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ABSTRACT

 Background: Headache is the most common 
symptom in carbon monoxide (CO) poisoning. While 
the mechanism of CO-induced headache is not well 
defined, it is felt that cerebral vasodilation plays a role. 
Clinical experience has demonstrated oxygen breathing 
is effective in resolving CO headache. However, the 
effectiveness of normobaric oxygen has never been 
compared to hyperbaric oxygen in this regard.
 Methods: A 2016 paper by Ocak, et al. reported the 
response of CO headache pain severity to four hours of 
normobaric oxygen breathing in 82 patients using a 
0-10 analog scale. The demographics, carboxyhemo-
globin levels and response to therapy from that report 
were compared to data obtained by Hampson, et al. 
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in an earlier study, but never published, using the same 
pain assessment method in 73 patients with CO head-
ache and treated with hyperbaric oxygen.
 Results: Comparing the normobaric and hyperbaric 
groups, neither average age nor presenting carboxy-
hemoglobin levels were significantly different. Baseline 
pain intensity scores were 6.5 ± 3.1 vs. 6.2 ± 2.6 (p=0.444) 
and post-treatment scores 1.5 ± 2.6 vs. 1.0 ± 1.5 (p=0.184) 
respectively on a 0-10 scale.
 Conclusions: In these two well-matched populations 
of patients with CO-induced headache pain, degree of 
resolution was not significantly different between 
normobaric and hyperbaric oxygen treatment.

InTRoduCTIon
Headache (HA) is the most common symptom of acute 
carbon monoxide (CO) poisoning, occurring in more 
than one-half of patients in every large published series 
[1,2]. The mechanisms by which CO causes headache are 
incompletely understood [3,4]. Clinical experience, 
however, has demonstrated that oxygen breathing is 
associated with improvement or resolution of CO-
induced headache.
 The characteristics of the headache resulting from CO 
poisoning have been previously described by Hampson 
and Hampson in 100 consecutive CO-poisoned patients 
referred for hyperbaric 100% oxygen (HBO2) treatment
and who experienced headache with their episode [5]. 
Among those with headache at the time HBO2 therapy 
was initiated, 97% improved with HBO2, and 44% 
experienced total resolution. Severity of headache 

prior to and after HBO2 was graded, but not included 
when the other descriptive information about CO-
induced headache was published.
 A 2016 study by Ocak and co-workers from Turkey 
randomized patients with CO-related headache to 
normobaric 100% oxygen (NBO2) for four hours or 
NBO2 plus one of two medications [6]. They found that 
headache resolution was equivalent in all three groups 
and suggested that the medications used in their study
did not enhance recovery over NBO2 alone.
 There are no published studies comparing the effec-
tiveness of NBO2 versus HBO2 for resolution of CO-
induced headache. As the severity of headache pain was 
measured by the same method in both studies, this 
analysis was performed to compare NBO2 and HBO2 
with regard to resolution of CO-induced headache 
pain.
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MeThodS
In Ocak’s 2016 study [6], 117 patients were prospectively 
randomized to one of three treatment arms for CO-
induced headache. These included NBO2 breathing 
for four hours, identical NBO2 plus metaclopramide, 
or NBO2 plus metamizole (a drug with analgesic, anti-
pyretic and spasmolytic properties not available for hu-
man use in the United States). Demographic data were 
collected, along with baseline and serial subjective 
patient assessments of pain on a 0-10 analog scale. 
The Ethics Committee of Abant Izzet Baysal University 
Medical Facility approved the study.
 When analyzed, there were no significant differences 
among the three groups with regard to age, gender or 
baseline carboxyhemoglobin (COHb) levels [6]. Simi-
larly, baseline and post-treatment pain scores were not 
significantly different among groups. As it appeared 
that the medications chosen for study had no discern-
ible effect, patients in the three groups were combined 
into one NBO2 treatment group for this analysis. 
 In the earlier study by Hampson, age, gender, CO 
source, and baseline COHb levels were also collected. 
In addition, subjective patient assessment of HA pain on 
a 0-10 analog scale was performed prior to HBO2 treat-
ment and upon its conclusion. The HBO2 treatment 
involved compression to 3.0 atmospheres absolute 
(ATA) with administration of two 23-minute 100% 
oxygen breathing periods separated by a five-minute 
air break at that pressure, subsequent decompression 
to 2.0 ATA over five minutes with administration of 
two 25-minute oxygen periods at that pressure, and 
then a 10-minute decompression to 1.0 ATA. Total 
treatment time was 121 minutes plus variable com-
pression time, dependent upon patient tolerance.

 Patient unidentifiable demographic and clinical in-
formation was recorded on a CO poisoning clinical 
research database approved by the Institutional review 
Board of Virginia Mason Medical Center.
 Of 117 patients treated with NBO2 in the Ocak study, 
82 completed the protocol, with the others dropping out 
because they either could not adapt to the treatment or 
voluntarily left the emergency department before the 
four-hour evaluation time point [6]. remaining in the 
study for post-NBO2 evaluation were 47 in the NBO2-
only group, 36 in the NBO2-plus-metaclopromide 
group, and 34 in the NBO2-plus-metamizole group. 
Baseline data for the total NBO2 group therefore in-
cludes 117 patients with intent-to-treat while post-
treatment data are from 82 who completed treatment. 
 Of the 100 CO-poisoned patients who were referred 
for HBO2 with headache [5], 73 still had pain at the 
time of presentation to the hyperbaric department. 
Those 73 comprised the HBO2 study population. All 
completed the planned HBO2 treatment.
 Statistical analysis was performed using the online 
program QuikCalcs from GraphPad Software [7]. De-
scriptive statistics (mean, SD) of continuous variables 
(age, COHb, pain scores) were calculated for the 
HBO2 group and compared with NBO2 data by un-
paired t-test entering mean, standard deviation and 
number of patients. Categorical data were compared 
with two-tailed Fishers exact test.

ReSulTS
Demographic and clinical information for the NBO2 
and HBO2 groups are shown in Table 1. There were 
no significant differences between the two populations 
with regard to age or presenting COHb level. 

_________________________________________________________________________
   normobaric hyperbaric  
   oxygen n=117 oxygen n=73 P-value 

  age (years) 38 ± 10 39 ± 13 P=0.583_________________________________________________________________________ 
 gender 68F/49M 27F/46M P=0.0001_________________________________________________________________________ 
 carboxyhemoglobin (%) 21.4 ± 12.0 21.6 ± 9.8 P=0.898_________________________________________________________________________ 
 common CO sources stove 65% motor vehicle 38%    _________________________________________________ 
    water heater 15% forklift 26%  _________________________________________________
    natural gas burning 14% furnace10%
_________________________________________________________________________ 

 
Table 1.  Demographic and presenting carboxyhemogobin levels 

for patients with CO-induced headache treated with normobaric and hyperbaric oxygen
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Figure 1: response of CO-induced headache pain 
to normobaric oxygen (NBO2) and hyperbaric oxygen (HBO2).  

Pain intensity scores are the mean for each group, based on a 0-10 scale.
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 The NBO2 group was 58% female, while the HBO2 
group was 37% female (P=0.001). This appears to re-
late to the source of poisoning and associated domestic 
or work activities. Table 1 lists the three most common 
CO sources in each population. Females predominated 
in the Turkish population, and the common sources 
were related to the home. Males predominated in the 
U.S. population, with motor vehicles and forklifts result-
ing in approximately two-thirds of the poisonings.
 Baseline headache intensity averaged 6.5 ± 3.1 in the 
NBO2 group and 6.2 ± 2.6 in the HBO2 group (P = 0.444). 
Pain score following four hours of NBO2 was 1.5 ± 2.6 
and 1.0 ± 1.5 following one HBO2 treatment (P = 0.184) 
(Figure 1).

dISCuSSIon
CO has a number of mechanisms of toxicity. These in-
clude binding to hemoglobin, with associated reductions 
in arterial blood oxygen content and oxygen delivery; 
intracellular protein binding, causing interruption of 
high-energy phosphate production (myoglobin, cyto-
chrome a,a3); nitric oxide production, with peroxyni-
trite production and neutrophil activation; lipid peroxi-
dation by neutrophils; mitochondrial oxidative stress; 
apoptosis; immune-mediated injury; and delayed in-
flammation [4]. When they have been compared, 

laboratory models of CO toxicity have consistently 
shown that the mechanisms identified are modulated 
more favorably by HBO2 than NBO2 [8-12].
 Clinical studies comparing NBO2 with HBO2 in CO 
poisoning have typically used neurologic injury as the 
measured outcome, usually by assessing long-term 
cognitive function. None have compared resolution of 
clinical symptoms, including whether one method of 
oxygen administration is more effective than the other 
for the most common symptom in CO poisoning, 
headache.
 Oxygen administration is standard initial treatment 
in CO poisoning [4], first reported to have been utilized 
by Linas in France in 1868 [13]. It has long been known 
that oxygen breathing accelerates the clearance of 
COHb. While NBO2 has been extensively compared 
with normobaric air breathing in regard to COHb half-
life in humans [3], there is no trial demonstrating that 
NBO2 has a clinical treatment advantage over air. 
It would likely be considered unethical to perform 
such a study today, as oxygen therapy is the accepted 
standard of care worldwide, it is inexpensive, and rela-
tively non-toxic. While NBO2 and HBO2 were demon-
strated to relieve CO-induced headache intensity to 
an equal degree in this comparison, it is assumed that 
both are more effective than air.
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 As noted previously, the mechanism for CO-induced 
headache is poorly defined. CO headache was tradition-
ally described as throbbing, likely related to a table 
published in a 1923 Bureau of Mines report that was 
widely copied in the literature for decades [14,15]. This 
table listed symptoms to be expected at various COHb 
levels and indicated that “Headache; throbbing in the 
temples” occurred at a level of 20%-30%. It is now gen-
erally believed that neither symptoms in general nor 
severity of CO-induced HA in particular correlate with 
presenting COHb levels [1,5,6]. Further, there is 
no “characteristic” HA caused by CO, and it is certainly 
not bitemporal and throbbing. In the prospective eval-
uation of headache characteristics in CO-poisoned 
patients, only a minority experienced throbbing pain. 
and the most frequent location was frontal [5].
 If the assumption that 100% oxygen breathing accel-
erates headache resolution better than air is correct, 
the mechanism by which it does so is speculative. It is 
unlikely to be an effect on any of the toxic mechanisms 
of CO listed above because HBO2 has been demon-
strated in animal models to modulate most of them 
more favorably than NBO2. It cannot simply be reduc-
tion in COHb level because HBO2 does this more effi-
ciently than NBO2 and COHb has been shown not to
correlate to peak CO headache pain intensity [5,6].
 The vasoconstrictive effects of oxygen may be the 
mechanism for pain relief in CO-induced headache. 
Acute hypoxia is a potent dilator in the cerebral circu-
lation that produces marked increases in cerebral blood 
flow [16]. Additionally, CO itself is an endogenous 
vasodilator, mediating vascular smooth muscle cell 
relaxation via cyclic GMP [17]. In a rabbit model, 1%
 CO administration reduced cerebrovascular resistance 
by 70%-76% and increased cerebrocortical blood flow 
by 230%-290% despite a 28% fall in mean arterial 
pressure [18]. 
 There are at least two mechanisms by which oxygen 
may be causing vasoconstriction. First, it may inhibit 
hypoxia-induced vasodilation by improving tissue oxy-
genation. Secondly, oxygen has primary vasoconstrictor 
effects in the systemic circulation. kenmure and col-
leagues demonstrated in 1948 in humans that hyper-
baric 100% oxygen breathing at 2.0 ATA increased 
systemic vascular resistance (SVr) 15% above that seen 
with normobaric air breathing [19]. NBO2 caused an 
increase in SVr similar to that seen with HBO2. Berry 

and co-workers studied regional blood flow effects of 
hyperoxia in a canine model [20]. NBO2 administration 
increased SVr 24% over that measured breathing air. 
Carotid flood flow was unchanged from air with NBO2 
and reduced 18% with HBO2 at 2.0 ATA.
 These changes are supported by a variety of studies 
looking at cerebral blood flow (CBF) during hyperoxia. 
Compared to air breathing, kety reported a 13% de-
crease in CBF caused by NBO2 [21], while Lamberts-
en measured a 15% decrease in CBF with NBO2 and a 
25% reduction breathing HBO2 at 3.5 ATA [22], both 
studies in humans. Bergo and Tyssebotn reported 
a 30% reduction in CBF in rats breathing HBO2 at 
3.0 ATA and a 23-32% decrease when breathing 
95% oxygen at 5.0 ATA [23,24].  
 Vasodilation is a recognized cause of many types of 
headache, examples of which are hypobaric hypoxic 
headache at altitude and hypercapnic headache [25]. 
Oxygen has been demonstrated in a prospective, ran-
domized fashion to be effective treatment in cluster 
headache [26] and in primary headache disorders of 
mixed type in patients presenting to the emergency de-
partment [27]. The clinical response to oxygen admin-
istration seen in the present comparison is comparable 
in time course and direction to the human experimental 
studies on vasoconstriction described. It is interesting 
to note that the laboratory investigations reported sug-
gest that a large portion of the oxygen-induced reduction 
in CBF occurs with NBO2 administration. This is con-
sistent with the present clinical finding that NBO2 and
HBO2 at 3.0 ATA relieved CO headache pain similarly.

lIMITATIonS
It was fortuitous that the study by Ocak used the same 
methodology for headache pain scoring as was used in 
the earlier CO headache investigation by Hampson, 
allowing direct comparison of results. The numbers of 
patients were similar, with matching mean patient age 
and COHb levels. A potential limitation could be the 
mismatch of gender and CO sources. However, no dif-
ferences in response to CO poisoning treatment by 
gender or source have ever been reported, so it would be 
difficult to argue that they are having an effect here.    
 Another potential limitation could be cultural differ-
ences between the normobaric and hyperbaric popula-
tions influencing subjective assessment and reporting of 
pain. It is noted that pre-hospital treatment information 
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is not available for comparison and that post-treatment 
assessments were performed at different times because 
the treatments were of different durations. As pain inten-
sity was formally assessed only pre- and post-treatment, 
it is not possible to say whether one of the two forms 
of oxygen administration relieved pain more rapidly.

ConCluSIon
In summary, oxygen administration is associated with 
marked reduction in the intensity of CO-induced head-
ache pain, and the degree of reduction appears similar 

whether four hours of NBO2 or a two-hour HBO2 
protocol for CO poisoning is utilized. Oxygen likely 
has its effect by inhibition of cerebral hypoxia-induced
vasodilation and direct cerebrovascular constriction.
	 	 	 	 	 	 	 n

Conflict of interest statement
The authors declare that no conflicts of interest exist 
with this submission.

  1. Hampson NB, Dunn SL, Members of the UHMS/CDC 
CO Poisoning Surveillance Group. Symptoms of acute carbon 
monoxide poisoning do not correlate with the initial carboxy-
hemoglobin level. Undersea Hyperb Med. 2012; (39)2: 657-665.
  2. Weaver Lk. Carbon monoxide poisoning. Crit Care Clin. 
1999; 15(2): 297-317.
  3. Weaver Lk. Carbon monoxide poisoning. N Engl J Med. 
2009; 360:1217-1225.
  4. Hampson NB, Piantadosi CA, Thom Sr, Weaver Lk. 
Practice recommendations in the diagnosis, management and 
prevention of carbon monoxide poisoning. Am J resp Crit Care 
Med. 2012; 186(11); 1095-1101.
  5. Hampson NB, Hampson LA. Characteristics of the 
headache associated with acute carbon monoxide poisoning. 
Headache. 2002; 42: 220-223.
  6. Ocak T, Tekin E, Basturk M, Duran A, Serinken M, 
Emet M. Treatment in carbon monoxide poisoning patients 
with headache: a prospective, multicenter, double-blind, 
controlled clinical trial. Am J Emerg Med. 2016; 34: 2140-2145.
  7. GraphPad Software. QuikCalcs. Accessed at 
http://www.graphpad.com/quickcalcs/index.cfm 8 January, 2017.
  8. Peterson JE, Stewart rD. Absorption and elimination of 
carbon monoxide by inactive young men. Arch Environ Health. 
1970; 21: 165-171.
  9. Brown SD, Piantadosi CA. reversal of carbon monoxide-
cytochrome c oxidase binding in vivo. Adv Exp Med Biol. 1989; 
248: 747-754.
 10. Brown SD, Piantadosi CA. recovery of energy metabolism 
in rat brain after carbon monoxide hypoxia. J Clin Invest. 1992; 
89: 666-672.
 11. Thom Sr. Antagonism of carbon monoxide-mediated 
brain lipid peroxidation by hyperbaric oxygen. Toxicol Appl 
Physiol. 1990; 105: 340-344.

 12. Thom Sr, Bhopale VM, Fisher D. Hyperbaric oxygen 
reduces delayed immune-mediated neuropathology in 
experimental carbon monoxide poisoning. Toxicol Appl 
Physiol. 2006; 213:152-159.
 13. Linas AJ, Limousin S. Asphyxie lente graduelle par 
l’oxyde de carbone, traitement et guerison par les inspirations 
d’oxygene. (translation: Slow and gradual asphyxiation by 
charcoal, treatment and healing by inhalation of oxygen). 
Bul Mem Soc Ther. 1868; 2: 32.
 14. Sayers rr, yant WP. Dangers of and treatment for carbon 
monoxide poisoning. Bureau of Mines reports of Investiga-
tions, serial number 2476, May 1923, 11 pages.
 15. Hampson NB. Myth busting in carbon monoxide poison-
ing. Am J Emerg Med. 2016; 36(2): 295-297.
 16. Masamoto k, Tanishita k. Oxygen transport in brain 
tissue. J Biomech Eng. 2009; 131: 74-82. 
 17. Morita T, Perrella MA, Lee ME, kourembanas S. Smooth 
muscle cell-derived carbon monoxide is a regulator of vascular 
cGMP. Proc Nat Acad Sci USA. 1995; 92(5): 1475-1479.
 18. Meyer-Whitting M, Helps S, Gorman DF. Acute carbon 
monoxide exposure and cerebral blood flow in rabbits. 
Anaesthes Intensive Care. 1991; 19(3): 373-377.
 19. kenmure ACF, Murdoch Wr, Hutton I, Cameron AJV. 
Hemodynamic effects of oxygen at 1 and 2 Ata in healthy 
subjects. J Appl Physiol. 1972; 32(2): 223-226.
 20. Berry JM, Doursout MF, Butler B. Effects of hyperbaric 
hyperoxia on cardiac and regional hemodynamics in conscious 
dogs. Aviat Space Environ Med. 1998; 69: 761-765.
 21. kety SS, Schmidt CF. The effects of altered arterial 
tensions of carbon dioxide and oxygen on cerebral blood flow 
and cerebral oxygen consumption in normal young men. 
J Clin Invest. 1949; 27(4): 484-492.

______________________________________________________________________________________________________________________________________________________

ReFeRenCeS



UHM 2017, Vol. 44, No. 4 – NBo2 Vs. HBo2 FoR Co HEADACHE 

Hampson NB, Ocak T336

 22. Lambertsen CJ, Dough rH, Cooper Dy, Emmel GL, 
Loeschcke HH, Schmidt CF. Oxygen toxicity; effects in man of 
oxygen inhalation at 1 and 3.5 atmospheres on blood gas trans-
port, cerebral circulation and cerebral metabolism. 
J Appl Physiol. 1953; 5(9): 471-486.
 23. Bergo GW, risberg J, Tyssebotn I. Effect of 5 bar oxygen 
on cardiac output and organ blood flow in conscious rats. 
Undersea Biomed res. 1989; 15: 457-470.
 24. Bergo GW, risberg J, Tyssebotn I. Cerebral blood flow 
distribution during exposure to 5 bar oxygen in awake rats. 
Undersea Biomed res. 1992; 19(5): 339-354.
 25. Lagman-Bartolome AM, Gladstone J. Metabolic head-
aches. Neurol Clin. 2014; 32: 451-469.

 26. Cohen AS, Burns B, Goadsby PJ. High-flow oxygen for 
treatment of cluster headache: A randomized trial. JAMA. 
2009; 302(22): 2451-2457.
 27. Ozkurt B, Cinar O, Cevik E, Acar Ay, Arslan D, Eyi Ey, 
Jay L, yamanel L, Madsen T. Efficacy of high-flow oxygen in 
all types of headache: A prospective, randomized, placebo 
controlled trial. Am J Emerg Med  2012; 30: 1760-1764.

		 	 	 	 	 ✦


