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Pathologies d’'incendie

1 Briulures
1 |Inhalation de fumées

1 Explosion
1 Blast

1 Pathologies connexes
1 Hystérie
1 Sur-accident




Inhalation de fumées

1 Types d'inhalations:

1 Air chaud
m Brllures des muqueuses

1 Suies
m |rritation locale immédiate: cedéme
e [rritation a distance

1 Gaz a effets systemiques
m CO :coma
B Cyanure de K+ : instabilité hémodynamique

1 Poussieres diverses si effondrement
= Béton

= Amiante
E ...




Inhalation de fumées

1 30% des brulés

1 Mortalité importante

1+20% mortalité / surface brilée

1 Inhalation sans brilure
m Mortalité 3-11%

1lnhalation + bralure:
m 30-90% déces
1 Predispose au developpement de
pneumonies
1 Mortalité + 40%




Inhalation de fumées

1 Aussi chez professionnels
Iimplications en médecine du travail

IProblemes respi chez pompiers
mGénéral: OR:1,2a1,4/25feus/ 1 an
mSi 1 accident: OR: 1,7-3,0

12001/9/11 NYFD
mPas fumés d’incendies franches
®m Effondrement: béton, amiante,...




Air Chaud

1 Degagement important de chaleur
1 Brile surtout VAS

1 Perte de chaleur dans VA.
1 Exception: vapeur d’eau

1 Clinique:
1 Souvent associé a brilures au visage
1 Détresse respiratoire aigue
1 (Edeme glottique

1 Traitement:
1 Intubation rapide
1 Traitement supportif (ventilation mécanique)




Daegu, 2003/02/18
At 9:53 AM on February 18, 2003, a e occurred at & Subway

n 96
station In Daegu, a large city In the Republic of Korea, This fire J@ - Mean age, years (SE) 35.2 (2.56)
Coe ; 5
caused 192 deaths and 148 injuries. Two subway traing were W~ ssate, n ¢ 43 (25)
Female, n (%) 53 (55)

completely immolated. A host of synthetic materials had been , ,
History of smoking

used m the construction of the subway, including fimishing i iled e
Smoker, n (%) 13 (14)
remntorced products polyester, glass fibers, carbonated calciurm, [l Exposure duration, min, range 520
Mean COHb, % (S.E.)® 9.1 (1.34)
Presenting clinical features, n (%)°
Sore throat 78 (89)
Hoarseness 51 (58)
Cough 85 (97)
Dyspnea 82 (93)
BURNS 33 (2007) 200-208 Chest pain 28 (32)
Sooty sputum 75 (85)
Wheezing 39 (44)
Stridor 15 (17)

Definition of abbreviation: COHb, carboxyvhemogloin. (a and b)
measured in 86 and 88 victims, respectively.




Buenos Aires, 2004/12/30

On 30 December 2004, a flare burst into an overcrowded rock
club in Buenos Aires. Locked exit doors trapped participants in
smoke and flames. The fire killed 194 and injured over 700
people, causing Argentina’s worst disaster in the past 60 years.

Table 1 - Data from the victims (n - 13) under mechanical Table 2 - Groups of patients graded according to depth of

P . s . . . . mucosal damage estimated by fibre-optic bronchosco
ventilation maintained in the intensive care unit (ICU) on admission, ?n line with Ch};u’s cla:sification 7] Py

Characteristic Mode (min-max) Mean + S.D. Grade

Number of Findings
Age (years) 21 (15-29) 225+ 3.9 patients
APACHE II 27 (7-35) 220+8.9 GO 0 Negative (no mucosal damage)
MV (days) 6 (1-46) 11.5 + 13.0 Gb 0 Positive (mucosal damage) con-
ICU (days) 31 (1-58) 15.9 + 16.6 firmed by biopsy o
Hospital (days) 1 (1-62) 21.9 + 16.9 Gl 7 Mlld.oedema + hyperaemia, with
Mortali 2/13 or without carbon soot
SAER G2 1 Severe oedema + hyperaemia,

S.D., standard deviation, APACHE, acute physiology, age and with or without Ca_rbon soot

G3 4 Ulceration, necrosis, no cough

chronic health evaluation; MV, mechanical ventilation. . .
reflex or bronchial secretions




Suies / fumées

1Souvent sous estimé

IHistoire de I'incendie
ELieu clos,
m Plastics,..
IPrésence de suies
mNez / visage / bouche
1Tableau clinigue:
masthme, wheezing, hypoxie
m Rare a 'admission
®Mauvais pronostic




Suies

1 Substances irritantes
1 Charbon => couleur noire

1Dégradation des plastics, des parquets laminés
(formaldehyde,...)

1 Clinique:
1 En général peu de symptomes au debut
1 ARDS tardif (5-10 jours)

1 Rx thorax
1 Peu contributive a admission
1 Médico-legal : apparition d'anomalies

1 Bronchoscopie
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At admission After 24 h

Fig. 3 - Worsening of acute lung injury (ALI) after 24 h,
Initial normal oxygenation or chest radiograph can lead to
underestimation of the level of injury (ALI= 1.6 +1.1 vs.
2.6 0.9, p=0.020).
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1 CPK admission
1 Facteur gravité
1 Rhabdomyolyse associée
1 Mauvais pronostic

0 40
Total ICU days

Fig. 2 - (A) Exponential decrease of creatine kinase among
survivors, reaching nommal levels by the 3rd day, n = 38,
r=0.45, p < 0.004. (B) Initial creatine kinase levels in all 15
victims admitted to the intensive care unit plotted against
length of stay in the unit shows a significant linear
relationship, r = 0.54, p=0.03.




Suies
1 Descend d’autant plus bas que de petit

diametre

1 > 10um : VAS
1 10 > 3 um: arbre bronchique
1 3> 0,5 pum: alvéoles

1 < 0,5 um : reste dans les gaz, expirees. .
1 Surveillance rapprochée

1 Intubation si degradation respiratoire
1 Traitement supportif
1 Mauvais pronostic
1Lésions -sténoses




Daegu, 2003/02/18

Table 2 - Outcome and late structural complications

Fatients without El (n=79] ] ts with El (n =17)

Outcome
Survival
Death
Complications
ocal cord sten
Trachezal stenoais

Definition of abbreviation: El, endotracheal mtubation.




Suies
1 Autres traitements
1 Maintenir oxygenation
m Sa02 > 90%, + humidification

1 N-acetylcystéine +/- héparine en aérosols
® Fluidifiant
E Fibrinolytique: caillots

1Bronchodilatateurs

1Bronchoscopie thérapeutique
= Nettoie les vois es aériennes

1 Dépistage et traitement des pneumonies
E Expectorations
e Antibiothérapie

1 Mobilisation précoce / kiné respi.




Efficacité des corticoides

Table 4 - Relationship between the use of steroid and the changes of pulmonary functions in patients with out
endotracheal intubation

Parameter Mon-steroid-treated (n = 22) Steroid-treated (n = 19) p-value

Apge, years 3294327 3844 462 0245
Sex (M) 17 147 0.735
Monsmoker/amoksr 0 13 0051

FVC, % pred.
Initial B44+ 308 771+ 445 0.175
3 months later G504+ 3387 426+ 355 0.540
Change of FVC 1006+ 250 155+ 648 0.471

FEV3, % pred.
Initial B354 416 8274542 0910
3 months later GR4+ 34587 9954+ 419 0.835
Change of FEV, 149+ 316 16,8+ 648 0785

FEV/FVC, %
Initial 795+ 156 B384 202 0.087
3 months later BLo94 1592 8534 145 0.786
Change of FEV,/FVC 64 4+ 205 15+206 0.087

FEFyq_yes, % pred.
Initial 7154+ 579 7R14 736 0.475
3 months later GES L 466 9.8+ 740" 0417
Change of FEFss 75 215+ 629 7354+ BE3 0.845

P < 0,05 “p< 0.01 va. the initial value for each group. Data are mean +5E. orm

Corticosteroid therapy 1s contraindicated in the case of fire

vicims with combined surface burns and inhalation injuries, as
1t does not appear to generate any significant benefits with
regard to complications and mortality [14,15]. However, therole




Suies

1 Complications tardives

1 Stenoses tracheales
® Sous glottique
E Ballon du tube
= Traitement chirurgical

Fig.3 - Laryngoscopic findings 3 (A); 16 (B); and 78 (C) days after extubation, showing posterior commissure stenosis (arrow)
of the vocal cords, with anterior adhesion (arrowh ead).

1 Déficit pulmonaire chronique
® Rare, résolution rapide (mois)
m Suivi par EFR




Toxicitée Systemique

1 Deux toxiques principaux
1 CO
1 Cyanure

1 Toxicité métaboligue (systémique)
1 Mitochondries

1 Mortalité precoce

1Morts sur place
1Dans la 1€ heure de I'incendie.




Toxicitée Systemique

1 Diagnostic présomptif
1 Lieux clos
1 Suies
1 Altérations neurologiques
1 Instabilité hemodynamique
1 Arrét cardiaque




CO

1 Combustion normale des gaz
1 CO2

1 Incendie en milieu clos : CO
1Manque d’'O2

1 Probleme:
1 Affinité pour Hb > 200 X O2

1 Se fixe a Hb au lieu de I'O2 (compétiteur)
m Plus de transport d'O2
B Ischémie des tissus
m Shift de la courbe de dissociation Hb vers la G.
1 Pas relaché au niveau des tissus
e Reste longtemps




Signs and Symptoms
Fatigue  Meuropsychological impaimment  Confusion Ataxia Myocardial infarction

Headache Anxiety or depression Dizzihess Loss of consciousness

Mo symproms Malaise Mausea Womiting Caonvulsion Brain infarction

Carbon monoxide level

Exposure duration

Phy siological Effects

Physiologic
functions I

| o e BebeEbabEhERLLEGELELLELEE]

Protective
or adaptive
Fesponse

Inflammaticn

Figure 1. Spectrum of Symptoms and Effects of Exposure to Carbon Monoxide, According to the Level and Duration
of Exposure.

In all humans, small amounts of carbon monoxide are present and are important for multiple physiclogic func
tions, including neurotransmission. Exogenous exposure to amounts of carbon monaoxide above physiclogic levels
can result in a protective or adaptive response, but exposure to even higher levels results in toxic effects. Toxic ex-
posures can cause inflammation, followed by hypoxia, although there is uncertainty regarding the range of carbon
monoxide exposures above which inflammation occurs (as indicated by the dashed ling). The signs and symptoms
of poisoning are highly variable, depending on the acuity and duration of the exposure.

N ENGL ] MED 360;12 NEJM.ORG MARCH 1g, 2009




Inflammatory mechanisms

Hypoxic mechanisms
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CO

1 Clinigue: dépend du taux sanguin
1 < 3% chez non fumeur
1 <10 % : fumeur
1 10-20 %: nausées, vomissements, céphalées,

vertiges.
1 20-50%: symptomes neurologiques majeurs:

m Coma
. Table I. Carboxvhaemoglobin (COHB) levels and corresponding
E COﬂVU|SIOnS symptomatology

1 > 50 o/o: déCéS. COHDb (%) Svmptoms

10 Asvmptomaric or mav have headaches

20 iness, nausea and syncope

30 i

40

50 Selzures ¢ coma

a0 Cardio-pulmonary dvsfunction and death

Rorison and McPhemson 1992,




CO

1 Danger majeur pour

1 Enfants
1 Femmes enceintes (mortalité foetale > 50%).

1 Séquelles neurologiques a long terme : +-50 %

1 moins fréquentes si traitement hyperbare (+- 25%) ?
1 Reévaluation a 30 jours: testing neuro.

1 Autres organes touches:
1 Coeur: ECG, troponine: infarctus myocardique, angor




Lésions neurologiques

N ENGL | MED 3 60;12 NEJM.ORG MARCH 14,




1 Traitement:
— Oxygene
1 2 vie air ambiant: 5 h
1 2 vie sous O2 100% NRM: 80-90 minutes

1 2 vie sous O2 hyperbare (caisson > 2 atm): 20
minutes

— Premiere chose a faire: O2 100% immédiat




CO

1 Traitement:

— Indications de caisson hyperbare:
1 > 25% CO
1 Femmes enceintes, enfants

1 Symptomes neurologiques majeurs (convulsions,
coma,...)

1 Souffrance cardiaque
1 Acidose sévere




Cyanure

1 Produit de combustion < colles chimiques
1 P ex: parquets laminés, laines, PU,
1 Nécessite une températur e> 315°C
1Libéré sous forme de HCN




Cyanure

1 Bloque l'utilisation oxygene par tissus

(cytochrome oxydase)
1 Passage en anaérobiose

1 Production acide lactique
E => acidose métabolique

1 Elévation oxygéne veineux
1 Pas d’amelioration par O,

1 Pas de technique de dépistage direct




Cyanure

1 Clinique:

1Présence d’au moins deux signes suivants
= Atteinte neurologique: convulsion, confusion, comas
m Suies dans la bouche ou expectorations
® Acidose lactique > 8-10 mmol/L.

1 Choc
m Dysfonction cardiaque
® Instabilité hémodynamique
® Hypoperfusion cerebrale: pétechies, hemorragies

1 Mort subite




Cyanure: Symptomes

Table 1 Common signs and Symptoms of Cyanide Poisoning

Symptoms Signs

Headache *  Altered Mental Status (e.g., confusion,

. ; disorientation
Confusion au )

oy ]
e | ©5 SO0
Dyspnea Seizures or Coma

Chest tightness Mydriasis
Nausea Tachypnea / Hyperpnea (early)
Bradypnea / Apnea (late)

Hypertension (early) / Hypotension (late)
Cardiovascular collapse

Vomuting

Plasma lactate concentration =8 mmol/L




Cyanure

1 Dose toxique
1 Adulte: > 1 mg/L ( 39 umol/L)

1 Dose létale:
= Adulte: 2,6 — 3 mg/L (100-115 pumol/l)
® +- 33- 87% des victimes décédees (méta-analyses)

1 Traitement de base

1 Manoceuvres de réanimation de base
® Intubation si GCS < 8/15.
m RCP

1 Correction acidose / maintient TA
1 Antidotes




Cyanure: Antidotes

1 USA: Cyanid Antidote Kit

1 Mélange de drogues
= Nitrites Amyle et NA
E Thiosulfate Na

1 Mal toléré
® Nitrites: MetHb
® Hypotension
®m Choc

1 Dosage precis
1 Peu stable
1 Pas en extra-hospitalier.




Cyanure: Traitement

1 France : Hydroxycobalamine (Cyanokit®)
1 HbCOb

1 Detoxifie le CN en Cyanocobalamine (vit B12),
B Inactif
m Eliminé par urines

1 Utilisé en France depuis 1996
m Pompiers de Paris: extra-hospitalier

= Etudes prospectives sans cas témoins
m Modéle animal prometteur

1 Agit en 20 min, LCR en 30 min.




CYANIDE POISONING AND CARDIAC DISORDERS: 161 CASES

Jean-Luc Fortin, mo,” Thibault Desmettre, Mo, pHp” Cyril Manzon, mp," Virginie Judic-Peureux, mp”
Carcline Peugect-Mortier, mp,” Jean-Pascal Giocanti, mo,” Mohamed Hachelaf, mp,” Mare Grangeon, mo”
Ulrike Hostalek, mot Julien Crouzet, mo” and Gilles Capellier, Mp, PHD"

*Capartment of Emergency and Critical Care Medicing, Jean Minjoz University Hospital, Basangon, France and tMarck KGs
Darmstact, Gammany

6l patients with cardiorespiratory arvest

] I

|J" patients died at the scene despite antidotal treatment

I4 adulis + & children

Mean adult hivdroxocobalamin dose used = 4,37 £ 1,10 grams
Mean pediatric hydroxecobalamin dose used = 230+ 0.44 grams

26 patients who recovered spontancous cardiac activity after antidotal
treatment with subsequent death in hospital

24 adulis + 2 children

Mean adult hydroxocobalamin dose used = 6,04 = 207 grams

5 adult patients surviving without any sequelae, particularly neurolagical
Mean adult hyvdroxocohalamin dese used = 7.50 + 1.5 grams
Mean cyanide levels before antidotal administration = 4.76 + 1.%2 mg/L [3.4-6.1Z mg/L]

Figure 1. Outcome of patients in cardiovascular arrest after poisoning with fire smoke and treatment with hyd roxccobalamin
(Cyanckit®; Merck KGaA, Darmstadt, Germany [in the United States, marketed by Meridian Medical Technolegies, Bristol, TN]).

The Journal of Emergency Medicine, Vol. 38, No. 4, pp. 467-476, 2010
Copyright © 2010 Elsevier Inc.




Cyanure: Traitement

1 France : Hydroxycobalamine (Cyanokit®)

1 Facile d’'emploi
Disponible en flacons de 2x 2,5g (dose adulte)
Reconstituer dans 100 ml SP (25 mg/ml)
IV lent (15 minutes)
Adulte: Utilisation 5 a 15 g selon réponse
Enfants: 70 mg/kg




Cyanure: Etudes

1 Borron et al (2007), Ann Emerg Med vol 49,No6: june 2007
1 Victimes d’'incendie (1987-1994)

1 69 adultes : risque d'intox CN
E Altération conscience
E Suies visage, nez, expectos

1 Prélevement CN avant hydroxycobalamine
m Confirmer intox CN/CO.

1 59 sur place, a répéter sn (max 15 g).
1 Morts extra-hospitaliers exclus




Cyanure: Etudes

Cyanide Poisoning Status

Clinical Outcomes and Hemodynamic Messures

All Patients
(n=869)

Cardiorespiratory Status*

Present
{n=42)

Absent
(n=21)

Arrest Present
(n=15)

Arrest Absent
(n=54)

Survival rate
Outcome. No. (%)
Survival

Death

Decercbration, Mo.
Saptic shock, No.
Prieumonia, Mo.
Meurslogic outcomes

Initial neurologic signs present,™ Mo, (%)

Meurslogic outcome, No. (%)
Resolution

Meurspeychiatric sequelas
Death

Hemodynamic characteristics

Median pulse rata, bpm (25", 75" percentile)

Preinfusion
At the end of first infusion
On arrival at the ICU

Median systolic blood pressurs, mm Hg (25, 75T

percentila)
Preinfusion
At the end of first infusion
On arrival at the ICU

EO(T2)
1S{25)
13

B

1

G5 (565

38 (5a)
{14
19 (29)

98 (81, 109)
91 (80, 105)
98 (80, 110

12320100, 140)
140120, 150)
125106, 150)

28(67T)
14(33)
9
a4
1

41 (98

21(61)
Gi1E)
14 (34)

G5 (79, 104
G4 (584, 108)
100080, 100

120 (90, 140)
140 {120, 150)
125 {100, 150)

18 (BE)
3(14)
2

1

19 (90)

13 (GB)
3 (1E)
3ilE)

100 (80, 1185)
B0 (79, 97)
95 (81, 102)

130 (120, 145)
130 (120, 150
132 (115, 145)

15 (1000

2(13)
0 |: 0 :|

13(87)

0o, 80)
100 (281, 110)
104 (80, 115)

0o, 1209
130 (70, 150)
1200460, 150)

48 (89)
Gi11)

51 (94)

36 (T1)
9{12)
G(12)

100 (90, 1100
91 (80, 100)
G7 (80, 108)

1300112, 145)
140120, 180
125110, 150)

Maodian diastolic bleod pressure, mm Hg {25, 75
percentila)

Preinfusion

At the end of first infusion

On arrival at the ICU

7O (0, 20)
070, &7)
B0 (@0, 100

TOE0, 80)
2070, 80)
20 (55, a)

20 (G5, 85)
79 (60, 85)
G0 (59, 102)

00, 705 S0(70, 90
T0iE0, B0) S00T0, 90)
7047, 90 S0(G0, 100y
*Patients might have received supportive treatment isg, catecholamines, cardiopulmonarny resuscitation) that sxplains the presence of a pulss rats and blood pressurs

&t the preinfusion measursments in patients in cardiac or cadiorsspiratory amsst,
THeurslogic outzomes were not known for all patisnts.




Cyanure: Etudes

1 Borron et al (2007), Ann Emerg Med vol 49,No6: june 2007

1 Effets secondaires
®m Coloration peau et mugueuse (rose/rouge)
1 Coloration des urines
: Hypertension modérée
1 Erytheme




Cyanure: Etudes

1 Interfere avec mesure du CO, MetHb et
(augmentée).
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Cyanure: modele animal

1 Borron et al (2006), ciinical Toxicology, 44: 5-15, 2006

Placebo (n=17)




Cyanure: Etudes

1 France: Haouach et al

1 41 enfants avec inhalation fumées (moy. 5 ans)
m Mortalité 44% (27% sur place, 17% hopital)
m 70 % des vivants: tableau neurologique (CN-CQO)
1 Hydroxycobalamine:

e Mortalité 4% si pas en arrét a la prise en charge
= Mortalité 94% si en arrét a la prise en charge




Conclusions

1 Intoxication par fumées frequentes
1 Conséguences graves (morbi-mortalité)
1 Toxiques systémiques: CO et CN

1 Traitement pré-hospitalier indispensable si
1 Suies
1 Altération conscience, répercussions hémodynamiques
1 Déces?

1 CO: O, 100 % NRM

1 CN: Hydroxycobalamine
1 70 mg/kg (enfant)
15 g (adulte) a répéter si nécessaire
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