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RADIONECROSE

 Complication des radiations ionisantes (5 a 10%) / > 3 mois post Kc

e Physiopathologie : Radiation.>=tissusHypoxique, Hypo cellulaire, Hypo Vx
(théorie des 3 H) - catabolisme - plaie chronigue

» Phase préfibreuse
e Premiers mois
e Signes locaux d’inflammation asymptomatiques

» Phase d’organisation fibreuse
e Quelques années
e Tissus fins, durcis avec télangiectasies

» Phase fibro atrophique
e 5a30ans
e Atrophie rétractile, destructrice



RADIONECROSE

* Facteurs favorisants :

— Liés au traitement : dose (DT > 50 Gy) et type RT, dose élevée a chaque fraction,
volume irradié/important, durée courte de ttt, ttt associé (hormoT, chimioT, chir)...

— Liés au tissu irradié (volume et type).. mandibule (hte densité os., Vx réduite)

— Liés a l'individu : 4ge, dénutrition, obésité, hygiéne, microangiopathies (diabéte,
HTA, coronar.), AC...



RADIONECROSE

* Diagnostic:
— Echelles de gravité clinique : RTOG, EORTC, SOMA/LENT



EVALUATION CLINIQUE

RTOG scale — Cystite radique

Grade 0: Pas de symptomatologie

Grade 1: Pollakiurie diurne ou nocturne deux fois plus fréquente qu'avant le traitement.

Dysurie et impériosité qui ne nécessitent pas de traitement

Grade 2: Pollakiurie diurne ou nocturne moins fréquente que toutes les heures.

Dysurie, impériosité ou spasme vésical necessitant un anesthésique local.

Grade 3: Pollakiurie avec impeériosité au moins toutes les heures.

Dysurie, douleur pelvienne ou spasme vésical nécessitant régulierement et
frequemment des antalgiques.

Hématurie importante avec ou sans émission de caillots.

Grade 4: Hématurie nécessitant des transfusions.

Obstruction vésicale aigué non secondaire a une émission de caillots.

Ulcération ou nécrose vésicale.

Grade 5: Toxicité entrainant le décés du patient.



EVALUATION CLINIQUE

Collaboration internationale

Radiotherapy Therapy Oncology Group (RTOG) : North America
+

European Oncology Radiotherapy Treatment Chimiotherapy (EORTC) : Europe

l

SOMA scale (Subjective Objective Management Analysis)

LENT (Late Effects on Normal Tissues)

Pavy JJ et al, Late effects toxicity scoring: the SOMA scale Radiotherapy and Oncology 1995, 35: 11-15 (5)




EVALUATION CLINIQUE

Echelle SOMA -LENT

Syst. de graduation : O (absence de toxicité) a 4 (mort ou perte d’un organe)

4 grades de gravité croissante
e Grade 1 : symptomes mineurs, pas de TRT
» Grade 2 : symptdmes ne néecessitant qu’'un TRT conservateur

« Grade 3 : symptbmes severes, impact négatif vie quotidienne,
requérant TRT plus agressif

« Grade 4 : dégats fonctionnels irréversibles nécessitant des
interventions thérapeutiques majeures
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RADIONECROSE

* Diagnostic:
— Echelles de gravité clinique: RTOG, SOMA/LENT
— Imagerie : TDM, IRM...
— Endoscopie



RADIONECROSE

Mainous E, Boyne J, Hart G. Elimination of sequestrum and healing of osteonecrosis of
the mandibule after hyperbaric oxygen therapy. J Oral Surg 1973 ; 31 : 336-9.

 Traitement : du moins invasif au plus contraignant ...

—~ OHB ???




Améliore le transport d’oxygene
—  Suppléance : Substitution de 'HbO2 par I'O2 dissous (1 Ca02)
— Rheéologique : 1+ Déformabilité des hématies
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CaO, = (Hb x Sa0O, x 1,34) + (0,003 x PaO,)

— _/ J
Y Y

combinée ~ dissoute = 0,3 ml/100




| ﬁi/oz = 100% . 25 ATA
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CaO, = (Hb x Sa0O, x 1,34) + (0,003 x PaO,)
N\ _ J
' Y

combinée - 27 mi/100 ml  dissoute =
(98,5%)
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Améliore le transport d’oxygene
—  Suppléance : Substitution de 'HbO2 par I'O2 dissous (1 Ca02)
— Rheéologique : 1+ Déformabilité des hématies

< 4 ’ . Y L7 LN

2.

Effet microcirculatoire

— Vasoconstriction hyperoxique périlésionnelle (| Edeme)
—  Redistribution du flux vers les territoires mal perfusés

— Réapparition vasomotion dans les territoires hypoxiques
— 1t VEGF

).

-Thorn JJ. J Oral Maxillofac Surg. 1997

Oxygentension mmHg
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Améliore le transport d’oxygene

—  Suppléance : Substitution de 'HbO2 par I'O2 dissous (1 Ca02)
— Rheéologique : 1+ Déformabilité des hématies

> s W L) i |

Effet microcirculatoire

— Vasoconstriction hyperoxique périlésionnelle (| Edeme)
—  Redistribution du flux vers les territoires mal perfusés

— Réapparition vasomotion dans les territoires hypoxiques
— 1t VEGF

Effet anti-infectieux
—  Bactéricidie + bactériostasie
— Restauration de la phagocytose (PN)
— Potentialisation des antibiotique (amino., 8 lact., GP, fluoro.)

Effet pro-cicatrisant

—  Prolifération fibroblastique, synthese collagénique, épithélisation
—  Ostéosynthese







Review

Available online at www.sciencedirect.com
=.” ScienceDirect

British Journal of Oral and Maxillofecial Surgery 49 (2001} 2-8

BEITISH

Journal of
Oral and
Maxillofacial
Surgery

www. hjoms.com

Hyperbaric oxygen in the management of late radiation
injury to the head and neck. Part I: treatment

Richard J. Shaw b-* Jagtar Dhanda®

- Plaie endobuccale
- Exposition osseuse
- Douleur

- Dysesthésie

- Mauvaise odeur

- Trismus

- Dénutrition

The Notani classification®= is quickly applicable o all cases of mandibular
osteoradionecrosis (ORN) after chinical examination and orthopamtogram,

MNotani class Clinical features

| RN confined to dentoalveolar bone

1 OEN limited to dentoalveolar bone or
mandible above the inferior dental canal, or
both

11 QRN imvolving the mandible below the

infierior dental canal, or patBological
fracture, or skin fistula




CLINICAL ARTICLES

J Oral Maxillafas Surg
41:351-357, 1663

A New Concept in the
Treatment of Osteoradionecrosis

ROBERT E. MARX, DDS®

Hyperbaric oxygen and aggressive surgery in a progressively staged manner
were used to achieve complete resolution of osteoradionecrosis of the
mandible in 58 patients. Forty-one patients required partial mandibulec-
tomy. All the discontinuous mandibles were reconstructed, and function

was restored in all patienis.

13



STADE |

Exposition os. (< 2mm)
* Doul., trismus, tb. sens.
* radio : déminéralisation,
séquestre

SL + ATB

Classification de Marx et Myers N=268



STADE Il
Exposition os. (> 2mm)
et/ou
Stade | avec échec ttt

Soins Locaux et Antibiothérapie

Séquestrectomie
+

Lambeau

Classification de Marx et Myers

1ere Séance

15eme Sgance

15



STADE Il
Fracture , fistule
et/ou
Stade Il avec échec ttt

Soins Locaux et Antibiothérapie SL + ATB

Séquestrectomie
+ Chir. interruptrice
Lambeau

Classification de Marx et Myers

16



STADE Il
Fracture , fistule
et/ou
Stade Il avec échec ttt

Soins Locaux et Antibiothérapie SL + ATB

Séquestrectomie
+ Chir. interruptrice
Lambeau

Classification de Marx et Myers

STADE IlIR

Reconstruction chir.

17






PREVENTION

Tissu Irradié

Soins Locaux et Antibiothérapie

Extraction dentaire

Séquestrectomie
+ Chir. interruptrice
Lambeau

18



The Journal of the American Dental Association

Volume 111, Issue 1, July 1585, Pages 49-54

Prevention of osteoradionecrosis: a randomized prospective
clinical trial of hyperbaric oxygen versus penicillin

Robert E. Marx DDS

Population a haut risque, incidence d’'ORN :
5,4% (OHB) vs 29,9% (ATB) (p = 0.005).

13



Hyperbaric Oxygen Therapy for Radionecrosis of the
Jaw: A Randomized, Placebo-Controlled, Double-Blind
Trial From the ORN96 Study Group

Dijillali Avinane, Jobl Depondi, Philippe Auberr, Marnvomse Villard, Plerre Géhoeinp, Philippe Gardos,
and Splvie Chevrer

AR 5 T B A LC T

66 exclus sur 134 (49%) formes trop avancees

c:u-:tn:—tﬁ at 12 L.FI'.'E-[‘-TT',' h-::.;p. als. ."-".F"ItlL.|E|u.-4"'.l' su:IL.I'a wth ovart uata"fdcunnec-:}5ls of '[I'Ei
mandible were assigned to receive 30 HED exposures precparatively at 2.4 absoluts
atmosphare for 90 minutes or a placebs, and 10 additicnal HED dives postoperativaly or

50 échecs dont 34 conseécutifs a un ttt ant. inadapte

Results
At the tima of the second inferim analysis, based on the frianguiar test, the siudy was
stopped for potentially worse cutcomes in the HEO amm. A total of 62 patients were enrclled
and anafyzed. At 1 year, six [199%) of 21 patents had recoverad inthe HEO arm and 12 (32%]

Arrét préecoce avant toute significativité statistique

fraatmant arms.

Concloszion
Pationts witih overt mandibutar osteorasdionocrosis did not benefit from hyparbanc caosganation.

J Clin Oncol 2248834500, & 2N by Amancan Sociaty of Cinical Oncology

19
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Ostéoradionécroses des maxillaires
E [ (maxillaire et mandibulaire)

G. Raoul, J.-M. Maes, D. Pasquier. J. Nicola, J. Ferri

B Conclusion

L'oxvgénothérapie hvperbare joue un réle prépondérant dans
la stratégie thérapeutique en matiére de prévention périopéra-
toire et devrait toujours étre envisagée étant donné que ses
indications sont reconnues.

int J Oral Maxillefac Surg. 2008 Jul,37(7):617-24. Epub 2008 May 23.

Impact of perioperative hyperbaric oxygen therapy on thel quality of life i:f maxillofacial
patients who undergo surgery in irradiated fields.

Hyperbaric Medical Centre, Derriford, Plymouth, Devon, UK. sharding.jp@googlemail.com

20



Medical Outcome Study Short Form : SF36

Questionnaire généraliste destiné a permettre le recueil du point de vue
des patients sur leur propre état de santé dans les études de recherche

clinique ou d'évaluation des traitements et des services médicaux
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Incidence : + 23%

Aucun TRT « classique » efficace actuellement

Bouche seche avec hyposalivation quantitative et qualitative,

troubles de la deglutition et de la gustation,

developpement d’'une flore polymorphe pathogene

caries et édentation

HBO protocol
(pressure,
Study Type Nb patients Aim(s) / Evaluation Inclusion / time, Results/ Conclusion /

(authors criteria Exclusion nb of Follow-up comment

, year) criteria sessions/

week and
mean total)

Irgens A Prospective 54 HBOT on quality of life/ Head and neck 2.4 ATA Improvement only in Favors HBOT
et al. cohort SF-36 radiation injury 90 min. Social Function (no item Low level of
2013 5/week specifically dedicated to evidence

? (19-60) xerostomia)
1 year follow-up

Harding Prospective 18 HBOT on quality of life/ Spontaneous 2.2 ATA Improvement in few Favors HBOT

SA et al. cohort EORTC C 30 ORN in head 90 min. items including Low level of
2012 EORTC HN 35 and neck cancer 10/week xerostomia (social eating evidence

SF-36 patients 34 (29-49) and teeth)

follow-up at completion
of HBOT




Incidence : 5 a 12%

Voix enrouée, fistule, dysphagie, obstruction voies aériennes sup., douleurs
cervicales, fistule oro-pharyngée

| trachéo. et/ou laryngectomie

Classification de Chandler

» Stade | : voix [égerement enrouée , sécheresse buccale
» Stade Il : voix enrouée , sécheresse buccale
» Stade Il : voix enrouee +++, secheresse buccale, dysphagie

» Stade IV : douleur , détresse respiratoire , perte de poids , fievre, déshydratation

OHB : amélioration état général, conservation du la____rynx et de la voix

Filntisis GA, Moon RE, Kraft KL, farmer JC, Scher RL, Piantadosi CA. Laryngeal radionecrosis and hyperbaric
oxygen therapy: report of 18 cases and review of the literature. Ann Otol Rhinol Laryngol. 2000
Jun;109(6):554-62.







R FM Bevers, D J Bakker, K H Kurth

THE LANCET

Hyperbaric oxygen treatment for haemorrhagic radiation
cystitis

Cancer type Severity of haematuria* Haematurla* Result of HBOT

Shght Moderate Severe {Initial) Good Moderate No effect
Bladder 2 7 1 20
Prostate 5 2 3 10 Shght q 1 — 10
Uterus 1 1 3 5 Moderate 9 3 — 12
Cervix 2 2 — 4
Ovary _ _ 1 ) Severe 12 3 3 18
T otal 10 12 18 n=d0 Total 30 | ¥ 3 =40
*Sea lext.

Table 2: Cancer type, severity of haemorrhagic cystitis, and

transfusion requirements (blood units)

*See text. 1Good=no haematuna; moderate=occasional shght haematuria.

Table 3: HBO and severity of haemorrhagic cystitis
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‘ M[SE AU POINT Progrés en Urologie (2004), 14, 568-572

Prise en charge de la cystite radique

Jérdme RIGAUD, Jean-Frangois HETET, Olivier BOUCHOT

Service d'Urslogie, CHU Hdatel-Diew, Nantes, France
RESUME

La cystite radique est une lésion de la vessie consécutive a une irradiation d'un organe pelvien. Les lésions peu-
vent aller de la simple réaction inflammatoire jusqu'a une rétraction gquasi compléte de la vessie. La fréquence
des lésions chroniques est estimée entre 5 et 109 des patients ayant une radiothérapie pelvienne. La cystite
radique se présente généralement comme un tableau d"hématurie macroscopique associé & une pollakiurie et des
impériosités. Le diagnostic est souvent aisé du fait des antécédents d'irradiation pelvienne. La cystoscopie met
en évidence une muqueuse vésicale pale, dépolie, parsemée de télangiectasies avec parfois des ulcérations torpi-
des i bords nets. Le traitement de la cystite radigue est essentiellement symptomatigue consistant principale-
ment a stopper ou diminuer les épisodes hématuriques par des lavages vésicaux. Plusieurs traitements plus ou
maoins spécifiques ont été proposés pour essayer de diminuer les épisodes hématuriques. Les plus fréguemment
utilisés sont les instillations endo-vésicales de formol, de Nitrate d'Argent ou d'alun avec une efficacité d'envi-
ron 70% sur les symptimes. Une autre option thérapeutique plus récente et trés encourageante est I'oxygéno-
thérapie hyperbare. Elle permet une meilleure diffusion tissulaire de I'oxygéne et d'améliorer la néo-angiogené-
se en augmentant la densité vasculaire des tissus irradiés. Cette technigue & une efficacité de 'ordre de 80 a 90%
avec un effet durable dans le temps. Elle permet de plus une amélioration objective de la mugueuse vésicale.
Enfin dans les cas extrémes d'hématuries persistantes, une embolisation artérielle voire une cystectomie avec
dérivation urinaire peuvent étre proposée.

Mots clés : Radiothérapie, cystite radigue, formol, oxygénothérapie hiyperbare.
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1. Hématurie microscopique

AGGRAVATION =»

2. Hématurie interm., PK

Sp INVALIDANT

Hyperhydr.
Antichol., aB,
JAVAN
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1. Hématurie microscopique

2. Hématurie interm., PK

AGGRAVATION =»

Hyperhydr.
Antichol., aB,
AA

ECHEC =y

3. Hématurie fq, PK, dysurie

ANEMIE +++
et/ou
CAILLOTAGE RAU

Fer, Transfus.,
Lavage glacé

ECHEC ou RECIDIVE

Electrocoag.
ou Instillation
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1. Hématurie microscopique

2. Hématurie interm., PK

AGGRAVATION =»

Hyperhydr.
Antichol., aB,
AA

ECHEC =y

3. Hématurie fq, PK, dysurie

ANEMIE +++
et/ou
CAILLOTAGE RAU

Fer, Transfus.,
Lavage glacé

ECHEC ou RECIDIVE

Electrocoag.
ou Instillation

4. Hématurie sévere, dysurie +++, nécrose

CYSTITE HEMORRAG.
et/ou
DYSURIE +++

Embolisation
Cystectomie
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1. Hématurie microscopique 2. Hématurie interm., PK 3. Hématurie fq, PK, dysurie 4. Hématurie sévere, dysurie +++, nécrose

ANEMIE +++ CYSTITE HEMORRAG.
et/ou et/ou
CAILLOTAGE RAU DYSURIE +++
Hyperhydr.
AGGRAVATION =» Antichol., aB,

AA

Fer, Transfus.,

ECHEC I Lavage glacé

ECHEC ou RECIDIVE

FISTULE

et/ou
RECTITE RADIQUE

Electrocoag. Embolisation
ou Instillation Cystectomie




APHM © APHM ©

Uroclogy. 1988 Mar,27(3):.271-2.

Treatment of radiation cystitis with hyperbaric oxygen.
Schoenrock GJ, Cianci P.

A patient with severe radiation cystitis resistant to current therapy was treated with hyperbaric oxygen to facilitate closure of a
vesicocutaneouws fistula. In addition to the fistula healing, her symptoms of radiation cystitis have not recurred for over ayearand a ha}’fz
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Breitlsh Jowrnal of Urvalogiy (1998, 81, 929-9%0

CASE REPORT

Hyperbaric oxygen treatment for radiation ulcer of
the bladder

[. BAERT, P. CARPENTIER, K. BLANCA GARCIA® and . ROLLY*
Depeertment of Urology, OLV Hospitals, Moorselliin, Aalst, and *Department of Anesthesiologry, University Hospitals Gent, Gent,
Belgium
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Int J. Radiation Oncalogy Biol Phys, Val 72, No. 1, pp. 134-143, 2008
Copyright © 2008 Ekevier Inc.
Printed m the USA. All nghts reserved
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ELSEVIER doi: 10.1016/j.d jrobp.2007.12.048

CLINICAL INVESTIGATION Normal Tissue

HYPERBARIC OXYGEN TREATMENT OF CHRONIC REFRACTORY RADIATION
PROCTITIS: A RANDOMIZED AND CONTROLLED DOUBLE-BLIND
CROSSOVER TRIAL WITH LONG-TERM FOLLOW-UP

Ricuarp E. CLarke, C.H.T..* L. M. Catauna Tenorio, MD.," James R. Hussey, PuD..’
AKN S. Tokw, M.D.." D. Livpsie Cone, M.D..Y Jose G. Hnarosa, MD.,' Samie P. Desal, B.D.S..
M.H.A..* Luis DomiwGuez Parra, MDD,/ SyLvia D. Ropricues, M.D..* Rosert J. LonG, M.D.,**

AND MARGARET B. WaLker, M.D. T

* Baromedical Research Foundation, Columbia, SC: " Department of Radiation Oncology, Instituto Nacional de Cancerologia,
Mexico City, Mexico: ' Department of Epidemiology and Biostatistics, University of South Carolina Arnold School of Public Health,
Columbia, SC; * Department of Underwater and Hyperbaric Medicine, Istanbul University, Istanbul Faculty of Medicine, Istanbul,
Turkey: YDepartment of Family and Preventive Medicine, Univensity of South Carolina School of Medicine, Columbia, SC;
Department of Surgery, Instituto Nacional de Cancernlogia, Mexico City, Mexico; * Department of Radiation Oncology, University of
Pretoria Medical Centre, Pretoria, Republic of South A frica; ** Wesley Centre for Hyperbaric Medicine, Wesley Medical Centre,
Brishane, Australia; and '’ Department of Diving and Hyperbaric Medicine, Royal Hobart Hospital, Tasmania, Austmlia

Pur pose: Cancer patients whoundergo radiotherapy remain at life-long risk of radiation-induced injury to normal
Tissues, We conducted a randomized, controlled, double-blind crossover trial withlong-term follow-up to evaluate
the effectiveness of hyperbaric oxygen for reflractory radiation proctitis.

Methods and Materials: Patients with refractory radiation proctitis were randomized to hyperbaric oxygen at
2.0 atmospheres absolute (Group 1) or air at 1.1 atmospheres absolute (Group 2). The sham patients were subse-

© 208 Elsevier Inc.

Conclusion: Hyperbaric oxyvgen therapy significantly improved the healing responses in patients with refractory
radiation proctitis, generating an absolute risk reduction of 32% (number needed to treat of 3) between the groups
after the initial allocation. Other medical manage ment requirements were discontinued, and advanced interven-
tions were largely avoided. Enhanced bowel-specific quality of life resulted.

UT TTSPTRTUTTS PrT UIITICEr asSosSinthn 0T Ui OToOp £ TO0.777 ¥V U0 70, TPy Ty = WO . SIETHTCarnT
improved when the data were analvzed from an intention to treat perspective (p = 0.0006). Group 1 had a better
result in the quality of life bowel bother subscale. These differences were abolished after the crossover.
Conclusion: Hyperbaric oxygen therapy significantly improved the healing responses in patients with refractory
radiation proctitis, generating an absolute risk reduction of 32% (number neceded to treat of 3) between the groups
after the initial allocation. Other medical manage ment requirements were discontinued, and advanced interven-
tions were largely avoided. Enhanced bowel-specific quality of life resulted.  © 2008 Elsevier Inc.
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PREOPERATIVE HYPERBARIC OXYGEN THERAFPY FOR BADIATION
INDUCED INJURIES

BRANDON D. POMEROY, LON W. EEIM anp RODNEY .. TAYLAOR

From the Setion of Disslagir Seeegery, Mepartmest of Burgery, alsaraie of Mokeeske Modieal Center and e Foremodicine Linif .ﬂl':ll.ﬁ.n.p
Clarkon Mimors! Hospira!, Omaka Nebrasks

ABETRACT

Purpese: We present our experience with preoperatively administered hyperbaric oxygen
therapy Lo patients who have sustained significant therapeatie radiation indoced soft tissue
myuries and subsequently undergo planned abdominal intervention/suwrgery.

Materinls and Mathods: From Febroary 1993 to May 1997, 5 patients with a histery of
complicatioms following therapeutsc rediation wers prospecuvely treated with hyperbaric oxygen
before a planned abdominal operation.

Hesalts; All patiemta had onewentful hospital conrses. An ndditsonnl proesdoare was ecentanlly
necessary in 2 patients but with fewer rsdiotion related problems fellewing hyperbarie oxygen-
ation.

Comelusions: Hyperbaric oxygenation may improve postoperative outeomes when given before
planned apen operations in patients with previoas therapeotic pelvic irrsdistion and a history of
radiation related complications.

BEY Wrars: sedenkis, hyperhsric neygenation, radsisen inuniss, gelvic nesplsamas
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ANTECEDENTS

Cancer sein droit 2012 : traitement par traitement conservateur - chimiothérapie pré-op - chirurgie d'exérése -
radiothérapie post-op ayant inclus les axes ganglionnaires axillaires et sus-claviculaires.

Bursite acromio deltoidienne droite depuis fin novembre 2012,

HTA.

Hypothyroidie.

TRAITEMENT ANTERIEUR

LEVOTHYROX 125
IPERTEN 20
DOLIPRANE

ANAMMESE :

Patiente adressee par IPC Dr MOUREALU-ZABOTTO pour plexite radigue.

- cancer sein droit 2012 : traitement par traitement conservateur : chimiothérapie pré-op - chirurgie d'exérése - radiothérapie post-op
ayant inclus les axes ganglionnaires axillaires et sus-claviculaires.

- Suivi IPC.

- cervicalgies d'irradiation descendante dans le bras droit + hyperesthésie du bras droit, du creux sus-claviculaire droit + déficit moteur
franc du bras droit évoluant depuis 2012 (post-radiothérapie).
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Faisabilité et Effets Secondaires

Disponibilite

Coult (prevention)

Effetsisecondaires

_, OBT, th. visuel transitoire

Reactivation tumorale ?




Reéactivation tumorale ???

Undersea Hyperb Med. 2003 Spring; 3001}:1-18.
Hyperbaric oxygen: does it promote growth or recurrence of malignancy?

Feldmeier J, Carl U, Hartmann K, Sminia P.
Radiation Oncology Department, Medical College of Ohio, Toledo, OH, USA.

It has been a concern that a therapeutic modality recommended as an adjunct to healing and administered to promote
proliferation of fibroblasts, epithelial cells and blood vessels in a wound could also lead to proliferation of malignant cells
and angiogenesis in a malignant tumar. The first reported concern that hyperbaric axygen (HBO2) might have cancer
growth enhancing effects appearedin a paper by Johnson and Lauchlan in 1966. In a series of patients treated with HBO2
radiosensitization, they reported a more frequent than expected incidence of metastases and an unusual pattern of
metastases. The published literature from clinical reports, animal studies and cell culture studies are reviewed. Putative
mechanisms whereby HBOZ could have carcinogenic effects are discussed. The processes of angiogenesis in wound
healing and in cancer growth are compared and contrasted. In vitro, in vivo and clinical studies strongly suggest no more
than a neutral effect of HBO2 on tumor growth. In fact some studies suggest a negative impact of HBOZ2 on malignant
progression or formation. For angiogenesis, similarities in wound healing and cancer are striking but significant
differences are found including the relative importance of angiogenic factors and the process of cessation of
angiogenesis. Tumaors that grow in hypoxic environments are maore prone to metastases and more lethal to the patient.
They are also more likely to mutate toward resistant genotypes. Discussion of postulated mechanisms of carcinogenesis
including free radical and immunosuppressive effects points out why they are not likely to enhance or cause cancer growth
arinitiation. In conclusion, the published literature on tumor angiogenesis mechanisms and other possible mechanisms
of cancer causation or accelerated growth provides little basis for HBOZ to enhance malignant growth or metastases. A
history of malignancy should not be considered a contraindication for HBO2 therapy.
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Cancer Treat Rev. 2008 Mov;34(7).577-91. Epub 2008 Jul 21.

Hyperbaric oxygenation for tumour sensitisation to radiotherapy: a systematic review of
randomised controlled trials.

Bennett M, Feldmeier J, Smee R, Milross C.

Department of Diving and Hyperbaric Medicing, Prince of Wales Hospital, University of NSW, Randwick, NSW 2031, Australia.
m.bennett@unsw.edu.au

Comment an:

Cochrane Database Syst Rev. 2005;(4):CD005007.

BACKGROLUMD: Radiotherapy is a well-established treatment for some solid tumours. Hyperbaric oxygenation (HBO) may
impraove radiotherapeutic killing of hypoxic cancer cells, so the simultaneous administration of radiotherapy and HBO may
reduce mortality and tumour recurrence. METHODS: We performed a systematic search of the literature in September
2007 for randomised controlled trials, and made pooled analyses of pre-determined clinical outcomes. RESULTS:
Mineteen trials contributed to this review (2286 patients). There was a reduction in martality for head and neck cancers at
one and five years after therapy (at five years RR 0.82, P=0.03, NMNT=5), and improved local tumaur control at three months
(RR 0.58, P=0.006, NMT=7). Any advantage is achieved at the cost of an increased rate of both severe radiation tissue
injury (RR 2.35, P=0.0001, NMNH=8) and the chance of seizures during therapy (RR 6.76, P=0.03, MMNH=22).
COMCLUSIONS: There is some evidence that HBO improves local tumour cantrol and maortality for cancers of the head
and neck, and local tumour recurrence in cancers of the uterine cervix. These benefits may only occur with unusual
fractionation schemes. HBO is associated with significant adverse effects including oxygen toxic seizures and severe
radiation tissue injury. The methodological and reporting inadequacies of the studies included in this review demand a
cautious interpretation. More research is needed for head, neck and uterine cervical cancer, but is probably not justified for
bladder cancer. There is little evidence available concerning malignancies at other sites.
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Xenobiotica. 2008 Dec;38(12):1471-5.

Increased distribution of carboplatin, an anti-cancer agent, to rat brains with the aid of
hyperbaric oxygenation.

Suzuki Y, Tanaka K, Meghishi D, Shimizu M, Murayama M, Hashimoto T, Yamazaki H.

Laboratery of Drug Metabolizm and Pharmacokinetice, Showa Pharmaceutical University, Machida, Tekyo, Japan.

1. The distribution of an anti-cancer agent carboplatin to brains was investigated in combination with hyperbaric
oxygenation tfreatment in rats. 2. After intravenous administration of carboplatin (30 mag kg(-1)) to male Wistar rats,
elimination curves of plasma drug concentrations plotted against a time of 45 min were not different with or without
hyperbaric oxygenation (at 0.20-0.25 MPa for last 20 min) treatments. 3. Carboplatin concentrations of livers, lungs and
kidneys in each group were similar at the endpoint of hyperbaric oxygenation treatment. 4. Under these atmosphere
conditions (at 0.10 MPa), carboplatin concentration was at an undetectable level in rat brains (=0.1 microg gi-1) tissue, n =
G). On the contrary, carboplatin was detected in all brains tested at the levels of 0.5 +/~ 0.3 microg gi(-1) tissue (mean and
standard deviation (3D}, n=6), 0.8 +~ 0.5 microg g{-1)tissue, and 0.4 +- 0.2 microg g(-1)tissue in combination with
hyperbaric oxygenation at 0.20, 0.22, and 0.25 MPa, respedctively, at the endpoint of hyperbaric oxygenation treatment. 5.
The results suggest that carboplatin could be uptaken into rat brains at the detectable levels by the aid of hyperbaric
oxygenation, consistently with the reported findings of enhanced transendothelial permeability and improved clinical
efficacy of carboplatin combined hyperbaric oxygenation therapy.
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Involvement of nitric oxide and hyperbaric oxygen in the pathogenesis of
cyclophosphamide induced hemorrhagic cystitis in rats.

Korkmaz A, Oter 5, Deveci 5, Ozgurtas T, Topal T, Sadir 5, Bilgic H.
Department of Physiology, Gulhane Miitary Medical Academy, Ankara, Turkey.

PURPOSE: We evaluated the relationship between nitric oxide and hyperbaric oxygenation in the pathogenesis and
treatment of cyclophosphamide induced hemorrhagic cystitis in rats. MATERIALS AND METHODS: Cyclophosphamide
(100 ma/kg) was injected in male Sprague-Dawley rats for cystitis induction. Animals were treated before and the day after
cyclophosphamide injection with 100 ma/kg of the nitric oxide substrate L-arginine, 20 mg/kg of the nonselective nitric
oxide synthase inhibitor L-MG-nitroarginine methyl ester and 20 mg/kg of the selective inducible nitric oxide synthase
inhibitor 3-methylisothiourea. Animals were exposed to hyperbaric oxygen (2.8 atmospheres absolute for 90 minutes twice
daily) with or without the administration of L-arginine and nitric oxide synthase inhibitors. RESULTS: Cyclophosphamide
injection resulted in severe cystitis. S-methylisothiourea produced marked inhibition of cyclophosphamide induced bladder
tissue damage. L-arginine and L-MG-nitroarginine methyl ester failed to a show meaningful protective effect. Hyperbaric
oxygen protected the bladder only against ulceration. Maoreover, hyperbaric oxygen did not contribute to the protective effects
of L-arginine, L-MG-nitroarginine methyl ester or S-methylisothiourea. COMNCLUSIONS: Mitric oxide produced by inducible
nitric oxide synthase is an important mediator in the pathogenesis of cyclophosphamide induced cystitis. Hyperbaric
oxygen has a beneficial effect on repairing bladder damaage rather than on bladder protection.
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) roven ) Haute Autorité de Santé H d S
*‘- Corr;glrinee " ! -

Hyperbaric /

 \ Shuinion % Paris 2007 HAUTE AUTORITE DE SANTE

A B C D E F

Type |

Prevention of osteoradionecrosis after dental extraction| sa surrisant | X

Osteoradionecrosis (mandible) SA SUFFISANT X

Soft tissue radionecrosis (cystitis) SA SUEFISANT X

Type |l

Radio-induced proctitis / enteritis SA NON DETERMINE A X

Radio-induced lesions of soft tissues X

Traitements alternatifs et place dans la stratégie thérapeutique : les thérapeutiques
alternatives sont constituées du traitement conservateur (antibiothérapie, corticoides, etc.)
et de la chirurgie. Pour le traitement de la cystite radio-induite, il s'agit du traitement de

1" intention. Les traitements alternatifs (instillation de formaldéhyde, corticoides) sont
d'efficacité réduite.

Radio-induced CNS lesion X




Agence d'évaluation

iﬂﬂ:‘mmm x Eur;:).éean ol
% modes Z Cemmittee
d’intervention en santé ETMIS — Quebec 2008 | Hyp;‘,’;:,ic ]

= +\_iasinine /4
Québec mara -

Force est de constater que peu d mdications de 1'oxygénothérapie hyperbare ont fait
I"objet de recherches ngoureuses et que les données probantes sont rares. Il est clair
que certaines affections ne se prétent pas facilement a des recherches pour des raisons
ethuques. Les consensus @ €xXpeils. DIell (ue 1011 COMplelemienit CONCOIdanits, constiuent
donc I'assise principale qui appuie et justifie le recours a3 I'OHB pour une majornté
d'indications climques. Ces consensus d’experts ouvrent également des avenues
mtéressantes a de nouvelles recherches de meilleure qualité méthodologique et a des
expériences chimques futures.




ECHM 2016 list of indications

Type 1 : Strongly recommended - « We recommend ... »

CONDITION ACCEPTED NON AGREEMENT COMMENT
ACCEPTED
Level of Level of
Evidence Evidence
A|lB|C|D]|E]|F
Typel
CO poisoning X Strong agreement No change
Open fractures with crush injury X Strong agreement No change
Prevention of osteoradionecrosis after deptal | X Strong agreement No change
extraction
Osteoradionecrosis (mandible) X Strong agreement No change
Soft tissue radionecrosis (cystitis, proctitis) X Strong a; EPYoctitis changed from T2 to ]
Sudden deafness X Strong ag===T=m==\-vidence upgraded from C to
Recommendation from T2 to T
Decompression illness X Strong agreement No change
Gas embolism X Strong agreement No change
Anaerobic or mixed bacterial infections X Strong agreement No change

1

B



ECHM 2016 list of indications

Type 2 : Recommended - « We suggest ... »

CONDITION ACCEPTED NON AGREEMENT COMMENT
ACCEPTED
Level of Level of
Evidence Evidence
A|lB|C|[DJ|E]|F
Typell
Diabetic foot lesions X Strong agreement| No change
Femoral head necrosis X Strong agreementEvidence upgraded from D
to B Recommendation from
NAto T2
Compromised skin grafts and musculocutangous X Strong agreement No change
flaps
Central retinal artery occlusion (CRAQO) Strong agreemerjt Upgraaed T3 to T2
Crush Injury without fracture X Agreement Added
Osteoradionecrosis (bones other than mandible) X Agreement No change
Radio-induced lesions of soft tissues (other than X Agreement No change
cystitis and proctitis)
Surgery and implant in irradiated tissue X Agreement No change
(preventive treatment)
Ischemic ulcers X Agreement No change
Refractory chronic osteomyelitis Agreement No change
Burns 29degree more than 20% BSA Agreement Upgraded from T3 to|T2
Pneumatosis cystoides intestinalis X Agreement Upgraded from T3 t¢ T2
Stage IV neuroblastoma Agreement No change




ECHM 2016 list of indications

Type 3 : Optional - « It would be reasonable ... »

O

CONDITION ACCEPTED NON AGREEMENT COMMENT
ACCEPTED
Level of Level of
Evidence Evidence
A|lB|C|D]|E]|F
Typelll
Brain injury (acute and chronic TBI, chronic X Agreement TBI added; chronic stroke
stroke, post anoxic encephalopathy) in highly upgraded from NAto T3;
selected patients post anoxic encephalopathy, n
change
Radio-induced lesions of larynx X Agreement No change
Radio-induced lesions of the CNS ) Agreement No change
Post-vascular procedure reperfusion syndrome X Agreement No change
Limb replantation X Agreement No change
Selected non healing wounds secondary to X Agreement No change
systemic processes
Sickle cell disease X Agreement Upgraded from NAto T3
Interstitial cystitis X Agreement Evidence upgraded from E to
Recommendation from NAto T!

C




* [INDICATION RECONNUE

6.

7.

. Extraction dentaire en tissu irradié (Prév.)
. ORN mandibulaire

. Cystite post-radique

Rectite post-radique
RN tissus mous et greffes musc. post chir.
Chirurgie et implant sur tissu irradié (Prév.)

Radionécrose os. et tissus mous

e [INDICATION A PRECISER

1.

2.

Radionécrose du larynx

Radionécrose du SNC

e PERSPECTIVES

1.

2.

Potentialisation de la radiothérapie

Potentialisation de la chimiothérapie

EFFICACITE

BONNE TOLERANCE

COUT LIMITE

PLURIDISCIPLINAIRE

ECHELLE EVALUATION

NIVEAU DE PREUVE



