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Intossicazioni da CO 
popolazione di origine italiana e quella immigrata - confronto 

n=618 (2 anni di casisistica CAV Pavia) 

età mediana: 40 età mediana: 26 

barriere linguistiche: adattamento degli strumenti valutativi usualmente utilizzati per l’inquadramento 
clinico anamnestico sia nella fase acuta che nella valutazione delle sequele a lungo termine,  

nei bambini come negli adulti 
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Weaver, 2009 

Clinical and physiological effects of CO  

 



Rose JJ et al., Am J Respir Crit Care Med, 2017

 

Hemoglobin (Hb) and mitochondrial effects of CO  

 



Rose JJ et al., Am J Respir Crit Care Med, 2017

 

Inflammatory mechanisms of CO toxicity  

 



Thom SR et al, 2004 



Weaver, 2009 

21-years-old normal volunteer 

age-matched patient with hystory of CO poisoning 

Highly sensitive 3-T MRI 





Emergency Care Journal, 2017 





Emergency Care Journal, in press 



Metodo utilizzato 





Definizione di intossicazione da CO 



Quando pensare al CO? 



Indicazioni per equipaggi del soccorso e triage 



Triage  



Valutazione clinica della gravità 

Grading Segni e Sintomi per fasce di età 

  0 - 2 anni 3-7 anni 8-14 anni 

grado 1 Asintomatico 

  

  

  

grado 2 

Nausea (conati) 

Vomito 

diarrea 

Irritabile 

Pianto non consolabile 

Rifiuta l'alimentazione 

Cefalea 

Dolore addominale con o senza diarrea 

    Vertigini 

  

  

grado 3 

  

I sintomi precedenti + 

tachipnea (senza movimento delle pinne nasali oretrazione sternale) 

Anomalie comportamentali 

Riferite alterazioni dello stato di coscienza (perdita transitoria di coscienza, sopore, stupore, coma) 

Riferite convulsioni 

Atassia 

Refill cutaneo rallentato 

Iporeattività 

Pianto lamentoso 

  

Disorientamento 

Tachicardia 

Alterazione della vista 

Dolore toracico 

grado 4: segni e sintomi 

presenti alla valutazione in 

Pronto Soccorso 

  

Tachipnea con segni di fatica respiratoria 

Sincope 

Convulsioni 

Alterazione dello stato di coscienza (sopore, letargia, coma) 

Arresto cardiaco 

  In caso di esposizione a fumi di incendio, oltre alla sintomatologia sopra riportata, considerare anche: 

presenza di depositi di  sulla cute , aditus vie aeree ( cavo orale e narici) 

grave instabilità emodinamica 

arresto cardiaco  ripristino attività cardio-respiratoria  (PALS  )->  priorità di trattamento antidotico 

Statement 9 

In tabella si riporta la suddivisione per l’assegnazione della gravità clinica 
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Differenza tra i livelli di 

COHb arteriosa e venosa 

Touger et al, Ann Emerg Med, 1995 



Weaver LK al., UHM, 2022

… clinically significant inaccurate carboxyhemoglobin measurement



Condizioni fisiologiche / patologiche / ambientali 



• blood gases determination (at least venous blood) with lactate level 

• complete blood count 

• fetal hemoglobin in patients younger than 1 year 

• hemoglobinopathies (e.g. metHb) 

• muscular damage biomarkers (creatine kinase)  

• myocardial damage biomarkers (troponins) 

• B-type natriuretic peptide or N-terminal-pro hormone BNP (BNP or NT-

proBNP) 

• glycemia 

• creatinine 

• EKG 

• thorax XR 

• pregnancy test in women of child-bearing age 

 

• cardiotocography control in pregnant woman 

Statement 12 

Recommended laboratory tests and imaging studies for initial evaluation of 

patients:   



NBO and HBO Treatment 

Statement 13 

Normobaric oxygen therapy (15 liters/minute with at least a non-rebreathing 

mask) should be administered to every patient, no matter the severity grade of 

symptoms 
 

Statement 14 

For those patients treated with hyperbaric oxygen therapy, it’s not indicated 

further adjuvant treatment with normobaric oxygen therapy after the hyperbaric 

oxygen treatments.  



NBO and HBO Treatment 

Statement 15 

 

Inclusion criteria for hyperbaric oxygen therapy : 

• asymptomatic pregnant patient 

• patient severity grade 3 and 4, independently form COHb levels 

• in case of fire smokes exposure, hyperbaric oxygen therapy is indicated also in 

those patients with severity grading 2 and with COHb levels below 10% and 

but this does not substitute the specific antidote therapy for cyanide 

poisoning if necessary (lactic acidosis) 

 

Inclusion criteria requiring a hyperbaric physician’s case-by-case evaluation: 

• patient severity grade 1 (asymptomatic) with COHb level presentation greater 

than 10%, 

• patient severity grade 2 

 

And with a specific risk-benefit oriented choice in case of: 

• a patient younger than 6 months of age because of the presence of fetal 

hemoglobin (independently from the value of COHb) 



HBO treatment protocol  

Statement 17  

Hyperbaric oxygen therapy (HBO) should be initiated, when possible, within 6 

hours and, in any case, no later than 12 hours from the diagnosis.  

Statement 16 

The more appropriate treatment regimen for hyperbaric oxygen therapy and the 

number of sessions will be evaluated in every single case by the hyperbaric 

medical specialist.  

 

One single treatment session can be sufficient for patients asymptomatic at the 

end of the session.  

 

In case of clinical indication to additional hyperbaric sessions, it is not considered 

beneficial to exceed an overall of 3 sessions in number. The number of sessions 

can increase in case of indication to treatment of delayed neurocognitive 

sequelae . 



Contra-indications to HBO 
Statement 18  

• impossibility to perform compensatory maneuvers (for age); in severe selected 

cases, consider the opportunity of a bilateral myringotomy, and the eventual 

positioning of trans-tympanic drainages (grommets),   

• not drained pneumothorax,  

• ongoing acute asthmatic attack,  

• status epilepticus,   

• patients suffering from an ethmoid bone fracture and rhinorrhea (risk of a 

dysbaric pneumocephalus occurrence while performing the required 

compensatory maneuvers), 

• therapy with doxorubicin or cisplatin (rare in pediatric age) 

 

Main relative contra-indications: 

• epilepsy under pharmacological treatment,  

• history positive for spontaneous pneumothorax, 

• pacemaker or ICD (on the basis of the technical sheet of these devices),  

• claustrophobic traits. 

 



Statement 19 

Normobaric oxygen therapy (15 liters/minute with at least a non-rebreathing 

mask with reservoir) should be administered until symptoms resolution, and in 

any case for at least 12 h, to those patients exposed to CO acute poisoning and 

not presenting indication to hyperbaric oxygen therapy or having indication to 

HBO but with concomitant contraindication to this line of treatment. 

Statement 20 

To those patients for which, despite indication, it is not possible to perform 

hyperbaric oxygen therapy, normobaric oxygen therapy (15 liters/minute with at 

least a non-rebreathing mask with reservoir) should be administered for at least 

24 h. The continuation of treatment will be decided considering a neurological 

clinical re-evaluation.  

Statement 21 

The patient in-chamber assistance follows the directives and rules of every 

hospital 



Statement 22 

Echocardiography may not be performed in asymptomatic patients with 

biomarkers and EKG within normal ranges. In case of alteration of one or more 

biomarkers, it is strongly recommended to have the patient undergo 

echocardiography within 24 hours. 

Statement 24 

Follow-up and long-term evaluation.  

45 days after hospital discharge it is advisable patient revaluation by the 

pediatrician for cardiac evaluation and/or for possible appearance of symptoms 

attributable to delayed neurological sequelae (NMR CNS) (in formative letter to 

parents). 

Statement 23 

The young patient can be discharged after a minimum of 12-24 hours of 

observation from the end of the normobaric/hyperbaric therapy and with 

normal laboratory analysis and imaging studies, according to clinical evaluation.  



However, with appropriate consideration for pathology and therapeutic 

mechanisms, we conclude that HBOT at a dose of 2.5–3.0 ATA is a necessary 

treatment for this toxidrome.  

2022 



«Every day, thousands of patients around the world are poisoned by 

carbon monoxide. Some die in the prehospital setting, but many more 

present in need of treatment. Clinicians who opt to treat them with HBO 

do so in the hope that it might help, not because they know it will. Even 

as a card-carrying HBO sceptic, I myself recommend the therapy from 

time to time, but I do so with the recognition that I am operating …» 

 

2022 





Delayed encephalopathy of acute carbon monoxide intoxication in rats:  

potential mechanism and intervention  

 

Xiang W-P. 2014  



2023 



Kim S et al., 2023  



Kim S et al., 2023  



Oh S, Choi SC. Neural Regen Res. 2015  



COHb 

2-3 ys 

4-9 ys 

10-15 ys 

16-37 % 

4-25% 

26-36% 

6 

8 

6 

irritable, anxiety 

mnestic/visuo-spatial disorder 

auditory/visual deficits 

Psychological sequelae n° age 

Short term f-up 

3 months 

(n=20) 
only 3 coma at ED 

Long term f-up 

2-11 years 

(n=14) 
4 coma  

3 somnolence 

at ED 

2-3 ys 

4-9 ys 

10-15 ys 

2 

6 

6 

1 serious spatial, spelling, lexical disorders 

2 mild (memory) and 3 serious disorders 

2 mild (memory) and 4 serious disorders 

19-24% 

13-42% 

23-32% 

after CO exp. 

4 months after 1 year after 

18 days after 
12 ys 

coma 

6.9 ys 

coma 

COHb 25% 



2022 



Cyanide ! 





Correlation between cyanide levels (μmol/l) and COHb concentrations (%) in the 

blood of patients after smoke inhalation (correlation coefficient: 1.68; p<0.0001) 

v 



Intossicazione acuta da CO nel bambino 

Conclusioni 

• CO: veleno funzione e lesionale 

• clinica di presentazione “subdola” 

• insorgenza precoce nel bambino 

• criterio epidemiologico 
 

• pulsiossimetro (rilevazione non invasiva al triage) 
 

• trattamento con ossigeno normobarico  

– Ossigeno iperbarico 

– Antiossidanti (es. NAC) 

– Steroidi 
 

• follow-up  

– danno d’organo (miocardio “stordito”) 
– sequele neurologiche  

• attenzione a esposizione a fumi di incendio domestico 
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Esperienza Centro Iperbarico di Fidenza – 

dr. Vezzani 

• gennaio 1990 al dicembre 2010  ( 26 bambini/anno) 

– 520 bambini  

• età compresa tra zero (15 giorni) e 12 anni  189; 36% (15 

giorni e 4 anni)  

• casco (nel quale venivano infilati fino al diaframma)  

– bambini età inferiore a 15-18 mesi  

• maschere con valvola di non ritorno per rendere 

minimo lo spazio morto 

 

• non sono stati segnalati effetti avversi 

 



Persistenza delle alterazioni del 

metabolismo cellulare indotte da CO 
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CITOCROMO OSSIDASI 
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FOSFOFRUTTO CHINASI 
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PIRUVATO CHINASI 

Coccini T et al, 2004 



Analisi retrospettive 

N=28 

Crocker PJ, 1985 

 

% N=74 

Yarar et al, 2008 

(1 – 18 anni) 

% N=30 

Cho et al, 2008 

(2-17 anni) 

% 

nausea 100  confusione mentale 52.7  alterazioni dello stato di coscienza  86.7 

cefalea  93 vertigine  37.8 convulsioni  23.3 

vomito  75 cefalea e nausea 32 cefalea e vertigini 10 

letargia  63 vomito  31 vomito  3.3 

sincope  56 sincope 23 - - 

convulsioni  3.5 astenia 16 - - 

- - convulsioni e coma 9.5 - - 

- - (6/74; 8.1%) asintomatici  

in PS; 4/6 CoHb 20-40 % 

(prelievo eseguito tra 30 

minuti e 3 ore dal termine 

dell’esposizione)  

- intossicazione accidentali (16), volontarie (6) 

e secondarie a esposizione a fumi di 

incendio (8) 

 

(8/30; 26.7%) clinica più severa: acidosi 

metabolica severa (62.5%), ipotensione 

(25%) e convulsioni (25%) 

- 


