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GENERA
L 
COMMEN
TS 

The authors address a very important issue in this study. Mis-diagnosis and 

under-diagnosis of carbon monoxide (CO) poisoning is often an overlooked area.  

Chronic low-level carbon monoxide poisoning has also not been studied extensively.   

Overall, the article is more or less clearly written with some useful findings. One major 

concern that I have is about categorization of COHb levels as positive or negative.  It is 

not clear to me as to why a cut off level of 5% was chosen for smokers.  Conventionally, 

10 or 12% is used as these levels were found to cause clinically apparent health effects. 

I will discuss these more specifically in the following comments.  As a whole, I think this 

manuscript needs improvement in certain areas.  

 

1. The conclusion of the abstract is not reflective of the main objective. It is a well-

known fact that CO exposures result in ED visits. In the U.S.  CO exposures 

results in >20,000 ED visits annually. I was under the impression that the 

authors’ objective was to identify proportion of CO poisoning cases presenting at 

the EDs and not getting diagnosed correctly and identifying the risk factors of 

these exposures. I would suggest that the authors clarify the objective and 

revise the abstract conclusion to reflect the objectives stated in the manuscript. 

Also, add the clinical and public health implication of such finding. In a way to 

answer the ‘so what’ question.  

2. In the Introduction section, I’d suggest strengthening the argument as to why 

this is an important issue to address.  The authors might want to consult 

Wright’s paper for this purpose (Wright J. Chronic and occult carbon monoxide 

poisoning: we don’t know what we’re missing. Emerg Med J 2002;19:386–90). 
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3. The authors detailed the method section well. However they need to include a 

few things for putting the results in the right context.  

a. Authors need to include information about the sensitivity, specificity, or 

positive predictive value of measurement by a Masimo RAD-57
TM

. One 

previous study reported that this device measure COHb levels below 

15% with very good precision  when compared to other laboratory 

methods ( Barker S, Curry J, Redford D, Morgan S. 2006. Measurement 

of carboxyhemoglobin and methemoglobin by pulse oximetry. 

Anesthesiology 105:892-7). 

b. Although COED has been spelled out in the abbreviations section, it 

probably needs to be spelled out when it appears in the text for the first 

time. 

c. My biggest concern is about the categorization of COHb levels. Authors 

inaccurately state that the previous COHb cut off points of 10% were 

chosen ‘arbitrarily’. A cut off point of 10% or 12% are standard for 

clinical or epidemiologic studies as clinically apparent adverse health 

effects were found to manifest at these levels. The U. S. Council of 

State and Territorial Epiidemiologists’ recommend using 12% as a cut 

off point classification of confirmed cases of CO poisoning. 

(http://www.cste.org/dnn/AnnualConference/PositionStatementArchive/t

abid/398/Default.aspx).  A careful consideration of current literature and 

biological/clinical evidence should be evaluated for classification of 

COHb levels as ‘positive’ or ‘negative’. The authors need to justify their 

choice of 5% cut off with particular consideration to how it might affect 

classification of chronic smokers.  

d. Authors should specifically mention levels of ‘raised COHb level’ for 

different case types according to the definition by Mandal et al.  

4. I am not sure if the lower extreme of COHb levels should start from ‘0’ whenever 

the range is noted. It is probably more appropriate to include the lowest level of 

detection by the RAD-57
TM

 and state that the levels started from < the detection 

level. 

5. Second paragraph of the result section mentions table 2 but there’s only 1 table. 

Must be a typo. 

6. As a whole the result section seemed short and incomplete.  It needs to be 

expanded for better understanding of the population and the findings. The 

authors have presented results by diagnosis in EDs. I would suggest adding 

some additional stratification: by age groups (considering the age range of 

population and the disease that might occur predominantly in certain age 

groups. E.g., COPD and Chest pains are more likely to be among the elderly), 

by case types, and by smoking status. Is there a limitation by the journal to 
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include only 1 table? If not, more tables or informative graphs could be useful in 

presenting the results.  

7. The authors might consider putting the source of CO exposure in a table. They 

are the most important part in understanding and implementing public health 

interventions.  

8. The last paragraph of the result section belongs to the discussion.  

9. In the discussion section, the authors compared results with a previous study. 

While the difference in sample size and recruitment might explain some of the 

differences as explained by the author, there could be significant differences in 

the two study methodologies. This comparison should be discussed further 

since the discrepancies in results are quite significant.   One major limitation of 

the study was using COHb levels for defining ‘positive’ cases. COHb levels have 

not been found to correlate with the symptoms well (Hampson NB, Hauff NM. 

Carboxyhemoglobin levels in carbon monoxide poisoning: Do they correlate with 

the clinical picture? Am J Emerg Med 2008;26(6):665–69.). Considering the 

half-life of CO is nearly 4-6 hours in indoor environment that decreases 

significantly with removal of exposure source or oxygen therapy, authors need 

to mention and discuss a few factors (e.g., half-life of CO, oxygen therapy, time 

elapsed between exposure to actual measurement of COHb, smoking status 

and number of cigarettes smoked in recent hours) extensively to provide insight 

to the possible misclassification of cases. Some of them were already discussed 

quite nicely but the authors might want to add to that.  

 

10. The authors demonstrate that a proportion CO exposed patients presenting with 

non-specific symptoms might not be recognized as CO poisoning. This might 

have clinical as well as public health significance in terms of accurate burden 

estimate, resource allocation, and development of public health prevention 

strategies.  This is an important finding and both the clinical and public health 

significance  need to be highlighted more in the discussion and conclusion of the 

manuscript.    

 

REVIEWER Selim Suner MD, MS  
Associate Professor  
Alpert Medical School  
Brown University 

REVIEW RETURNED 22-Jun-2012 

 

THE STUDY The authors claim that they have determined the prevalence of CO 
toxicity in a given population. However the definition of CO toxicity is 
not validated and a gold standard for the definition not defined. 
Arbitrary assignment of COHb level >2.5 is nor sufficiently validated. 
The inclusion criteria are not well described chest pain characteristic 
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of cardiac disease, exacerbation of chronic obstructive pulmonary 
disease (COPD), seizures,flu-like symptoms, non-traumatic 
headache are vague and require better definition. I often have one 
or more of these conditions and have measured my COHb with the 
non-invasive device and had readings of 3 or more. Breathing 
exhaust fumes or second hand smoke can result in COHb of 3 or 
more using the Masimo device and in a non-selected ED population 
there were many patients with readings >3 (see Suner et al.) who 
did not have toxicity.  
 
 
References:  
Suner S, Partridge R, Sucov J, Valente J, Chee K, and Jay G. Non-
invasive Pulse  
CO-oximetry for Carboxyhemoglobin Screening in the Emergency 
Department: Identifying Occult Carbon Monoxide Toxicity. (2008). 
The Journal of  
Emergency Medicine 2008;34(4):441-450. 

RESULTS & CONCLUSIONS The true number of CO toxicity cases are not revealed by this study. 

GENERAL COMMENTS I would like to commend the authors for conducting this study to 
answer a difficult question with high importance.  

 

VERSION 1 – AUTHOR RESPONSE 

Dr Iqbal.  

 

1. We have amended the abstract conclusion accordingly  

 

2. We have amended the introduction and discussion sections accordingly.  

 

 

3a. The monitors have been quoted to have an accuracy of +/-2% for COHb 0-15% (Barker SJ. 

Anesthiol. 2006; 105; 892-7) and +/-2% for COHb up to 40% (Chee KJ. Clin Toxicol. 2008; 46; 461-9). 

We have added these references into the text  

 

3b. We have amended the text accordingly  

 

3c. There are a number of papers which quote normal COHb levels <10% in smokers so we chose 

lower cut-off points to reduce the risk of missing positive cases.  

 

-Shields CE. Transfusion. 1971; 11; 89-93  

range of COHb in population of smokers who donated blood 5.8%-10.7%  

 

-Jones RD. Lancet. 1972; 302-3  

mean COHb in smokers 1.0%-9.7%  

 

-Wallace ND. Arch Environ Health. 1974; 29; 136-142  

COHb levels in cigarette smokers 5.3% if smoke inhaled, 2.9% if not inhaled  

 

-Torbati ID. Israel J Med Sci. 1974; 10; 241-4  

highest COHb in smokers >10 cigarettes/day 7.02% +/- 2.24%  

 

-Stewart RD et al. JAMA. 1974; 299; 1187-1195.  

median COHb levels - smokers: 3.2%-6.2% vs 1.2%-2.0%  
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-Castleden CM. Brit J Indust Med. 1975; 32; 115-8  

mean COHb in smokers 5.8%  

 

-Wald N. Thorax. 1978; 33; 201-6  

COHb levels in smokers depends on inhaling habits  

 

-Janzon L. J Epidemiol Comm Health. 1981; 35; 271-3  

>20 cigarettes/day smokers - median COHb before first cigarette of the day 2.2%  

 

-Saloojee Y. Thorax. 1982; 37; 521-5  

mean random COHb in smokers 7.09%  

 

-Visnjevac V. Human Toxicol. 1986; 5; 175-7  

smokers - random COHb 4.3% +/- 1.8%  

 

-Kambaum JR et al. Anesth Analg. 1986; 65; 1186-8  

6.55% +/- 0.4% --> 1.06% +/- 0.16% after 12 hours abstinence  

 

-Muranaka H. Int Arch Occ Environ Health. 1988; 60; 37-41  

COHb 4.0% +/- 2.4% smokers vs 1.2% +/- 0.4% non-smokers  

 

-Suner S et al. J Emerg Med. 2008; 34; 441-50  

COHb smokers 5.17%+/-3.78%; non-smokers 2.90% ± 2.76%  

 

In fact, 56% of our confirmed cases (i.e. those who had a source of CO exposure identified) had 

COHb <10% and 65% had a COHb <12%. If we had used either of these cut-off levels, these patients 

would have been discharged to a contaminated environment.  

 

Also, in developing an indoor air quality guideline for CO, WHO determined that 2% COHb should not 

be exceeded, based on evidence of reduction in exercise capacity; although patients with COHb 

levels greater than 2% may not result in ED attendance, the cut-off point for what COHb level 

constitutes CO toxicity is not straightforward. (Ref: Page 87 

http://www.euro.who.int/__data/assets/pdf_file/0009/128169/e94535.pdf)  

 

3d. The level suggested by Mandal et al is >=5%, but they do not suggest a distinction between 

smokers or non-smokers. For reasons discussed above, we chose different levels to indicate raised 

COHb, therefore we have amended the text to reflect that the definitions are ‘based on’ Mandal et al’s 

suggestions.  

 

 

4. The range is accurate as lowest reading given by the RAD-57 monitor is actually zero, which is an 

issue with the machine.  

 

5. Additional tables have been added (see 6 below).  

 

6. We have added more tables as suggested and expanded the results section  

 

7. The text has been amended accordingly.  

 

8. The text has been amended accordingly.  
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9. We hope that we have clarified the differences between our study and the previous study by 

Calverley et al. We discussed the problems associated with the use of COHb as a biomarker in the 

‘Limitations’ section and the attempts made to address these limitations through the study design 

within the methods section. We were unable to obtain sufficient funding to employ fossil fuel 

engineers as part of the research team. We have expanded the discussion section and added a 

sentence to the end of the ‘Conclusions’ section.  

 

10. We have amended the text in the discussion section accordingly.  

 

 

 

Prof Suner  

 

Prof Suner makes very valid points, and our conclusion includes discussion of how COHb alone is a 

poor indicator of CO poisoning. We do not claim that we have determined prevalence of toxicity but 

only unexpectedly raised COHb. We used a low level of COHb to reduce the risk of missing patients 

(see section 3c above); our expert group of clinicians and toxiciologists determined the levels used 

because symptoms may arise with levels as low as 2.5%. We used this level to identify those patients 

who needed to answer the questionnaire which was then used to allocate positive and negative 

categories according to published criteria used by public health practitioners, therefore both COHb 

level and exposure history were used to determine whether ambient CO exposure was likely to have 

occurred; this was further validated by public health follow up and inspections of appliances where 

possible. We agree that this is not a definition of toxicity as would be acceptable to a toxicologist 

(especially the lack of a formal dose-response relationship). However, we have tried to clarify the 

difficulty of interpreting COHb levels in the clinical environment. We were unable to obtain funding to 

employ engineers to assess the fossil fuel appliances at the scene of exposure in all ‘positive’ patients 

and a proportion of ‘negative’ patients but this was deemed to be prohibitively expensive by the 

funders, although as discussed, in some cases inspections did confirm the presence of environmental 

CO. We have tried to clarify the difficulties in interpreting the data in the text.  

 

However, we feel that the results of this study are useful to remind clinicians to at least think about 

CO exposure and refer individual patients for appropriate public health follow up. It is also a useful 

reminder to the funding bodies that medical researchers need to be able to collaborate with industry.  

 

The full inclusion and exclusion criteria used are listed below.  

 

Chest Pain:  

Inclusion:  

Diagnosed as ACS / STEMI and referred to responsible admitting team  

 

Exclusion:  

Other cause for pain identified (eg pulmonary embolism, pneumothorax, pneumonia, musculoskeletal)  

 

 

COPD exacerbation:  

Inclusion:  

(at least 2 of the following)  

increased dyspnoea  

increased sputum purulence  

increased sputum volume  

increased cough  

upper airway symptoms (e.g. colds and sore throats)  
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increased wheeze  

chest tightness  

reduced exercise tolerance  

fluid retention  

increased fatigue  

acute confusion.  

 

Exclusion:  

no previous diagnosis of COPD  

 

 

Non-traumatic headaches:  

Inclusion:  

migraine  

tension type headache  

cluster headache and other trigeminal autonomic cephalagias  

primary stabbing, cough, exertional headache  

headache associated with sleep  

primary thunderclap headache  

new daily persistent headache  

 

 

Exclusion:  

head and neck trauma  

cranial and cervical vascular disorders  

nonvascular intracranial disorder, e.g. tumours  

a substance or its withdrawal  

infection  

other facial or cranial structure problems e.g. sinusutis  

disorders of homeostasis  

 

 

Flu-like illness:  

Inclusion:  

(>1 of the following)  

Sweating and feeling feverish  

Dry, chesty cough  

General muscle aches and pains  

General tiredness  

Sneezing  

Difficulty sleeping  

 

Babies and small children can also have the following symptoms:  

Lethargy (drowsy, unresponsive, limp or floppy)  

Poor feeding  

 

Exclusion:  

Isolated coryzal symptoms (rhinitis, sneezing, or sore throat)  

Clinical features suggestive of specific focus of infection  

Otalgia  

Pustular tonsillitis  

Purulent sputum  
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Diarrhoea  

NB The presence of fever is NOT an exclusion criterion  

 

 

Seizures:  

Inclusion:  

witnessed tonic-clonic seizures  

 

Exclusion:  

post head injury  

known space occupying lesion  

intracranial haemorrhage 

VERSION 2 – REVIEW 

REVIEWER Shahed Iqbal, PhD, MBBS, MPH  
Epidemiologist  
Centers for Disease Control and Prevention  
Atlanta, GA, USA 

REVIEW RETURNED 14-Sep-2012 

 

GENERAL COMMENTS 1. The authors mention in their response that they have modified the 
abstract conclusion but the abstract did not reflect that.  
2. In the results, authors should mention how many of the second 
questionnaire were filled by accompanying friend, family or staff.  
3. The authors conclude that overall 4.3% CO poisoning cases 
would have been missed since they came to the ED with non-
specific symptoms. It is important to disclose if any of them reported 
CO exposure when they came to ED or if any of them reported CO 
alarm going off when they came. They should not be included in the 
measurement of 4.3%. It would also be interesting to know how 
many people actually came with a known CO exposure and got 
diagnoses as such.   
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