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Raising Public Awareness 

• Pick-up trucks  
 JAMA 1992 

• Charcoal  
 JAMA 1994 

• Storms  
 J Emerg Med 1997 

 MMWR 2005 

 UHM 2006 

 Am J Public Health 2008 

 Pediatrics 2009 

• Generators 
 Am J Prev Med 1995 

• Motor vehicles in garages  
 Am J Emerg Med 2011 

• CO Alarms 
 J Environ Health 2011 

 J Emerg Med 2012 



Epidemiology of CO Poisoning  

• Pediatric 
 UHM 2005 

• Influence of race  
 Pub Health Rep 2000 

• Intentional CO poisoning and weather 
 UHM 2000 

• Intentional CO poisoning and co-ingestions 
 J Emerg Med 2013 

• Online reporting system of CO patients 

 UHM 2012  

 



Diagnosis of CO Poisoning  

• Pulse oximetry 
 Chest 1998 

• Symptoms 
 Headache 2002 

 Am J Emerg Med 2008 

 UHM 2012 

• Pulse CO-oximetry 
 UHM 2005 

 UHM 2006 

 Respir Care 2007 

 Emerg Med J 2008 

 Am J Emerg Med 2012 

 



Selection Criteria and Hyperbaric 

Treatment of CO Poisoning  

• Selection criteria 
 J Emerg Med 1995 

 UHM 2001 

 Ann Emerg Med 2001 

 UHM 2006 

• Treatment protocols 
 J Hyperbaric Med 1992 

 UHM 1996 

 UHM 2001 

 UHM 2005 

 UHM 2006 
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Topics for Today 

Dispelling 9 myths about CO poisoning, 

 plus 1 about water 
 

 

 

 

   



Topics for Today 

Dispelling 9 myths about CO poisoning, 

 plus 1 about water 
 

OR 
 

Why you should be skeptical about 

“common knowledge,” followed by a 

crash course in how to take down an 

industry with simple science 

  

 

   



Myth Busting 101 – 1.0 CME 

   



Dispelling Myths About CO 

1. “10,000 cases in US per year” 

 

 

 



Incidence of CO Poisoning in the US 

Commonly Quoted Figure 1990’s 

   “10,000 poisonings in the US annually 

sufficiently severe to cause individuals to 

seek medical attention or lose one or 

more days of normal activity” 

   



“10,000 Cases in US Annually” 

Papers Referencing this Number 

Bozeman 1997  MMWR 1982,84,93 

Ely 1995   Mofenson 1984 

Hampson 1992,94 Sadovnikoff 1992 

Ilano 1990  Schaplowsky 1974 

Lisella 1978  Silvers 1995 

Kirkpatrick 1987 Turnbull 1988 

Meredith 1988 

 
                                                               

   









“Carbon Monoxide Program 

Action Kit” (USPHS 1969) 





Dispelling Myths About CO 
1. 10,000 cases in US per year  

 UHM 1999 

 Am J Emerg Med 2005 

 UHM 2007 

2. “Most CO-poisoned patients are cherry 

red, possibly precluding the need for 

[COHb] measurement” 

 

 

 



Dispelling Myths About CO 
1. 10,000 cases in US per year  

 UHM 1999 

 Am J Emerg Med 2005 

 UHM 2007 

2. “Most CO-poisoned patients are cherry 

red, possibly precluding need for [COHb] 

measurement” 

 

 

 



Do we need to measure COHb or can 

we rely on cherry-red coloration to 

diagnose CO poisoning? 





Photo courtesy Dr. Jim Caruso 
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1.5% 94.4% 



Hospitals able to Measure COHb 

Hampson N.  J Emerg Med 2006 



Stability of COHb 

Heparinized Blood Samples 

Hampson NB.  

Am J Emerg Med 2007. 
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Hospitals Referring CO-Poisoned Patients to 

VMMC for HBO2 (2003-2004, n=85) 

Hampson N.  J Emerg Med 2006 



Dispelling Myths About CO 
1. 10,000 cases in US per year 

2. Most CO-poisoned patients are cherry red, 

precluding need for [COHb]   
  J Emerg Med 2006 

  Am J Emerg Med 2007 

 

 





Dispelling Myths About CO 
1. 10,000 cases in US per year 

2. Most CO-poisoned patients are cherry red, 

precluding need for [COHb]   
  J Emerg Med 2006 

  Am J Emerg Med 2007 

3.  “COHb level predicts clinical presentation” 

 

 



Dispelling Myths About CO 
1. 10,000 cases in US per year 
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  J Emerg Med 2006 
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3.  “COHb level predicts clinical presentation” 

 

 





No. 
COHb% 

Mean + SD (95% CI of the mean) 

COHb% 

Range 

All patients 1,407 22.3 + 11.0 (22.7,23.9) 2.1-72.3 

Male 922 24.2 + 11.2 (23.5,24.9) 2.1-72.3 

Female 485 21.5 + 11.6 (20.6,22.5) 2.1-60.0 

< 18 years old 228 19.5 + 10.3 (18.2,20.8) 2.2-57.6 

> 18 years old 1,179 24.0 + 11.0 (23.4,24.7) 2.1-72.3 

Accidental poisoning 972 22.8 + 10.3 (22.2,23.4) 2.2-64.0 

Intentional poisoning 427 23.4 + 12.4 (23.2,26.6) 2.1-72.3 

Unknown intent 8 

Loss of consciousness 745 24.3 + 12.2 (23.3,25.1) 2.1-72.3 

No loss of consciousness 661 22.3 + 9.4 (21.5,23.0) 2.2-61.0 

Unknown 1 

Endotracheal intubation 247 24.8 + 13.2 (23.0,26.3) 2.1-60.8 

Not intubated 1,160 23.0 + 10.5 (22.4,23.6) 2.2-72.3 

Died (< 30 days) 37 32.1 + 12.8 (27.9,36.4) 3.0-60.0 

Survived (> 30 days) 1,370 23.1 + 10.9 (22.5,23.6) 2.1-72.3 
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No. 

COHb% 

Mean + SD 

(95% CI of the mean) 

COHb% 

Range 

Loss of consciousness 745 24.3 + 12.2 (23.3,25.1) 2.1-72.3 

No loss of consciousness 661 22.3 + 9.4 (21.5,23.0) 2.2-61.0 

Presenting COHb levels do NOT 

predict the clinical presentation. 
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Dispelling Myths About CO 
1. 10,000 cases in US per year 

2. Most CO-poisoned patients are cherry 

red 

3. COHb level predicts clinical presentation 
 Am J Emerg Med 2008 

4. “COHb level is the best predictor of short-

term mortality” 

 

 

 



Crit Care Med 2008. 



Dispelling Myths About CO 
1. 10,000 cases in US per year 

2. Most CO-poisoned patients are cherry 

red 

3. COHb level predicts clinical presentation 

4. COHb level is the best predictor of short-

term mortality   

  Crit Care Med 2008 

5.  “COHb level correlates with symptoms” 

 

 

 





Common Table Correlating COHb 

with Symptoms 



Origin of COHb vs Symptoms Table 

No Citation 



Origin of COHb vs Symptoms Table 

No Citation 















CO Exposures 1922 

• 16 total exposures on 3 authors (Sayers 8) 

• COHb 14-28% 

? 



COHb N Headache Dizziness N/V Confusion 
Chest 

Pain 
LOC 

0.0-10.0% 98 65 (66%) 34 (35%) 49 (50%) 32 (33%) 9 (9%) 36 (37%) 

10.1-

20.0% 
313 

181 

(58%) 
131 (42%) 130 (42%) 88 (28%) 26 (8%) 

142 

(45%) 

20.1-

30.0% 
368 

243 

(66%) 
195 (53%) 158 (43%) 114 (31%) 

36 

(10%) 

163 

(44%) 

30.1-

40.0% 
183 85 (46%) 61 (33%) 60 (33%) 51 (28%) 17 (5%) 

130 

(71%) 

40.1-

50.0% 
63 17 (27%) 19 (30%) 15 (24%) 20 (32%) 6 (10%) 52 (82%) 

>50.0% 10 
10 

(100%) 

1025 526 406 363 273 85 533 
Hampson et al.  UHM, 2012. 





Dispelling Myths About CO 

6. “CO-induced headache is throbbing and 

temporal in location” 
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Prospective Evaluation of Headache 

• Standardized HA questionnaire 

administered to 100 consecutive patients 

with CO poisoning and headache 

• Location - frontal 66%, temporal 52%, 

occipital 47%, bitemporal alone 13% 

• Constant 74%, throbbing 41% 







Dispelling Myths About CO 

6. CO-induced headache is throbbing  
  Headache 2002 

7.  “CO-poisoning predisposes to increased 

risk of cardiac death” 



Dispelling Myths About CO 

6. CO-induced headache is throbbing  
  Headache 2002 

7.  “CO-poisoning predisposes to increased 

risk of cardiac death” 





Henry 2006 “Long-term” Mortality 

 



Henry’s Analysis of “Long-term” Mortality 
Total Deaths 

(n=54) 

Known Cause (n=41) Unknown 

cause (n=13) 

Cardiac Noncardiac 

Myocardial injury (n=85) 32/85 (38%) 14 12 6 

No myocardial injury (n=145) 22/145 (15%) 4 11 7 
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Henry’s Analysis of “Long-term” Mortality 
Total Deaths 

(n=54) 

Known Cause (n=41) Unknown 

cause (n=13) 

Cardiac Noncardiac 

Myocardial injury (n=85) 32/85 (38%) 14 12 6 

No myocardial injury (n=145) 22/145 (15%) 4 11 7 

Total Deaths 

(n=54) 

In Hospital Deaths 

(n=12) 

Total Cardiac Noncardiac 

Myocardial injury (n=85) 32/85 (38%) 6 4 2 

No myocardial injury (n=145) 22/145 (15%) 6 0 6 

Long-term deaths (n=42) 

Total Cardiac Noncardiac Unknown 

Myocardial injury (n=85) 26 10 10 6 

No myocardial injury (n=145) 16 4 5 7 

My Analysis of Henry’s Data 





Long Term Mortality in CO Poisoning 

• Analyzed 1,073 patients 1978-2005 (vs. 230) 

• 11,742 person-years at risk (vs. 1,748) 

• 162 deaths with 87 expected (SMR 1.9) 

• Intentional SMR 3.7, accidental 1.3 

• Causes of death: completed suicide, MVA, 

falls, accidental poisoning 

• No increase in cardiac mortality 

 

 
Hampson NB. Crit Care Med 2009 



Dispelling Myths About CO 

6.  CO-induced headache is throbbing 

7.CO-poisoning predisposes to increased 

risk of cardiac death  

  Crit Care Med 2009 

8. “CO is lighter than air so it accumulates 

near the ceiling” 



The Internet tells you whatever 

 you want to find 

• “Plugging CO alarms into sockets near the 

floor is less effective because CO  rises.”  

(shopwiki.com) 

• “Carbon monoxide is heavier than air and will 

pool in lower areas.” (askville.amazon.com) 

   CO? 
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Dispelling Myths About CO 

6. CO-induced headache is throbbing 

7. CO-poisoning predisposes to increased risk of 

cardiac death 

8. CO is lighter than air so it concentrates near 

the ceiling   
  J Emerg Med 2012 

9.  “Without fuel-burning appliances in the home, 

there is no risk for CO exposure” 



http://kidde.com 

Of 46 states mandating residential CO alarms, 33 (73%) 
exclude residences without fuel burning appliances, 
fireplaces and/or the presence of an attached garage 



CO Poisonings in More than One Unit of a 

Multifamily Dwelling 

• Typically explained by CO diffusion through 

public spaces or ductwork 

• But sometimes CO appears to pass through 

walls 

• Can CO diffuse through gypsum wallboard? 

   



CO Diffusion Chamber 









Dispelling Myths About CO 

6. CO-induced headache is throbbing 

7. CO-poisoning predisposes to increased risk of 

cardiac death 

8. CO is lighter than air so it concentrates near 

the ceiling 

9. Without fuel-burning appliances in the home, 

there is no risk for CO exposure   

  JAMA 2013 



Let’s Take Down an Industry 

!Oxygenated Waters 2003 



Bold Claims about Athletic 

Performance 

“Enhanced sports performance” 

“Improves cardiovascular and sports endurance” 



Hampson NB, Pollock NW, Piantadosi CA.  JAMA 2003 



Human Exercise Data 





Oxygenated Waters 2014 





Vitamin Waters 2014 
















