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Experience with Non-survivors of Acute Carbon
Monoxide Intoxication Who Received Hyperbaric
Oxygen Therapy and Literature Review

Yu-Sheng Lin*, Te-Chun Hsia*,**, Yu-Lin Tsai*, Wen-Kai Tsai*, Liang-Wen Hang*,**,
Chao-I Wu**, Chuen-Ming Shih*, Wu-Huei Hsu*

Purpose: The main purpose of this study was to determine the reason for the carbon
monoxide (CO) poisoning-related deaths at out hospital and to describe the demographic
data and epidemiology.

Methods: We retrospectively selected this group of acute CO intoxication patients that
received emergency hyperbaric oxygen therapy (HBOT) from April 2000 to August 2005
at our hospital. Data regarding age, gender, duration of CO poisoning exposure, cause of
the episode, underlying disease, number of HBOT courses, hospital course, cormorbidity,
and cause of mortality were obtained from the medical records. We also reviewed the
admission data records, including vital signs, Glasgow Coma Scale, arterial blood gas,
carboxyhemoglobin level, and intubation or not.

Results: One hundred thirty-seven patients and 5 fatalities related to CO poisoning
were reviewed; the mortality rate was 3.65%. The 5 fatalities were all male, in the prime of
life (27~37 years old), and without major underlying disease. Four (4/5) patients committed
suicide by inhaling CO from burning charcoal. They all received emergent HBOT. Prolonged
unconsciousness was noted after series HBOT in 4 (4/5) patients. Four (4/5) patients
developed rhabdomyolysis and acute renal failure. The causes of death were multiple organ
failure (3/5, 60%) and septic shock (2/5, 40%).

Conclusions: The causes of acute CO poisoning among the fatalities were suicide by
inhaling CO from burning charcoal (4/5, 80%) and a fire accident (1/5, 20%) at our hospital.
They were in the prime of life without major underlying disease. The brain is an oxygen-
dependent organ, and the damage may be severe and irreversible after CO intoxication and
hypoxia. Rhabdomyolysis and acute renal failure may also occur. Secondary infection and
septic shock may worsen the already poor condition. The cause of death may be considered
as multiple organ failure, including the brain, lung, and kidney. (Thorac Med 2008; 23:
187-194)
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Introduction

Carbon monoxide (CO) is a product of the
incomplete combustion of hydrocarbons. CO is
a colorless, odorless, and nonirritant toxic gas
that is easily absorbed through the lung. Its pro-
duction does not have a special warning sign.
As many as 3,500 people are poisoned and die
in the United Sates (US) every year because of
CO poisoning related to fire, coal gas, auto-
mobile exhaust, and other sources [1]. The
amount of gas absorbed is dependent on the
minute ventilation, the duration of exposure, and
the relative concentration of CO and oxygen
in the environment [2]. CO toxicity appears
to result from a combination of tissue hypoxia
and direct CO-mediated damage at the cellular
level [3]. Hyperbaric-oxygen therapy (HBOT)
is often recommended for patients with acute
CO poisoning, especially if they have lost
consciousness or have severe poisoning [4].
The advantages of HBOT include increased
dissolved-oxygen content in the blood and
accelerated elimination of CO [5]. The potential
benefits of HBOT include the prevention of
lipid peroxidation in the brain and the preser-
vation of adenosine triphosphate (ATP) levels
in tissue exposed to CO [5].

We selected a group of acute CO intoxi-
cation patients that had received emergency
HBOT from April 2000 to August 2005. The
main purpose of this study was to determine the
reason for the CO-related deaths and to describe
the demographic data and epidemiology of
these fatal poisonings.

Materials and Methods

The Hyperbaric Oxygen Therapy Center of
China Medical University Hospital (CMUH),
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Taichung, Taiwan was established in April 2000.
We use a multiplace hyperbaric chamber (HPE.
50.2M Model 222.12.AT, Bergamo, Italy).

We retrospectively reviewed the records
of the patients who received HBOT at CMUH
from April 2000 to August 2005 due to acute
CO poisoning. During the 5-year study period,
137 patients who received HBOT for acute CO
poisoning were enrolled, and 5 CO poisoning-
related deaths are described. Data on the age,
gender, duration of CO poisoning exposure,
cause of the episode, underlying disease, nu-
mber of HBOT courses, hospital course, cor-
morbidity, and cause of mortality were obtained
from the medical records. We also reviewed the
admission data records, including vital signs,
Glasgow Coma Scale (GCS), arterial blood
gas, carboxyhemoglobin (HbCO) level, and
intubation or not.

Results

The records of 137 patients were reviewed.
Seventy-four (73/137, 53%) patients were wo-
men, and 64 (64/137, 47%) were men. Eighteen
(18/137, 13%) patients had been intubated with
mechanical ventilator support due to acute
respiratory failure. The causes of CO poisoning
included attempted suicide by inhaling CO
from burning charcoal (71%, 97/137), bathing
accidents with gas inhalation (20%, 27/137),
fire accidents (3%, 5/137), attempted suicide
by inhaling automobile exhaust (3%, 4/137),
barbecue accidents with coal gas inhalation (2%,
3/137), and a work accident with other toxic
gas inhalation (1%, 1/137). Twenty-five (25/
137, 18%) patients were abusing sedative drugs
when they attempted suicide with CO poiso-
ning.

Five patients died due to CO poisoning, with
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a mortality rate of 3.65%. All were males, in
the prime of life (27~37 years old), and without
major underlying disease. They were sent to our
Emergency Department (ED) due to attempted
suicide through inhaling CO fumes from bur-
ning charcoal (4/5, 80%) and a fire accident
(1/5, 20%). The duration of exposure to CO
could not be clearly ascertained. The level of
HbCO ranged from 11.4% to 56.9%. The pa-
tients were in a deep coma when they arrived
at our ED. Two (2/5) patients were dead on
arrival (DOA) and were resuscitated from car-
diac arrest; 3 (3/5) were intubated with mecha-
nical ventilator support, and 2 (2/5) used 100%
oxygen initially. The patients were treated in
the multiplace hyperbaric chamber (HPE.50.2M
Model 222.12.AT, Bergamo, Italy), under 2.5
atmospheric pressure absolute (ATA), with
100% oxygen for 23 minutes and an air break
for 5 minutes, with the duration averaging 2
hours (1.5~3 hours), and 1~3 times per day.
Prolonged unconsciousness was noted after
series HBOT in these patients. Three (3/5) pa-
tients developed rhabdomyolysis due to extend-
ed tissue compression, and 4 (4/5) developed
acute renal failure. The length of hospitalization
was from 2 to 18 days. Table 1 summarizes the
data presented in this study. The causes of death
were multiple organ failure (3/5, 60%) and
septic shock (2/5, 40%).

Discussion

In Taiwan, suicide has been the 9th leading
cause of death in recent years, and CO poiso-
ning is the number 2 cause of successful sui-
cide. CO poisoning accounts for an estimated
40,000 annual ED visits in the US; it is the
leading cause of poisoning mortality in the
US and may be responsible for more than half

of all fatal poisonings worldwide [3]. CO is
the commonest and most serious by-product
of combustion, and is responsible for smoke-
related morbidity and mortality [6]. As it is a
colorless, odorless, tasteless and non-irritating
gas, the exposed person is usually unaware of its
effect until serious disorders occur. CO causes
poisoning by its high affinity to hemoglobin (200
to 250 times greater than its affinity for oxygen)
and its ability to replace oxygen, which renders
the hemoglobin useless in terms of its oxygen
carrying capacity. CO also alters the molecular
configuration of hemoglobin and decreases the
2-3 diphosphoglycerate (2-3 DPG) of red blood
cells, resulting in an unfavorable left shift of the
oxyhemoglobin dissociation curve [7]. These
alterations result in an impaired release of oxy-
gen at the tissue level, and cellular hypoxia.
The amount of gas absorbed is dependent
on the minute ventilation, the duration of expo-
sure, and the relative concentrations of CO and
oxygen in the environment. CO is principally
eliminated by the lungs as an unchanged gas.
CO binds to many heme-containing proteins
other than hemoglobin, including cytochromes,
myoglobin, and guanylyl cyclase. The disrup-
tion of oxidative metabolism via cytochrome
oxidase may lead to the generation of oxygen
free radicals. Cellular respiration may also
be impaired via inactivation of mitochondrial
enzymes and impaired electron transport from
oxygen radicals (i.e., peroxynitrite) produced
after CO exposure [8]. Clinical manifestations
of CO intoxication are related to the blood car-
boxyhemoglobin level, time course of exposure,
respiratory rate, age and health of the victim,
and concomitant medications (affecting hepatic
enzymes) or toxins (drugs, alcohol, etc.) [9].
The duration of exposure appears to be an
important factor mediating toxicity. The CO
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level is certainly important in diagnosing CO
poisoning, but does not predict the immediate
or late sequelae. The decision to administer
HBOT or not cannot be made solely on the
basis of CO levels [10]. By supplying a high
concentration of oxygen or HBOT (100 percent
oxygen at 2 to 3 times the atmospheric pressure
at sea level) in victims of CO poisoning, CO
can be replaced by oxygen and tissue hypoxia
can be relieved. The half-life of CO in the body
is approximately 4-5 hours; this can be reduced
to 60-80 minutes by giving 100% oxygen, or to
approximately 25 minutes by HBO [3]. HBOT
with CO-poisoned individuals is more effective
when delivered within 6 hours of removal from
CO exposure [11].

Acute CO poisoning is a common event with
variable presentations. The symptoms and signs
are distributed from headache, dizziness, weak-
ness, nausea, shortness of breath, visual changes,
chest pain, difficulty concentrating, and confu-
sion, to loss of consciousness. The clinical ef-
fects of CO poisoning are diverse and easily
confused with other illnesses, such as nonspeci-
fic viral illnesses, benign headache, and various
cardiovascular and neurological syndromes
[3]. Early neurological manifestations include
dizziness and headache. Increasing exposure
may produce altered mental status, confusion,
syncope, seizure, acute stroke-like syndromes,
and coma.

The role of nitric oxide (NO) and other oxy-
gen free radicals has been researched exten-
sively in the setting of CO poisoning. Many ani-
mal studies have demonstrated cerebral vasodi-
lation after exposure to CO, which is associated
temporally with a loss of consciousness and
increased NO levels. This finding has led to
speculation that clinical syncope may be related
to NO-mediated cerebral vessel relaxation and

low blood flow. NO is also a peripheral vaso-
dilator and may result in systemic hypotension
[5]. The presence of systemic hypotension in
CO poisoning is correlated with the severity
of central nervous system structural damage
[12]. NO also seems to play a pivotal role in
a cascade of events culminating in oxidative
damage to the brain, which may be responsible
for the clinical syndrome of delayed neurolo-
gical sequelaec (DNS). Brain lipid peroxidation
after CO exposure seems to be a post-ischemic
reperfusion phenomenon, mediated by alte-
rations in cerebral blood flow and oxidative free
radical damage [8].

Due to coma consciousness secondary to
CO poisoning, long-term muscle compression
and hypoxic encephalopathy with refractory
seizure may result in rhabdomyolysis, cell
lyses with hyperkalemia, metabolic acidosis,
acute tubular necrosis, oliguria, and acute renal
failure. CO poisoning may also result in rthabdo-
myolysis, potentially as a direct toxic effect of
CO on skeletal muscles [13].

A number of studies have documented the
poor prognosis of patients with out-of-hospital
cardiac arrest in general. Rates of survival to
hospital discharge in reported series have ranged
from 1.4% to 26%, and are estimated to aver-
age 20% overall. Discovery of the arrested pa-
tient in asystole or bradydysrhythmia has also
been described as associated with a worse prog-
nosis [14]. It can be seen that cardiac arrest
complicating CO poisoning carries a dismal
prognosis, even if resuscitation yields a return
of spontaneous circulation and the patient subse-
quently undergoes HBOT. Neil and Jennette
found that cardiac arrest complicating CO
poisoning resulted in 100% mortality, despite
initial resuscitation in the field with a return of
spontaneous circulation and subsequent HBOT
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[15].

Case number 4 (Table 1) was poisoned by
CO in a house fire. He might have had conco-
mitant poisoning with other toxins, particularly
cyanide. In an Australian study, many of the
victims died with elevated whole blood cyanide
levels, which are significantly correlated with
HbCO levels. Further research is required to de-
termine the frequency of toxic cyanide levels in
smoke inhalation patients who are transported
to the hospital [22]. This was documented in
a report of patients undergoing cardiac arrest
sustaining CO poisoning from smoke inhalation
[23].

In our review of the 5 mortality cases, all
patients were healthy and in the prime of life.
When they arrived at our ER, an unstable hemo-
dynamic status, deep coma, and acidosis (mixed
respiratory and metabolic acidosis) were noted.
The brain is the most oxygen-dependent organ
and the most sensitive to the toxic effects of CO
[3]. Four (4/5, 80%) of the 5 mortalities were
persistently comatose; we believe that the dam-
age to the brain was severe and irreversible.
Rhabdomyolysis, hyperkalemia, and acute renal
failure may occur due to muscle compression,
but the course of death is mostly due to multiple
organ failure (brain, respiratory, and renal fai-
lure).

On the basis of this experience and a review
of the available literature, long-term exposure,
severe CO poisoning, and multiple organ failure
may considered as poor prognostic factors for
survival. There are currently no standard recom-
mendations regarding the factors leading to a
poor prognosis or the use of HBOT in these
patients. Further research is needed to define
these factors and help in the decision to institute
active cardiopulmonary resuscitation or treat-
ment.
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