“".' e vancomicina

Miccllc formation
T—P+ydrophilic hezd

doxiciclina
WIS W%

l
|
|
I
|
l
|
\ : . 2-3 meses
[
|
|
J

Surface-directing agent
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Nanomateriales”t®

Gran superficie de contacto

Optimizacion liberacion Atb (hidrofilicos o lipofilicos)
Actividad antimicrobiana intrinseca (metales, chitosan)
Dianas especificas

Potencial actividad intracelular

Muchos son biodegradables

Guo P, et al. Therapeutic Nanotechnology for Bone Infection Treatment - State of the Art. Curr Drug Deliv. 2018



Metales

SR,
(plata, titanio)

Liposomas f ©

Hidroxiapatita

Nanoparticulas Alginato calcico -~
imeri : ilici Qo
Polimeéricas [ AN Silicio Fibroina (seda)
(PLGA, PEG, Mmesoporoso



Toxicidad Transporte

nanoparticulas metalicas Hidrogeles







"Penicillin can never do what surgery can do”
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