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INTRODUCTION 

Incomplete combustion of carbonaceous materials leads 

to the significant release of enormous amounts of CO into 

the surrounding environment. CO is tasteless, colorless, 

and odorless and the affected patients usually become 

unconscious before they recognize that they were exposed 

to CO poisoning. Estimates indicate that among the 

different cases of poisoning, CO poisoning might account 

for up to 50% of the total fatalities from these events.  
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ABSTRACT 

 

Many complications can occur secondary to carbon monoxide (CO), including serious complications to the 

cardiovascular system and neurological complications that might even end up with death. It has been estimated that 

around 30-40% of patients suffering from CO poisoning usually die before presenting at the emergency department. 

Accordingly, management of these patients is a critical approach to enhance the outcomes and prognosis of the 

affected patients. In the present literature review, we have discussed the current evidence regarding the assessment, 

treatment, and outcomes of patients with CO poisoning. Our results indicate that attending clinicians should 

adequately assess the suspected patients with their clinical manifestations, laboratory parameters, and history of 

exposure to CO. Besides, imaging techniques can also be indicated in some cases with a suspected brain injury. After 

the diagnosis has been successfully established, management of symptoms and administration of the validated 

therapeutic modalities should be rapidly performed to enhance the outcomes and intervene against the development of 

further complications. However, it should be noted that even after achieving adequate management, long-term 

complications might develop with the survivors and can even lead to death. Accordingly, further research is needed to 

help formulate successful interventions that can enhance the prognosis of the condition. 
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Many effects have been reported following the process of 

CO poisoning. However, evidence indicates that such 

events are hugely variable based on the affected 

patients.1-3 Many research has been identified in the 

literature to discuss these effects and how to manage 

them. 

Among the reported effect, many complications can 

occur, including serious complications to the 

cardiovascular system and neurological complications 

that might even end up with death.4 It has been estimated 

that around 30-40% of patients suffering from CO 

poisoning usually die before presenting at the emergency 

department.5,6 Accordingly, management of these patients 

is a critical approach to enhance the outcomes and 

prognosis of the affected patients. In the present literature 

review, we aim to discuss the different approaches that 

have been proposed for the assessment, and treatment of 

patients with CO poisoning and discuss the anticipated 

outcomes for these patients. 

LITERATURE REVIEW  

This literature review is based on an extensive literature 

search in Medline, Cochrane, and EMBASE databases 

which was performed on 16th September 2021 using the 

medical subject headings (MeSH) or a combination of all 

possible related terms, according to the database. To 

avoid missing poetential studies, a further manual search 

for papers was done through Google Scholar while the 

reference lists of the initially included papers. Papers 

discussing patients with CO poisoning were screened for 

useful information. No limitations were posed on the 

date, language, age of participants, orthe the publication 

type. 

DISCUSSION 

Assessment and evaluation of patients 

Obtaining a full clinical history and adequate examination 

of the patients presenting with CO poisoning-like 

symptoms is the first in achieving adequate early 

management. Evidence indicates that the diagnosis of CO 

poisoning should be conducted according to the 

evaluation of a clinical tried that includes 1) having a 

history of recent exposure to CO, 2) developing 

symptoms that mimick CO poisoning, and 3) elevated 

COHb levels in the blood of the affected patient.7 It 

should also be noted that a differential diagnosis should 

be conducted with other conditions that can cause chronic 

poisoning of lower-level CO nature.8,9 Assessment of the 

ambient levels of CO can also aid to the diagnostic value 

in cases when there is no apparent presentation and 

clinical manifestations. The reported symptoms that most 

patients with CO poisoning present with include 

dizziness, headache, nausea, vomiting, fatigue, chest pain, 

altered mental state, loss of consciousness, and shortness 

of breath (Figure 1).7  

 

Figure 1: Symptoms of CO poisoning in relation to the 

levels of CO-Hb.10 

In cases when the patient is severely ill or unconscious, it 

should be noted that having adequate history from this 

patient would be impossible. However, emergency 

technical advances might provide adequate evidence of 

exposure by measuring the environmental levels of CO.7 

In cases of suspected exposure, COHb levels can 

furtherly indicate the diagnosis. Evidence from previous 

investigations also indicates that neurological disorders 

and cognitive functions might be associated with cases of 

chronic lower-level CO poisoning, although the diagnosis 

of the condition is not always easy.8,9,11 Other symptoms 

that might increase the ability to diagnose the condition 

also include vertigo, chronic fatigue, polycythemia, 

paraesthesias, recurrent infections, diarrhea, and 

abdominal pain.8,12 Barker et al also previously concluded 

that using conventional pulse oximetry might not be valid 

in all cases as it cannot significantly differentiate between 

oxyHb and COHb.13 Therefore, it might not be able to 

detect cases with profound hypoxia and elevated COHb 

levels. On the other hand, pulse CO oximetry has been 

validated to measure the multiple types of Hb, in addition 

to decreasing the delays in patients that administer 

hyperbaric O2.14,15 However, it should be noted that the 

current evidence is still scarce about whether this 

modality is more accurate than the laboratory-based 

measurement of COHb by spectrophotometry. Therefore, 

it should not be used alone and confirmed by laboratory 

measurements should always be indicated.7,15,16 This has 

been demonstrated in a previous investigation which 

showed that CO poisoning could not be established by 

depending on the reading of the pulse CO oximetry for 

measuring COHb levels.16 

Taking adequate care of the clinical manifestations of the 

affected patients can significantly enhance the diagnosis 

of the condition. Evidence shows that some patients 

might present with a critical condition that requires 

immediate admission to the intensive care unit. Increased 
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long-term mortality might also be present secondary to 

myocardial injury among patients that suffer from 

cardiovascular diseases. Estimates show that the 

prevalence of these conditions in such settings is about 

one-third among patients with moderate-to-severe CO 

poisoning.17,18 Acute and chronic events of myocardial 

infarction were also reported to be associated with 

increased levels of COHb.19 Many mechanisms have been 

proposed for developing cardiovascular events in patients 

with CO poisoning and have been adequately described 

elsewhere.10 Affective and neurological complications 

might also be observed in cases of CO poisoning. If 

adequate management was significantly achieved, 

survivors might suffer from long-term neurological 

complications,7,20 such as cognitive dysfunction, impaired 

memory, anxiety, depression, motor and vestibular 

effects.7,20 Evidence shows that the incidence of these 

symptoms might be present in 40% of the affected case 

by 6 weeks following CO poisoning.20 It has also been 

furtherly demonstrated that patients may not achieve 

complete remission from long-term neurological 

complications.20-22 Besides, evidence also shows that the 

severity of the initial presentation with CO poisoning is 

not necessarily be associated with the long-term outcomes 

of the neurological complications.23 Imaging modalities 

can also be used to assess and evaluate patients with CO 

poisoning. Computed tomography (CT) of the head, in 

addition to magnetic resonance imaging (MRI), can be 

used to detect brain changes and determine the severity of 

the case. Hippocampal atrophy and white matter 

hyperintensities are the usual findings on MRI.24,25 

Posterior structures of the brain might also show signs of 

severe ischemia in cases of severe CO poisoning.26,27 

Therefore, clinicians and emergency physicians should be 

aware of these procedures to establish an adequate 

diagnosis and enhance the outcomes by approaching the 

patient with a proper management plan based on the 

pathological parameters that were assessed during this 

initial evaluation. 

Treatment 

Among the different studies in the literature, the most 

commonly used modalities to treat CO poisoning include 

100% hyperbaric and normobaric O2 (HBO2 and 

NBO2).28,29 These modalities rapidly increase the O2 

partial pressure in the blood. Therefore, it leads to the 

rapid removal of CO from the blood and significant 

dissociation of CO from Hb, leading to reduced levels of 

COHb.7,30,31 The elimination half-life of CO has been 

reported to be reduced following the administration of 

NBO2 to 74 minutes in room air from 320 minutes.7,30,32 

On the other hand, the reduced half-life of CO was also 

reported to be 20 minutes with HBO2. However, studies 

indicate that the estimated period might be much higher 

in the clinical settings, and is usually up to 40 minutes.33-

35 Furthermore, the administration of these modalities has 

been associated with reversed effects that have been 

induced by CO poisoning including mitochondrial 

dysfunction and inflammation.36-38 The administration of 

NBO2 is usually done upon arrival at the emergency 

department. On the other hand, the administration of 

HBO2 is usually delayed following diagnosis and arrival 

at the hospital. Many investigations have compared the 

efficacy of HBO2 and NBO2 in the management of 

patients with CO poisoning. In a previous meta-analysis 

by Buckley et al the authors analyzed the results of seven 

randomized controlled trials.39 The findings showed that 

patients that received HBO2 did not have a significant 

overall benefit in the neurological manifestations. 

However, it has been indicated that the included trials 

were significantly heterogeneous. The only trial that has 

been published with adequate reporting criteria and a 

minimal degree of bias was the trial by Weaver et al 

which indicates a significant improvement in the 

neurological dysfunctions in a 1-year follow-up 

investigation.40 Treating patient with HBO2 is not 

mandatory for patients with CO poisoning despite being 

recommended by the American college of emergency 

physicians.41 The administration of HBO2 in cases of CO 

poisoning has also been previously suggested by experts 

in the field.7 Accordingly, it has been demonstrated that 

the modality should be indicated for patients presenting 

with severe CO poisoning. Although the modality has 

been validated for its efficacy by many investigations, 

estimates show that a big proportion of the survivors 

would still suffer from related neurological 

complications, indicating the urgent need to conduct 

future investigations to validate other more valid 

therapeutic modalities.7 It is worth mentioning that CO 

poisoning might be associated with ingestion of other 

substances, and therefore, treating these conditions should 

also be considered.7,31,40,42 Moreover, recent research has 

focused on developing adequate interventional 

approaches that can also enhance the management of the 

potentially affected patients by reducing the incidence 

and/or severity of the condition. However, such 

approaches are not within the scope of the current review 

and were described elsewhere. 

Outcomes 

Previous studies in the literature have indicated that a 

CO-Hb concentration that exceeds 50-60% is a fatal 

indicator of CO poisoning.43,44 Many factors can affect 

the CO-Hb concentration levels in the blood of the 

affected patients. Moreover, clinicians should consider 

the application of medical interventions as 

cardiopulmonary resuscitation, and O2 administration to 

adequately evaluate and assess the management plan for 

the affected patients. Estimates from previous 

investigations indicate that younger patients tend to have 

higher concentrations of CO-Hb at the time of death than 

the elderly population.45,46 Besides, evidence also 

indicates that older patients tend to die from CO 

poisoning at lower levels of concentration of CO-Hb. 

This level has been reported to be around 25%, and it has 

been reported that no other etiologies were found to cause 

death in such situations.47 This might be attributable to 

the fact that younger patients tend to tolerate hypoxia 
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more significantly than the elderly ones, in addition to 

having less frequent complications and associated 

morbidities. 

Survivors, after applying an adequate treatment approach 

usually have long-term complications.48 For instance, 

studies indicate that the risk of long-term mortality 

doubles in these patients compared to the general 

population.48 The risk with intentional exposure to CO 

poisoning is also remarkable than the accidental one. 

Some of the reported prominent causes of death include 

accidents, alcoholism, and intentional self-harm, which 

indicates the persistence of long-term psychiatric and 

neurological complications.49 The quality of life of the 

affected patients might also be affected. Pages et al 

indicated that months following CO poisoning affected 

patients had more depression, reduced cognitive abilities, 

and increased incidence of posttraumatic stress 

disorders.50 Accordingly, it has been demonstrated that 

follow-up evaluation should be conducted for these 

patients for at least 1-2 months from poisoning to assess 

the presence of any neurological conditions, anxiety, and 

depression.7 If any disorder was evaluated, the attending 

physician should suggest the patient should be evaluated 

for neurocognition. Further care should also be offered to 

the affected patient to care for and adequately intervene 

against the development of any other medical condition, 

including myocardial infarction, as we previously 

mentioned.19 Finally, further long follow-up 

investigations should be conducted to assess the outcomes 

and adequately study the long-term outcomes and the 

effect of post-treatment care on patients with CO 

poisoning for a better understanding of the condition and 

the prognosis. In general, it has been demonstrated that 

the prognosis of patients with CO poisoning significantly 

varies based on many factors, including the laboratory 

parameters, the presence of other comorbidities, and the 

severity of the condition. However, a poor prognosis has 

been demonstrated to occur with patients that were 

initially observed to have abnormal CT and MRI 

diagnostic findings. Furthermore, a guarded prognosis 

was reported with patients that suffer from persistent 

neurological complications as previously discussed. 

CONCLUSION  

Our results indicate that attending clinicians should 

adequately assess the suspected patients with their clinical 

manifestations, laboratory parameters, and history of 

exposure to CO. Besides, imaging techniques can also be 

indicated in some cases with a suspected brain injury. 

After the diagnosis has been successfully established, 

management of symptoms and administration of the 

validated therapeutic modalities should be rapidly 

performed to enhance the outcomes and intervene against 

the development of further complications. However, it 

should be noted that even after achieving adequate 

management, long-term complications might develop 

with the survivors and can even lead to death. 

Accordingly, further research is needed to help formulate 

successful interventions that can enhance the prognosis of 

the condition. 

Funding: No funding sources 

Conflict of interest: None declared 

Ethical approval: Not required 

REFERENCES 

1. Hampson NB. Carboxyhemoglobin: a primer for 

clinicians. Undersea hyperbaric med. 

2018;45(2):165-71. 

2. Otterness K, Ahn C. Emergency department 

management of smoke inhalation injury in adults. 

Emergency med pract. 2018;20(3):1-24. 

3. Buboltz JB, Robins M. Hyperbaric Treatment Of 

Carbon Monoxide Toxicity. In: StatPearls. Treasure 

Island (FL): StatPearls Publishing Copyright © 2021, 

StatPearls Publishing LLC. 2021. 

4. Reumuth G, Alharbi Z, Houschyar KS. Carbon 

monoxide intoxication: What we know. Burns. j Int 

Society Burn Injuries. 2019;45(3):526-30. 

5. Dubey A, Chouksey D. Carbon monoxide toxicity: A 

reversible damage to brain. Neurology India. 

2017;65(3):672-3. 

6. Levy RJ. Anesthesia-Related Carbon Monoxide 

Exposure: Toxicity and Potential Therapy. 

Anesthesia analgesia. 2016;123(3):670-81. 

7. Hampson NB, Piantadosi CA, Thom SR, Weaver 

LK. Practice recommendations in the diagnosis, 

management, and prevention of carbon monoxide 

poisoning. Am j respiratory cri care med. 

2012;186(11):1095-101. 

8. Penney DG. Chronic carbon monoxide poisoning: a 

case series. In: Carbon Monoxide Poisoning. CRC 

Press. 2007:577-594. 

9. Guzman JA. Carbon monoxide poisoning. Crit care 

clin. 2012;28(4):537-48. 

10. Kinoshita H, Türkan H, Vucinic S. Carbon monoxide 

poisoning. Toxicol rep. 2020;7:169-73. 

11. Townsend CL, Maynard RL. Effects on health of 

prolonged exposure to low concentrations of carbon 

monoxide. Occupational environmental med. 

2002;59(10):708-11. 

12. Weaver LK. Clinical practice. Carbon monoxide 

poisoning. N Eng j med. 2009;360(12):1217-25. 

13. Barker SJ, Curry J, Redford D, Morgan S. 

Measurement of carboxyhemoglobin and 

methemoglobin by pulse oximetry: a human 

volunteer study. Anesthesiology. 2006;105(5):892-7. 

14. Hampson NB, Weaver LK. Noninvasive CO 

measurement by first responders. A suggested 

management algorithm. J emergency med services. 

2006;31(5):S10-12. 

15. Hampson NB. Noninvasive pulse CO-oximetry 

expedites evaluation and management of patients 

with carbon monoxide poisoning. Am j emergency 

med. 2012;30(9):2021-4. 

16. Weaver LK, Churchill SK, Deru K, Cooney D. False 

positive rate of carbon monoxide saturation by pulse 



Zein AR et al. Int J Community Med Public Health. 2021 Nov;8(11):5562-5567 

                                 International Journal of Community Medicine and Public Health | November 2021 | Vol 8 | Issue 11    Page 5566 

oximetry of emergency department patients. 

Respiratory care. 2013;58(2):232-240. 

17. Dziewierz A, Ciszowski K, Gawlikowski T. Primary 

angioplasty in patient with ST-segment elevation 

myocardial infarction in the setting of intentional 

carbon monoxide poisoning. J emergency med. 

2013;45(6):831-4. 

18. Henry CR, Satran D, Lindgren B, Adkinson C, 

Nicholson CI, Henry TD. Myocardial injury and 

long-term mortality following moderate to severe 

carbon monoxide poisoning. JAMA. 

2006;295(4):398-402. 

19. Kaya H, Coşkun A, Beton O. COHgb levels predict 

the long-term development of acute myocardial 

infarction in CO poisoning. Am j emergency med. 

2016;34(5):840-44. 

20. Weaver L, Hopkins R, Churchill S, Deru K. 

Neurological outcomes 6 years after acute carbon 

monoxide poisoning. Undersea hyperbaric med. 

2008;35:4. 

21. Hopkins R, Weaver L. Cognitive outcomes 6 years 

after acute carbon monoxide poisoning. Undersea 

hyperbaric med. 2008;35:4. 

22. Hsiao CL, Kuo HC, Huang CC. Delayed 

encephalopathy after carbon monoxide intoxication--

long-term prognosis and correlation of clinical 

manifestations and neuroimages. Acta neurologica 

Taiwanica. 2004;13(2):64-70. 

23. Chambers CA, Hopkins RO, Weaver LK, Key C. 

Cognitive and affective outcomes of more severe 

compared to less severe carbon monoxide poisoning. 

Brain injury. 2008;22(5):387-95. 

24. Rose JJ, Wang L, Xu Q. Carbon monoxide 

poisoning: pathogenesis, management, and future 

directions of therapy. Am j respiratory crit care med. 

2017;195(5):596-606. 

25. Parkinson RB, Hopkins RO, Cleavinger HB. White 

matter hyperintensities and neuropsychological 

outcome following carbon monoxide poisoning. 

Neurology. 2002;58(10):1525-32. 

26. O'Donnell P, Buxton PJ, Pitkin A, Jarvis LJ. The 

magnetic resonance imaging appearances of the brain 

in acute carbon monoxide poisoning. Clin radiol. 

2000;55(4):273-80. 

27. Lo CP, Chen SY, Lee KW. Brain injury after acute 

carbon monoxide poisoning: early and late 

complications. Am j roentgenol. 2007;189(4):W205-

11. 

28. Brown S, Piantadosi C, Gorman D. Hyperbaric 

oxygen for carbon monoxide poisoning. Lancet. 

1989;334(8670):1032-3. 

29. Kindwall EP. Hyperbaric medicine practice. Best 

Publishing Company. 1999. 

30. Weaver LK, Howe S, Hopkins R, Chan KJ. 

Carboxyhemoglobin half-life in carbon monoxide-

poisoned patients treated with 100% oxygen at 

atmospheric pressure. Chest. 2000;117(3):801-8. 

31. Weaver LK. Hyperbaric oxygen therapy for carbon 

monoxide poisoning. Undersea hyperbaric med. 

2014;41(4):339-54. 

32. Ernst A, Zibrak JD. Carbon monoxide poisoning. N 

Eng j med. 1998;339(22):1603-8. 

33. Myers R, Jones D, Britten J. Carbon monoxide half-

life study. Paper presented at: Proceedings of the 

Eighth International Congress on Hyperbaric 

Medicine. Flagstaff, AZ: Best Publishing. 1987. 

34. Prockop LD, Chichkova RI. Carbon monoxide 

intoxication: an updated review. J neurol sci. 

2007;262(1-2):122-30. 

35. Pace N, Strajman E, Walker EL. Acceleration of 

carbon monoxide elimination in man by high 

pressure oxygen. Science (New York, NY). 

1950;111(2894):652-4. 

36. Thom SR, Bhopale VM, Fisher D. Hyperbaric 

oxygen reduces delayed immune-mediated 

neuropathology in experimental carbon monoxide 

toxicity. Toxicol applied pharmacol. 

2006;213(2):152-9. 

37. Garrabou G, Inoriza JM, Morén C. Mitochondrial 

injury in human acute carbon monoxide poisoning: 

the effect of oxygen treatment. J environmental sci 

health Part C, Environmental carcinogenesis 

ecotoxicol rev. 2011;29(1):32-51. 

38. Jurič DM, Finderle Ž, Šuput D, Brvar M. The 

effectiveness of oxygen therapy in carbon monoxide 

poisoning is pressure- and time-dependent: a study 

on cultured astrocytes. Toxicology letters. 

2015;233(1):16-23. 

39. Juurlink DN, Buckley N, Stanbrook MB, Isbister G, 

Bennett MH, McGuigan M. Hyperbaric oxygen for 

carbon monoxide poisoning. Cochrane database 

systematic rev. 2005;1. 

40. Weaver LK, Hopkins RO, Chan KJ. Hyperbaric 

oxygen for acute carbon monoxide poisoning. N Eng 

j med. 2002;347(14):1057-67. 

41. Wolf SJ, Lavonas EJ, Sloan EP, Jagoda AS. Clinical 

policy: Critical issues in the management of adult 

patients presenting to the emergency department with 

acute carbon monoxide poisoning. Ann emergency 

med. 2008;51(2):138-52. 

42. Weaver LK, Valentine KJ, Hopkins RO. Carbon 

monoxide poisoning: risk factors for cognitive 

sequelae and the role of hyperbaric oxygen. Am j 

respiratory cri care med. 2007;176(5):491-7. 

43. Suzuki O, Watanabe K. Drugs and poisons in 

humans. Springer. 2005. 

44. Mitsui T, Ito M. Concentration of 

carboxyhemoglobin in blood to death. EISEI 

KAGAKU. 1990;36(2):158-61. 

45. Teige B, Lundevall J, Fleischer E. 

Carboxyhemoglobin concentrations in fire victims 

and in cases of fatal carbon monoxide poisoning. 

Zeitschrift fur Rechtsmedizin J legal med. 

1977;80(1):17-21. 

46. Yoshida M, Adachi J, Watabiki T, Tatsuno Y, Ishida 

N. A study on house fire victims: age, 

carboxyhemoglobin, hydrogen cyanide and 

hemolysis. Forensic sci int. 1991;52(1):13-20. 

47. Ellenhorn MJ, Barceloux D. Diagnosis and treatment 

of human poisoning. Med toxicol. 1997:609-10. 



Zein AR et al. Int J Community Med Public Health. 2021 Nov;8(11):5562-5567 

                                 International Journal of Community Medicine and Public Health | November 2021 | Vol 8 | Issue 11    Page 5567 

48. Hampson NB, Rudd RA, Hauff NM. Increased long-

term mortality among survivors of acute carbon 

monoxide poisoning. Crit care med. 

2009;37(6):1941-7. 

49. Hampson NB, Bodwin D. Toxic CO-ingestions in 

intentional carbon monoxide poisoning. J emergency 

med. 2013;44(3):625-30. 

50. Pages B, Planton M, Buys S. Neuropsychological 

outcome after carbon monoxide exposure following a 

storm: a case-control study. BMC neurol. 

2014;14:153. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Cite this article as: Zein AR, Almalki EB, Almasabi 

HA, Alzahrani HT, Alabdali RH, Alsalamah ZK et al. 

Carbon monoxide poisoning: assessment, treatment, 

and outcomes. Int J Community Med Public Health 

2021;8:5562-7. 


