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Carbon Monoxide Poisoning 

Introduction 

 Carbon monoxide is a colorless, odorless, tasteless, toxic gas 

 Generated during incomplete combustion of carbon based 

compound 

  When inhaled, can cause serious physical problems and 

even death 
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Carbon Monoxide Poisoning 

 Carbon monoxide is a common cause of poisoning worldwide 
including Hong Kong 

 

 Unintentional 

 Domestic accident 

 In-house heating(burning wood/charcoal) - during power failure in winter 

 Setting fire in enclosed space 

 Intentional 

 Car exhaust 

 Burning charcoal – as a comfortable way of suicide 

 Hong Kong & Taiwan 

Paraquat 

CO 

Any other substance 

PLOS ONE | DOI:10.1371/journal.pone.0128980 June 2, 2015 
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Narghile Smoking 
Am J Case Rep. 2016 Sep 13;17:660-2  

Suicidal asphyxiation by carbon 

monoxide within a polythene bag  
Med Leg J. 2016 Sep 12. pii: 0025817216669286  

Unintentional deaths from carbon-

monoxide poisoning due to a 

traditional practice observed during 

the post-partum period 
Med Sci Law. 2016 Sep 14. pii: 0025802416668459  

Annals of Occupational and Environmental Med 2015;27:13 

Pathophysiology (1) 

 Incompletely understood 

 CO + Hb  CO-Hb 

 Competitive with O2 with heme sites on Hb 

 >200 fold higher affinity than O2 

 Increase affinity of remaining sites for O2, shift O2 dissociation curve towards 

left 

 Decrease both the O2-carrying and O2-delivery capacity of blood 

http://www.ncbi.nlm.nih.gov/pubmed/27618983
http://www.ncbi.nlm.nih.gov/pubmed/27620849
http://www.ncbi.nlm.nih.gov/pubmed/27628167
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Pathophysiology (2) 

 Disrupt the cellular oxidative processes by binding to intracellular 

proteins 

 Myoglobin, cytochromes a, a3 

 During recovery, causing marked oxidative stress and 

inflammatory responses 

 NO generation  peroxynitrite production 

 Lipid peroxidation 

 Apoptosis (programmed cell death) 

 Immune-mediated injury 

 Varying degrees of end-organ damage, especially the brain 

Two syndromes 

 Persistent neurologic sequelae 

 Symptoms immediately evident following poisoning 

 Delayed neurologic sequelae, 

 Days or weeks later 

 Varies between reports from few % to two thirds  

 Symptoms includes 

 Personality changes 

 Depressed mood,  

 Impaired short-term memory, poor attention & concentration 

 Parkinsonism or 

 Rarely focal neurological injuries or coma 
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Long-term risk of Dementia with CO poisoning 
Wong CS etal, Medicine 95(3):e2549 

Taiwan NHIRD 2004 – 2013 

14,590 CO patients vs. 

58,360 controls from comparison cohort  
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Signs and Symptoms 

CO-Hb Clinical Manifestations 

0-4% None - Normal 

5-9% Minor Headache 

10-19% Headache, Shortness of Breath 

20-29% Headache, Nausea, Dizziness, Fatigue 

30-39% Severe Headache,  Vomiting, Vertigo, ALOC 

40-49% Confusion, Syncope, Tachycardia 

50-59% Seizures, Shock, Apnea, Coma 

60% - > Coma, Death 

Koster LA, Rupp T.The Silent Killer, Recognizing and Treating Carbon Monoxide Poisoning. JEMS. October 2005 

Cherry Red discoloration is rare! 

Measurement of carboxyhemoglobin (CO-Hb) level 

 Pulse CO oximeter 

 Masimo Rad-57 signal extraction 

 Rapid, continuous, field measurement 

 But, inaccurate (-11.6% to 14.4%) 

 As part of the routine A&E triage, especially during winter time# 

 Lab Co-oximetery 

 Gold standard 

 Confirm clinical diagnosis 

 Correlate poorly with outcome 

#Deniz T etal, CO poisoning cases presenting with non-specific symptoms, Toxicol Ind Health 2016 Aug 4,pii:0748233716660641 
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Radiology  and  outcome  in  carbon  monoxide  poisoning  531

Figure  1  (A)  Axial  CT,  (B)  axial  T2  MRI,  (C)  coronal  T2  MRI,  and  (D)  axial  T1  MRI  of  Case  1.

Figure  2  (A)  Axial  CT,  (B)  axial  T1  MRI,  (C)  axial  T2  MRI,  and  (D)  axial  T2  MRI  (30th  day)  of  Case  2.

Radiological changes 

Axial CT 

Coronal T2-MRI 

Axial T2-MRI 

Axial T1-MRI 

Management 

 Removing patients from source of CO 

 General Supportive Care 

 Normobaric oxygen therapy 

 Speed up elimination of CO from body 

 Hyperbaric oxygen therapy (HBOT) 
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Hyperbaric Oxygen Therapy (HBOT) 

 

 Breathing of 100% oxygen by patients within hyperbaric 

chambers with more than one atmospheric pressure (> 1ATA) 

 

 > 1.4 ATA 

Chiew AL, Buckley NA, CO poisoning in the 21st century, Critical Care 2014;18:221 

Goal of HBO 

 Not for CO-Hb clearance nor short term hospital survival but 

 Prevent or alleviate 

 Persistent neurologic sequelae & 

 Delayed neurologic sequelae 
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Elimination of CO-Hb over time 

Indications for HBO –Undersea and Hyperbaric Medical 

Society (UHMS) 

 Air or Gas Embolism 
 Carbon Monoxide Poisoning 
 Clostridial Myositis and Myonecrosis (Gas Gangrene) 
 Crush injury, Compartment Syndrome and Other Traumatic Ischemias 
 Decompression Sickness 
 Arterial Insuffciencies 
 Severe Anemia 
 Intracranial Abscess 
 Necrotizing Soft Tissue Infections 
 Osteomyelitis (Refractory) 
 Delayed Radiation Injury (Soft Tissue and Bony Necrosis) 
 Compromised Graft and Flaps 
 Acute Thermal Burn Injury 
 Idiopathic Sudden Sensorineural Hearing Loss (8 October 2011) 
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HBOT 

for delayed neurologic sequelae 

 

Very Controversial 
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CO Poisoning and Subsequent Dementia 
Lai CY etal, Medicine 95(1):e2418 

Taiwan NHIRD 2000 – 2011 

9,041 CO patients vs. 

36,160 controls from comparison cohort  

2011 
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Annane 2010 (Continued)

with a type I error of 0.05 and a type II

error of 0.10 using atwo-sided test.”

Quote: “One interim analysis was sched-

uled after inclusion of 300 patients to al-

low premature study termination if data

suggested a largedifference between treat-

ment arms, serious treatment-related ad-

verseevents, difficulties in conducting the

trial, or futility”

Quote: “The trial was terminated prema-

turely after the interim analysis (January

2000), based on a total of 385 patients,

showingthat, in comatosepatients(trial B)

, the 1 month complete recovery rate was

lower in the“twoHBO sessions” arm com-

pared tothe“oneHBO session” arm (47vs.

68%, P = 0.007). Furthermore, in trial A

patients, recovery rateswereclose(61% in

control arm vs. 58% in experimental arm)

, suggesting futility of treatment continua-

tion. Accordingly, wedecided to terminate

trial A also.”

Comment: Trial A appears to have been

stopped largely on the basis of the results

from Trial B which was poorly justified.

However, while thisreduced the power of

thestudy, it isunlikely to lead to abias

Mathieu 1996

Methods Prospective, randomised, unblinded trial.

Participants 575 non-comatosenonpregnant patientswith noevidenceof mixed poisoning, recruited

over 3 years. COHb > 10%

Interventions HBO at 2.5 ATA for 90 minutes (plus 15 minutes each for compression and decom-

pression) vs. 12 hoursof NBO

Outcomes Neuropsychologic testing at 1, 3, 6, and 12 months. ’Persistent neurological manifesta-

tions’ werepresent in 23% of HBO arm and 26% of NBO arm at 1 month, but detailed

datawerenot presented

Notes Datafrom abstract of 1996 interim analysisonly. Thistrial isnot registered and no later

datawereavailablefor analysisat thetimeof the2005 or 2011 review. Author contacted

in 2004 and 2010 but no further information provided

Risk of bias

17Hyperbaric oxygen for carbon monoxide poisoning (Review)

Copyright © 2011 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.
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Raphael 1989 (Continued)

Item Authors’ judgement Description

Allocation concealment? Unclear B - Unclear

Raphael 2004

Methods Prospective, randomized, unblinded trial.Aswithearlier trial bythesameinvestigators, randomization was

stratified by history of transient lossof consciousnessvs. coma. Patientswithout impaired consciousness

were excluded. Only patients with transient loss of consciousness were randomized to HBO vs NBO,

albeit by an unclear method. Jadad score3/5.

Participants Patientswith moderate to severeuninentional CO poisoning. Detailed inclusion and exclusion criteria

werenot specified.

Interventions Patientsin activetreatment arm received HBO at 2.0ATA for 1hour followedbyNBO for 4 hours, while

control patientsreceived NBO for 6 hours.

Outcomes Outcomemeasuresincluded self-assessment questionnaire and examination by ablinded neurologist at

1 month. No difference in primary outcomeswasevident, with symptomspresent in 29 of 74 patients

(39%) randomized to NBO vs. 33 of 79 patients(42%) randomized to HBO.

Notes Presented in abstract form only (not an interim analysis).

Risk of bias

Item Authors’ judgement Description

Allocation concealment? Unclear B - Unclear

Scheinkestel 1999

Methods Prospectivedouble-blind RCT of HBO vs. NBO. Cluster randomization for patientspresentingsimulta-

neously. Allocation through sealed opaqueenvelopes, not sequentially numbered. Patientsand outcome

assessor blind to allocation, techniciansand nursesnot. Stratified by vent/non-vent and suicidevs. acci-

dental exposure. Jadad score5/5.

Participants 230 patientssequentially referred to singlecenter in Australia. Inclusion: all referred. Excluded (n=39):

children, burn victims, pregnant. Two groups similar for all important variables. 89% male, coma in

50.6%, averageCOHb 21%. Largenumber of suicideattempts(69%), co-intoxication (44%), and severe

poisonings(73%).

Interventions All patientsgiven high-flow O2 prior to randomization. Daily treatment (x3) of HBO (100 minutes; 60

minutesat 2.8 ATA) ORNBO (100 minutesof 100% O2at 1ATA) asasham dive. After third treatment,

patientswith deficitsweretreatedagain, withhigh-flowoxygen in between. 3additional coursesof original

therapy given to 28% HBO and 15% NBO becauseof “poor outcome”.

9Hyperbaric oxygen for carbon monoxide poisoning (Review)

Copyright © 2009 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.
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Authors’ Conclusions 

 Existing randomised trials do not establish whether the 

administration of HBO to patients with carbon monoxide poisoning 

reduces the incidence of adverse neurologic outcomes 

 HBO cannot be routinely recommended for the treatment of CO poisoning 

 It is possible that some patients, particularly those with more severe 

poisoning, may derive benefit from treatment, but this remains unproven 

 

 Additional research is needed to better define the role, if any, of 

HBO in the treatment of patients with carbon monoxide poisoning. 

 

Optimal HBO protocol 

 Unknown 

 ? No. of session 

 ? Depth of dive 

 ? Duration of each session 
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The Use of HBOT for CO poisoning in Europe 
Undersea Hyperb Med 2016 Jan-Feb;43(1):49-56 

 To identify practice differences in CO poisoning treatment with 

HBOT among centres in Europe 

 Commercial online survey website 

 68 centres from 23 countries 

 

 39%(18/46) single session within 24 hours 

 19% (9/46) three sessions within 24 hours 

 

 Indications of HBOT 

 Transient or prolonged unconsciousness 100% 

 Positive neurological findings, ischemic changes in ECG and pregnancy 

95% 

 Elevated carboxyhemoglobin 44% 

 

 A total of 21 different HBOT profiles used in European centres! 

The Use of HBOT for CO poisoning in Europe 
Undersea Hyperb Med 2016 Jan-Feb;43(1):49-56 
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PYN ICU indications for HBO in CO poisoning 

 Loss of consciousness at any time 

 Neurological symptoms and signs 

 Chest pain or evidence of myocardial ischemia 

 Pregnancy 

 CO-Hb >25% 

Use of HBO in CO poisoning in HK 

HBO Indications No. of cases (%) HBO given (%) 

Present * 59 (19.5) 4/59 (6.8) 

Absent 244 (80.5) 0/244 (0) 

Total 303 (100) 4/303 (1.3) 

* Hx of syncope / coma, cardiac ischemia/arrhythmia or CO-Hb>25% 
 

Hong Kong Poison Information Centre, data from 2006 -2009  
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Reasons for low HBO referral in HK  

 Evidence of efficacy of HBO therapy 

 

 Risk of Transport and lack of support in RTC 

 Occupational health risk 

 Manpower shortage  

38 

Risk Benefit 
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39 

HBO facilities in Hong Kong 

for public hospitals 

 

 The Recompression Treatment Centre at Stonecutter’s Island 

 Not attached to hospital 

 

 Situated in a government dockyard 

40 

Year of 2010 
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44 
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47 

RTC at Stonecutter’s island 

 Not only for medical uses 

 Also for disciplinary forces training  

 

 Not attached to hospital 

 Only basic monitoring and resuscitative equipments available 

 Crowded environment 

48 

 Occupational Health Division of Labour department 
 Not used to deal with clinical emergencies or resuscitation 

 No nursing nor clerical support 

 In case of unexpected event, no immediate support 
 From own department or 

 From other clinical specialties 
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Hospital-based HBOT Centre in Hong Kong 
49 

Year 2014/15 2015/16 2016/17 2017/18 2018/19 2019/20 2020/21 2021/22 

Phase 1: 

PYNEH 
Site preparation First HBOT Centre 

Phase 2: 

Kai Tak 

Hospital 

Development and Site Preparation 
Second 

HBOT 

Centre 

Proposed timeline: 
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05.10.2016 52 
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                                                                                        -         - 8 
Restricted (Tenders) 

 

Appendix I 

 

 

Concept Layout of Triple Lock Hyperbaric Chamber 

 

 

Two-dimensional Display 

 

 
! Main!Lock! Entry!Lock! ICU!Lock!
   

 indicates Patient Flow  
 
 

 
 

 

Three-dimensional Display 
 

 
Control!Panel 

05.10.2016 

54 
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Prevention 

 Legislation for prevention of accidental exposure 

 E.g. Installation of heating machine by registered technicians 

 Education 

 Hong Kong Poison Control Network 

 Hong Kong Poison Information Centre 

 Poison Treatment Centre 

 Toxicology Reference Lab 

 Hong Kong College of Emergency Medicine 
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RCT on Traditional Chinese Medicine 
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Conclusions 

 CO poisoning is a popular form of suicide method 

 Carries debilitating long term side effects, delayed neurological 

sequelae 

 Management is mainly supportive, Oxygen therapy 

 HBOT is still controversial, needs further studies  

 Indications 

 Timing 

 Treatment profile 

60 

 

Thank you for your attention. 


