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0 Abstract-Medical directors of North American hyper- 
baric oxygen (HBO) facilities were surveyed to assess selec- 
tion criteria applied for treatment of acute carbon mon- 
oxide (CO) poisoning within the hyperbaric medicine 
community. Responses were received from 85% of the 208 
facilities in the United States and Canada. Among respond- 
ers, 89 monoplace and 58 multiplace chamber facilities 
treat acute CO poisoning, managing a total of 2,636 
patients in 1992. A significant majority of facilities treat 
CO-exposed patients with coma (98%), transient loss of 
consciousness (LOC) (77Vo), ischemic changes on electro- 
cardiogram (91%), focal neurologic deficits (94% ), or ab- 
normal psychometric testing (91% ), regardless of carboxy- 
hemoglobin (COHb) level. Although 92% would use I-IBO 
for a patient presenting with headache, nausea, and COHb 
40070, only 62% of facilities utilize a specified minimum 
COHb level as the sole criterion for HBO therapy of an 
asymptomatic patient. When COHb is used as an indepen- 
dent criterion to determine HBO treatment, the level uti- 
lized varies widely between institutions. Half of responding 
facilities place limits on the delay to treatment for patients 
with only transient LOC. Time limits are applied less often 
in cases with persistent neurologic deficits. While variabil- 
ity exists, majority opinions can be derived for many pa- 
tient selection criteria regarding the use of HBO in acute 
CO poisoning. 

q Keywords-carbon monoxide; poisoning; hyperbaric 
oxygen therapy 

INTRODUCTION 

Inhalation of oxygen is the primary medical therapy 
for the patient suffering from acute carbon monox- 
ide (CO) poisoning. Hyperbaric oxygen administra- 
tion serves to enhance the rate of clearance of CO 
from hemoglobin and tissue, can improve tissue oxy- 
genation by improving peripheral oxygen delivery, 
and has the potential to reduce cerebral edema 
( 1). Most physicians agree that hyperbaric oxygen 
(HBO) is appropriate for severe cases of acute CO 
poisoning. The specific definition of severe poison- 
ing, however, remains controversial within the gen- 
eral medical community. As a result, some disagree- 
ment exists as to which patients should be referred 
for HBO (2-4). 

It would be expected that one could turn to the 
hyperbaric medicine community for consensus rec- 
ommendations regarding selection criteria for HBO 
treatment of patients with acute CO poisoning. The 
Hyperbaric Oxygen Committee of the Undersea and 
Hyperbaric Medical Society (UHMS) provides guid- 
ance in this area, recommending that CO-intoxicated 
patients with alteration in mental status, neurolog- 
ical signs, cardiovascular dysfunction, pulmonary 
edema, severe acidosis, or any interval of uncon- 
sciousness be referred for HBO therapy (5). In addi- 
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tion, the Committee notes in the same report that 
psychometric testing may be helpful for detection of 
subtle central nervous system involvement, and that 
efficacy of HBO is diminished when administered 
greater than 6 hours after the patient is discovered. 
Finally, the Committee suggests that treatments be 
performed at 2.4 to 3.0 atmospheres absolute 
(ATA), with daily retreatment of patients with se- 
vere neurological dysfunction until additional im- 
provement is not seen. 

Although these recommendations may appear clear, 
it is apparent that variation exists in clinical hyperbaric 
medicine practice with regard to the patient selection 
criteria utilized for this disease. The present study was 
performed in an attempt to define the degree of that 
variation and to determine where majority opinions 
regarding selection criteria may exist. 

METHODS 

Study data were obtained through a mail survey sent 
to medical directors of all 208 North American mo- 
noplace and multiplace hyperbaric facilities listed in 
the 1992 UHMS directory (6). Two repeat mailings 
were performed as necessary to achieve a high re- 
sponse rate. 

Hyperbaric medical directors were initially asked 
whether acute carbon monoxide poisoning is treated 
at their facility. If so, they were asked to complete 
the remainder of the questionnaire. Directors were 
questioned regarding their facility’s treatment experi- 
ence for CO intoxication in calendar year 1992. In- 
formation was also collected regarding the selection 
criteria utilized to determine whether a patient with 
acute CO poisoning receives hyperbaric oxygen treat- 
ment. Survey questions addressed three general cate- 
gories. First, the importance of signs or symptoms 
demonstrating end organ (central nervous system or 
heart) effect of CO was evaluated. A second group 
of questions focused on the patient’s carboxyhemo- 
globin (COHb) level. The final area addressed was 
the issue of temporal delay, both with regard to delay 
to treatment in acute poisoning and the delayed onset 
of neurologic symptoms following acute poisoning. 

Summed responses were analyzed for all treating 
facilities as a group. Excluded from data analysis 
were nonresponding facilities and those facilities that 
do not use their hyperbaric chamber to treat acute 
CO poisoning. 

RESULTS 

Survey responses were received from 176 (85%) of 
the 208 North American hyperbaric facilities listed in 
the 1992 UHMS directory. Among responders, 58 

multiplace and 89 monoplace facilities reported that 
they utilize their hyperbaric chamber for treatment 
of acute carbon monoxide poisoning. In the calendar 
year 1992, multiplace chambers were used to treat 
1,398 CO-intoxicated patients, with individual facili- 
ties treating 0 to 161 patients (mean 24 patients per 
facility). Monoplace chambers treated a total of 
1,238 patients in 1992, with individual facilities treat- 
ing 0 to 112 patients (mean 14 patients per facility). 
Combining data from monoplace and multiplace 
facilities, 2,636 total patients were treated at 147 cen- 
ters, averaging 18 patients per facility in that year. 

With regard to selection criteria applied to deter- 
mine whether a CO-poisoned individual receives 
HBO treatment, survey questions first addressed the 
patient presenting with evidence of end organ effect 
of CO intoxication. Summarized responses to these 
questions are provided in Table 1. A significant ma- 
jority of facilities use HBO to treat CO-exposed pa- 
tients with coma (98%), focal neurologic deficits 
(94Q 1, ischemic changes on electrocardiogram 
(91 Vo ), abnormal psychometric testing (91% ), or 
transient loss of consciousness (LOC) who awaken 
before arrival in the emergency department (77’J70), 
regardless of carboxyhemoglobin level. Half of the 
facilities (48%) would use HBO for an individual 
not experiencing loss of consciousness but presenting 
with COHB 9.5%, dizziness, and headache. Only a 
small minority (7%) would consider HBO for the 
same individual (no LOC, COHb 9.5%) who pre- 
sented with no other signs or symptoms of poisoning. 

With regard to the COHb level, 135 of 176 treat- 
ing facilities (92% ) would use HBO for the patient 
presenting with headache, nausea, and COHb level 
of 40% (Table 1). Only 91 facilities (62Vo), how- 
ever, utilize a specified minimum COHb level as the 
sole criterion for HBO therapy of an asymptomatic 
patient. Among those hyperbaric physicians who uti- 
lize COHb level as an independent criterion for HBO 
treatment, minimum levels required for treatment 
range from 5 to 40%, with 20 or 25% being used by 
65% of physicians (Figure 1). 

Half of responding HBO medical directors place 
limits on the time delay allowed prior to hyperbaric 
treatment of patients with only transient loss of con- 
sciousness. Among those who would deny HBO in 
cases of delay, time limits applied vary from 1 hour to 
28 days (most commonly 12 hours, Figure 2). Such 
limits are less consistently applied in cases with persis- 
tent neurologic deficits or coma. Only 23% of medical 
directors utilize time criteria to determine eligibility for 
HBO treatment of the patient presenting with neuro- 
logical signs associated with CO poisoning. Where lim- 
its are used, intervals ranging from 6 hours to 56 days 
are applied (most commonly 24 hours ). 
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Table 1. Importance of CO End Organ Effect in Determlnlng Need for HBO Therapy 

Would you routinely use HBO treatment for the following adult patients with CO poisoning, presenting less than 3 hours after exposure? 

Arrives at emergency department unconscious with COHb 9.5% 
Initially unconscious upon CO exposure, arriving at the emergency department awake 

and asymptomatic, with normal neurologic examination and COHb 9.5% 
History of CO exposure, no loss of consciousness, COHb 9.5%, and the following: 

No symptoms or signs 
Headache and dizziness only 
ECG suggesting acute ischemia 
Focal neurologic abnormality on physical examination 
Abnormal psychometric testing 

No loss of consciousness, presenting with headache, nausea, COHb 40%, and normal 
neurologic examination, ECG, and neuropsychiatric testing 

No 
Yes No Response 

144 (98%) 2 (1%) 1 (1%) 
114 (77%) 29 (20%) 4 (3%) 

10 (7%) 133 (90%) 4 (3%) 
71 (48%) 70 (48%) 6 (4%) 

134 (91%) 9 (6%) 4 (3%) 
138 (94%) 4 (3%) 5 (3%) 
134(91%) 4 (30/o) 8 (5%) 
135 (92%) 9 (6%) 3 (2%) 

Approximately two-thirds (68Vo) of survey res- 
ponders utilize HBO to treat patients with neurologic 
or neuropsychiatric sequelae developing in a delayed 
fashion after CO intoxication. Time limits applied to 
such delayed treatment were not studied. 

DISCUSSION 

It has been previously reported that there is tremen- 
dous variation in the hyperbaric treatment protocols 
utilized for acute CO poisoning among multiplace 
hyperbaric chamber facilities in North America (7). 
A multitude of HBO protocols are in use, none of 
which is utilized for a majority of the patients 
treated. In addition to variations in the pressure ap- 
plied and time of oxygen administration, there also 
exist differences in opinion with regard to retreat- 
ment and the number of repeat treatments given (7). 
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Figure 1. Csrboxyhemoglobln (COHb) levels utlllzed to de- 
termlne need for hyperbaric oxygen therapy among the 91 
facllltles using COHb level as an lndependant lndlcatlon for 
treatment. 

The present study demonstrates that similar variation 
exists within the hyperbaric medical community with 
regard to some patient selection criteria used to deter- 
mine the need for HBO treatment of this disease, and 
that consensus exists for a number of other selection 
criteria. 

Approaches to selection criteria are most similar 
when dealing with the more severely poisoned pa- 
tient. As noted in Table 1, a significant majority of 
medical directors would recommend HBO for the pa- 
tient demonstrating significant end organ effect of 
the poisoning. Depending upon the specific condi- 
tion, 77 to 98% would use HBO for the patient with 
coma, transient loss of consciousness, focal neuro- 
logic deficit on examination, abnormal neuropsychi- 
atric testing, or cardiac ischemia, despite a low 
COHb level. Even after accounting for the 15% of 
facilities that did not respond to the survey, these can 
be considered indications for HBO by a majority of 
North American hyperbaric medical directors. Data 
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Figure 2. Limits on the time delay from CO exposure to hy- 
perbaric treatment allowed In cases with only trsnslent loss 
of consciousness (among 74 facilities applying such limits). 
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from published studies support the use of HBO in 
severe CO poisoning such as this, with lower mortal- 
ity and morbidity among those who receive HBO 
over normobaric oxygen (8-10). 

The role of the carboxyhemoglobin level in deter- 
mining which cases of CO poisoning warrant hyper- 
baric treatment is less clear. Nearly all treating facili- 
ties would use HBO for a poisoned patient with 
COHb 40070, headache, and nausea. Only two-thirds, 
however, identify COHb level as an independent cri- 
terion for the HBO treatment of an asymptomatic 
patient. Therefore, although the majority of medical 
directors use HBO for the patient with a specified 
minimum COHb level regardless of apparent end or- 
gan effect, some also require symptomatic manifesta- 
tion of the poisoning for HBO treatment. It would 
appear that manifestations of headache or nausea are 
considered sufficient symptoms by these physicians 
to administer HBO. 

When the COHb level is applied as an independent 
indication for HBO therapy, the range of values uti- 
lized is quite wide (Figure 1). A carboxyhemoglobin 
level of 25% was identified most often by survey 
responders, but this value is used by only half of 
those applying COHb as a sole criterion for treat- 
ment. It is not possible to draw firm conclusions 
from the published clinical literature with regard to 
the role of COHb in determining need for HBO ther- 
apy. The UHMS Hyperbaric Oxygen Therapy Com- 
mittee notes only that the “body of clinical data avail- 
able suggests that functional testing, rather than a 
carboxyhemoglobin level, may be a more appropriate 
method for determining the need for HBO therapy 
among minimally symptomatic patients” (5). 

It has been previously demonstrated that effective- 
ness of HBO therapy for CO poisoning decreases 
with duration of delay to treatment. In the classic 
study by Goulon, HBO treatment within 6 hours of 
victim discovery resulted in 13.5% mortality, while 
those receiving HBO more than 6 hours after being 
found had a 30.1% mortality rate ( 11). In a 1991 
analysis of 187 patients treated at a North American 
hyperbaric facility, interval from CO exposure to 
HBO treatment was also found to correlate signifi- 
cantly with the chance for residual neurologic deficits 
after treatment (12). 

Neither these nor other studies, however, have 
precisely defined time limits beyond which HBO 
therapy is likely to be ineffective. This is the probable 
explanation for the diversity in approach seen among 
those responding to the present survey. One-half of 
medical directors use a time limit to deny HBO treat- 
ment to a patient with only transient loss of con- 

sciousness. In the CO-poisoned patient presenting 
with focal neurologic findings, time limits are applied 
by only one-quarter of directors. When limits are 
applied in such instances, intervals ranging from 6 to 
48 hours are most commonly used, but delays of 1 to 
2 months are allowed by some physicians (Figure 2). 

It is interesting that some who would deny HBO to 
the patient initially presenting with focal neurological 
signs because of excessive delay to treatment would 
utilize HBO for symptoms developing in a delayed 
fashion. A majority of responding medical directors 
reported that they utilize HBO to treat patients with 
delayed development of neurologic or neuropsychiat- 
ric sequelae after CO intoxication. Published data 
regarding the efficacy of such treatment is contradic- 
tory (8,13). 

Discrepancy with regard to treatment of pregnant 
patients with CO poisoning has previously been re- 
ported (7). In that survey of North American multi- 
place hyperbaric facilities, 74% have treated or 
would treat pregnant patients with significant CO in- 
toxication. One-quarter do not use HBO for preg- 
nant CO-poisoned patients, despite a lack of data 
demonstrating increased risk from such treatment 
and recommendations from authors in both the 
United States and Europe that such patients be 
treated (14,15). 

Future studies are needed to resolve the controver- 
sies that remain with regard to the hyperbaric man- 
agement of the CO-poisoned patient. The variability 
in patient selection criteria demonstrated in the pres- 
ent study complicates comparison of results from dif- 
ferent hyperbaric centers. These problems are only 
compounded by differences in the hyperbaric treat- 
ment profiles utilized. Randomized clinical trials, 
possibly multicentered, could study those categories 
of CO-poisoned patients for whom only a minority 
of hyperbaric medical directors currently apply HBO 
therapy in an attempt to determine whether such pa- 
tients benefit from HBO treatment. In addition, 
HBO treatment itself could be standardized by ran- 
domizing patients treated by a majority of directors 
to the various HBO treatment protocols currently 
in use. 

The variability in clinical HBO practice attests to 
the fact that the optimal approach to this disease is 
currently unknown. Through systematic study of the 
problem, it should be possible to define an appro- 
priate standard of care. Until this is done, it is likely 
that some patients who may benefit from HBO will 
not be referred for treatment, and others will receive 
HBO therapy with little likelihood of additional ben- 
efit beyond that offered by normobaric oxygen. 
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