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Acute carbon monoxide (CO) poisoning during pregnancy is an uncommon event, but failing to recognise maternal CO intoxication can
have a dramatic eVect on the fetus. To limit the
toxic eVects of CO, the use of hyperbaric oxygen is usually recommended. We report the
case of one patient admitted for acute CO poisoning during pregnancy.
Case report
A 31 year old (gravida 4, para 3) at 21 weeks
gestational age was exposed to CO. CO was
produced by a defective water heater. She did
not lose consciousness and her vital signs were:
regular pulse rate of 90 beats per minute, blood
pressure of 100/80 mm Hg and respirations of
201/mn. Physical examination was unremarkable. She complained of dizziness and palpitation. She was promptly removed from the
source of CO. The patient received 9 l/mn supplemental oxygen by face mask.
A level of 24.6% carboxyhaemoglobin was
measured in the expired air. High flow oxygen
therapy was started immediately. The patient
was then treated with 100% O2 at 2.5
atmospheres absolute for 90 minutes. Treatment with hyperbaric oxygen was started in the
30 minutes after the end of exposure. Sonography confirmed the presence of fetal heart tone
of 140/mn.
She was discharged in good health one day
after exposure. The patient delivered at term a
healthy male infant weighing 3800 g.
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Discussion
CO intoxication is the most frequently reported poisoning in Western developed countries. In England and Wales acute CO poisoning was responsible for 877 deaths in 1996.1 In
France and in the USA, CO is the leading
cause of death by poisoning.2 3 Many situations
result in the production of CO. Signs are variable and non-specific and may easily be
confused with those of other disorders. This
explains the diYculty of a diagnosis of acute
CO intoxication. Hardy estimates that nearly
one third of all cases may go undiagnosed.4
Breslau and Freund were responsible for the
first published report of acute CO intoxication
in pregnant women. Breslau reported the
intoxication of two pregnant women admitted
to a Zurich hospital after a gas explosion.5 One
woman had an apparently normal child at
delivery, but the other suVered a stillbirth: the
death occurring one day after exposure.
Freund reported a death in utero during the
seventh month of gestation.6 The frequency of
acute CO poisoning during pregnancy is diYcult to estimate. In France, Elkharrat et al
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found that 4.6% of hospitalised victims of CO
poisoning were pregnant women.7 In 1994, in
the Nord Pas de Calais region, where intoxication is frequent, it was observed that 5.4% of
the victims were pregnant women.8 In USA,
the frequency was as high as 8.5%.9
Inhalation of CO ends in tissue hypoxia by
inhibiting transport, delivery and utilisation of
oxygen. It interferes with cellular metabolism
not only by binding to haemoglobin and
myoglobin but also by the inhibition of
cytochrome a3 and cytochrome P-450. Recent
studies suggest other mechanisms of CO mediated toxicity. Hypoxia may be followed by
reoxygenation and reperfusion injury.10 CO
exposure has been shown to cause lipid peroxidation,11 and the production of free oxygen
radicals.12 CO toxicity is not only mediated by
hypoxia but also by reperfusion injury.
CO passes through the placenta either by
passive diVusion,13 or by the facilitated mechanism of a carrier.14 Placental CO diVusion
capacity increases with gestational age and in
proportion to fetal weight.15 This is attributable
to the rate of placental blood flow and maternal
haemoglobin concentration.16 The increased
area of placental exchange and the decreased
distance between maternal and fetal blood are
probably partially responsible for this change.
Slow dissociation of CO from maternal
haemoglobin accounts for the delay in the
release of CO and for the accumulation of CO
in the fetus.17 Acute CO toxicity in pregnancy
causes fetal tissue hypoxia through two mechanisms: decreased levels of release of maternal
oxygen and the transplacental passage of CO.
As maternal carboxyhaemoglobin rises and the
blood oxygen content decreases, oxygen release by haemoglobin is diminished, and
oxygen transport across the placenta decreases
dramatically.16 The fetal umbilical vein oxygen
decreases and tissue hypoxia occurs.18 The
fetus is unable to increase cardiac output to
compensate this decrease in oxygen.19 The CO
has not yet crossed the placenta yet the fetus
already suVers from hypoxia. Maternal carboxyhaemoglobin dissociation creates a pressure gradient between maternal and fetal
blood. CO crosses the placenta and combines
with fetal haemoglobin. Fetal carboxyhaemoglobin levels are approximately 10%–15%
higher than maternal levels.19 Elimination is
slower in the fetus.18 20 Maximal concentrations
of CO in fetal blood are found after about four
hours.19
Hyperbaric oxygen not only accelerates the
dissociation of CO from haemoglobin and
from the mitochondrial respiratory chain but
also increases the level of dissolved oxygen in
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Grade

Symptoms

Grade 1

oriented for time, place and person
headache, dizziness, nausea
disorientation for time, place or person
confusion or abnormal behaviour
headache, nausea, dizziness
disorientation, loss of recent memory, muscle weakness or incoordination
if intubated: appropriate responses to simple commands
not intubated: inappropriate responses to simple commands
intubated: requiring sedation
comatose
responding only to pain
not responding to any stimulus

Grade 2
Grade 3
Grade 4
Grade 5

blood and thus prevents further injury. Its
action on free radical production has recently
been emphasised.
Oxygen shortens the half life of carboxyhaemoglobin, which is four to five hours at atmospheric oxygen levels. Hyperbaric oxygen reduces this half life to 20 minutes. Fetal
carboxyhaemoglobin half life in hyperbaric
conditions is unknown. Reduction of maternal
carboxyhaemoglobin probably greatly contributes to the prompt reduction in fetal levels.
Approximately 98.5% of oxygen binds to
haemoglobin and only 1.5% is dissolved in
normobaric, normoxic conditions. Plasma volume increases by about 50% during pregnancy, theoretically permitting the dissolved
oxygen levels to rise. At rest, the tissues extract
5 to 6 ml of oxygen per decilitre.21 With a 100%
administered oxygen at 3 ATA, dissolved
oxygen content is approximately 6 ml per decilitre of blood, which satisfies tissue needs22
without any contribution from haemoglobin
bound oxygen. Hyperbaric oxygen reduces the
production of free radicals,23 whereas normobaric oxygen is unable to reduce free radical
concentration.24
The level of fetal morbidity and mortality in
acute carbon monoxide poisoning is significant. The teratogenicity of CO is controversial.
Norman et al, from a review of the literature,
have concluded that anatomical malformations
are more frequent when intoxication occurs
during the first stage of gestation25: malformations were reported in 6 of 12 cases. Skeletal
abnormalities are frequent: malformations of
the limbs are common. When exposure happens in the later stages of pregnancy, anatomical malformations are rare: one case of 48.25
Courtens proposes the systematic screening for
acute exposure to CO in early pregnancy in
every reported case of malformation syndrome.26 The fetal brain seems to be more sensitive to CO during the late gestational stage.27
However, at any stage of pregnancy, functional
changes in psychomotor and mental development can appear. The abnormalities described
in the literature are similar to those observed
after other types of hypoxic injury to the
central nervous system in the prenatal period.
Since Breslau and Freund, several reported
cases of fetal death have been published.
Maternal death certainly leads to fetal death.
In cases of maternal coma, fetal death is probable. However, maternal wellbeing is misleadingly reassuring. Fetal death can still occur
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even in the presence of apparent maternal
wellbeing.14 15 19 28 The severity of damage
depends on the degree and duration of hypoxia
or asphyxia. Death or permanent neurological
damage can follow a single episode of hypoxia.
Fetal prognosis is diYcult to estimate. The
level of carboxyhaemoglobin has been proposed as a criterion but maternal symptoms
seem to be the best indicators of fetal prognosis. The carboxyhaemoglobin level is only valuable in the confirmation of exposure to CO and
has little correlation with the gravity of the outcome. Maternal carboxyhaemoglobin levels do
not accurately reflect fetal haemoglobin or tissue levels.17 Kopelman et al report the case of a
pregnant woman who had been exposed to
exhaust fumes with a carboxyhaemoglobin
level (after two hours) of 6.9%.29 Her symptoms were headache, dyspnoea and dizziness.
Six days later, at term, the infant presented
signs of multiorgan injury resulting from in
utero hypoxia. The fetus had been more
severely aVected than the mother. According to
Norman et al, the maternal symptoms predict
the wellbeing of the fetus.25 When the mother
suVers a period of unconsciousness or coma,
the fetal outcome is poor, but when the severity of maternal toxicity is graded as mild the
fetal outcome is generally good. On the other
hand, if the mother dies, fetal death inevitably
follows. Koren et al, using a classification by
grades (table 1), observe that grades 1–2 have a
good fetal outcome.30 Grades 4–5 have a
seriously adverse outcome and according to
this author termination of pregnancy should be
envisaged in these cases.
The treatment of acute CO poisoning during
pregnancy begins by removing the victim from
the environmental source of CO. Then 100%
normobaric oxygen should be administered
immediately and hyperbaric oxygen should be
considered. The safety of hyperbaric oxygen
administration for the fetus is still to be established. Some published studies suggest that
hyperbaric oxygen administration entails a risk
of abortion and fetal defects.31 32 In animal
studies hyperbaric oxygen administration may
be responsible for fetal reabsorption, abortion
and teratogenesis. Prolonged administration of
hyperbaric oxygen, as used in non-human
studies, is clearly teratogenic.33 However,
Elkharrat et al maintain there is no evidence of
fetal or obstetric morbidity if the following
protocol is observed: a two hour session of
hyperbaric oxygen administered at 2 ATA.7 In
Koren’s study, two cases of grade 4–5 intoxication resulted in a normal outcome after
treatment with hyperbaric oxygen. Sporadic
cases reveal no adverse eVects on the fetus after
hyperbaric oxygen administration.32 34 35
It is admitted that fetal malformation and
hypotrophy risks are, after hyperbaric oxygen,
as significant as that of the general population.7
It has been suggested that exposure to
hyperbaric oxygen during the first stage of
pregnancy can induce abortion or premature
labour.32 The only reported case of premature
labour related to hyperbaric oxygen administration was probably fortuitous according to
the authors.32
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Table 1 Clinical grading of central nervous system severity for acute carbon monoxide
poisoning victims30
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Conclusion
Acute CO poisoning during pregnancy is comparatively uncommon, yet can result in fetal
death and functional alterations or anatomical
malformations in survivors. The level of maternal CO haemoglobin is a poor indicator of fetal
toxicity. Despite maternal wellbeing, fetal morbidity or mortality can still occur. Hyperbaric
oxygen seems to be the treatment of choice and
all pregnant women suVering CO intoxication
should be referred for hyperbaric oxygen
therapy. It should be instituted as rapidly as
possible, yet its eYcacy is still theoretically
possible long after initial exposure. In human
protocol, the hyperoxic period is short and well
tolerated by the fetus.

