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Abstract

Carbon monoxide (CO) is a small molecule poison released as a product of incomplete
combustion. CO binds hemoglobin, reducing oxygen delivery. This effect is exacerbated in the
burned pregnant patient by fetal hemoglobin that binds carbon monoxide 2.5-3 fold stronger than
maternal hemoglobin. With no signature clinical symptom, diagnosis depends on patient injury
history, elevated carboxyhemoglobin levels, and alterations in mental status. The standard of care
for treatment of CO intoxication is 100% normobaric oxygen, which decreases the half-life of CO
in the bloodstream from 5 hours to 1 hour. Hyperbaric oxygen (HBO>) is a useful adjunct to
rapidly reduce the half-life of CO to 20 minutes and the incidence of delayed neurologic sequelae.
Due to the slow disassociation of CO from hemoglobin in the fetus, there is a far stronger
indication for HBO> in the burned pregnant patient than in other burn patient populations.

Cyanide intoxication is often a comorbid disease with CO in inhalation injury from an enclosed
fire, but may be the predominant toxin. It acts synergistically with CO to effectively lower the
lethal doses of both cyanide and CO. Diagnosis is best made in the presence of high lactate levels,
carboxyhemoglobin concentrations greater than 10%, injury history of smoke inhalation from an
enclosed fire, and alterations in consciousness. While treatment with hydroxocobalamin is the
standard of care and has the effect of reducing concomitant CO toxicity, data indicate cyanide may
also be displaced by HBO,.

CO and cyanide poisoning presents potential complications impacting care. This review will
address the mechanism of action, presentation, diagnosis, and treatment of CO and cyanide
poisonings in the burned pregnant patient, and the use of HBO> therapy.
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INTRODUCTION

Carbon monoxide (CO) intoxication is a leading cause of poisoning worldwide and the third
most common cause of accidental death in the United States, resulting principally from the
inhalation of exhaust fumes.1~# In the context of burn patients, CO is liberated when any
carbon-based material is incompletely oxidized or burned.® The severity of the inhalation
injury is not directly proportional to the size of the cutaneous burn®, and CO intoxication
may go undiagnosed in a third of all burn patients with inhalation injury.” Among the
pregnant population, accidental exposure in the domestic setting is the primary cause of CO
poisoning.8 A non-irritating, tasteless, and odorless gas, CO is difficult to detect. The exact
incidence of CO intoxication of pregnant women is unknown but is estimated at 4.6-8.5% of
all patients diagnosed with CO poisoning.”°

In the burned pregnant patient population, maternal mortality and maternal survivors with
fetal mortality are more common in those with concurrent smoke inhalation injury.10
Maternal and fetal death strongly correlates with hypoxia resulting from inhalation injury.1!
Maternal mortality rates between 19-24% and fetal mortality rates between 36-67% are
associated with CO intoxication during pregnancy.12 In the burned pregnant patient,
inhalation of toxic gases further increases the high morbidity and mortality of both mother
and fetus, providing an indication for hyperbaric oxygen therapy.

Given the nonspecific symptoms of presentation, medical practitioners must maintain a high
index of suspicion when pregnant patients present with thermal injuries, especially those
derived from fires in enclosed spaces. In this review, we cover the mechanism of injury,
presentation, diagnosis, and treatment modalities available to the burn team when presented
with potential CO poisoning in the burned pregnant patient. Further, we will discuss another
principle small molecule, poisonous gas product of combustion, cyanide, its association with
CO and its ramifications for the burned pregnant patient with inhalation injury.

MECHANISM OF INJURY TO MOTHER AND FETUS

Inhalation injury is the second strongest predictor of mortality of both mother and fetus
following burn injury.19 In smoke generated from explosions and fires, the concentration of
CO can reach 60%, magnitudes greater than atmospheric CO concentration of less than
0.001%.13 CO is readily absorbed by the lungs whereupon it diffuses across the alveolar
membranes into the blood, binding primarily to hemoglobin.2 Systemic toxicity results from
the binding of CO to hemoglobin with an affinity 200 to 250-fold greater than oxygen,
displacing the oxygen.1415 This displacement results in tissue hypoxia by decreasing the
oxygen-carrying capacity and shifting the oxygen dissociation curve to the left, thereby
preventing the other three heme-oxygen binding sites from releasing oxygen from the blood
to the tissues.16:17
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CO intoxication also prevents oxygen from binding to cytochrome ¢ oxidase and myoglobin,
damaging cellular respiration and resulting in the impairment of mitochondrial function of
all cells, most especially of the heart and central nervous system.18-20 CO has an affinity for
myoglobin between 20 to 25 times that of oxygen.21:22 This binding induces arrhythmias
and hypotension.® The binding of CO to cytochromes a3 and P450 as well as myoglobin
creates an intracellular reservoir, prolonging the half-life of CO after the initiation of
treatment.23 Binding the cytochromes does not just interfere with cellular oxidative
metabolism, but it also generates free radicals, which can create distant organ injury.524

Further, CO poisoning can result in delayed neurologic sequelae, such as Parkinson-like
syndrome and dementia.16:25-28 Due to nonspecific symptoms and the absence of diagnostic
consensus, it is estimated that delayed neurologic sequelae (e.g., coma, depression,
psychosis) present in 3-40% of patients with CO poisoning within 2 to 240 days of injury26
and resolve in 75% of these patients.2’ These outcomes can result irrespective of COHb
concentration at admission, potentially as a result of excess dopamine stimulated by CO.2°

The binding affinity of CO to fetal hemoglobin is even stronger than CO binding to maternal
hemoglobin.2° CO crosses the placental barrier via passive diffusion.30 Additionally, the
partial pressure of fetal arterial oxygen is approximately 20 mm Hg, much lower than the
partial pressure of maternal arterial oxygen of 100 mm Hg.3! Thus, the fetus is more
sensitive to shifts in the oxygen dissociation curve than the mother, and more vulnerable to
CO poisoning.32 CO has a binding affinity 2.5-3 times greater for fetal hemoglobin than for
maternal hemoglobin, resulting in fetal carboxyhemoglobin (COHb) concentrations 10-15%
greater than maternal COHb levels, and a half-life approximately four times greater in the
fetus than the mother.33-35 60% fetal COHb is the approximate lethal level of CO in the
fetus.36

While fetal hemoglobin has a greater affinity for CO than maternal hemoglobin, fetal uptake
of CO lags significantly behind the mother.32:35 The greater affinity of fetal hemoglobin to
CO dictates that fetal COHb concentrations will continue to rise once maternal COHb
concentrations reach a plateau.32 Fetal COHb levels rise after the CO intoxication of the
mother, who can suffer anoxic injury or death before fetal COHb levels increase.3” Animal
studies have shown that fetal concentrations of COHb to be approximately 58% higher than
maternal COHb levels hours following acute CO exposure.3® These data have never been
demonstrated in human fetuses given the ethical and technical difficulties of collecting
human fetal blood following CO exposure.

The impact of fetal tissue hypoxia depends on the severity of poisoning as well as fetal
gestational age.23:38 While alterations in psychomotor and mental development may result
from insult at any gestational age, skeletal and anatomical malformations are more common
if the fetus is exposed to CO during the first trimester. The later gestational ages are more
susceptible to neurologic complications such as anoxic encephalopathy.” 8:38:39
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PRESENTATION

CO intoxication does not have a signature symptom by which it is easily identified.2440 The
clinical features depend on the concentration and chronicity of the exposure to CO gas.#!
Diagnosis of fetal CO poisoning is dependent on diagnosis of maternal CO poisoning.
Maternal symptoms correlate to maternal concentration of CO bound to hemoglobin, COHb.
38 Of relevance to burned pregnant patients are acute levels of CO poisoning (30-50%
COHDb), life-threatening levels of CO poisoning (50-66% COHDb), and lethal CO poisoning
(>66% COHb).3842 These levels present with symptoms ranging from vomiting to
psychiatric disorders to death. (Table 1) Headaches, vertigo, chest pain, malaise, shortness of
breath, and nausea are common clinical signs of CO exposure.#344 Altered mental status and
decreased level of consciousness are also signs of CO poisoning. Cherry red lips, considered
a classical manifestation of CO poisoning, are rarely seen; as such, the absence of this sign
should not be reassuring.> CO intoxication should be suspected of a lethargic or obtunded
burn patient, or of any patient who has survived an enclosed fire.46

The risk from CO to the fetus is significant once the mother exhibits symptoms of altered
consciousness.38 The toxic effects on the fetus from CO are determined by concentration
and duration of exposure, in addition to the gestational age of the fetus.*’ Fetal tachycardia,
decreased fetal heart rate variability, and late decelerations on continuous external fetal
monitoring are all signs of fetal distress that may manifest in the setting of CO poisoning.23
The effects of CO poisoning may not present in the fetus for 36-48 hours following injury.*8
Consultation with a high-risk obstetrician over the course of care is necessary to monitor the
status of the fetus. (Table 2)

DIAGNOSIS

Elevated levels of COHDb as well as patient history and signs of exposure to CO from smoke
inhalation are generally used to diagnose CO poisoning.#9 CO intoxication should be
suspected when a burn patient presents with indicators of inhalation injury and an injury
history of an entrapped fire. Signs and symptoms of inhalation injury include singed nasal
hair; soot around the face, nose, and mouth; carbonaceous sputum; coughing; and shortness
of breath. Environmental indicators of CO intoxication include exposure to the incomplete
combustion of organic materials, especially in an enclosed space such as a structural fire.

In a non-smoking pregnant woman, the typical concentration of COHb ranges from 0.4% to
3%.3441.50 Routine tobacco use can cause baseline chronic CO levels of 0.4%-15%.541
When COHb is greater than 4% in a non-smoking pregnant patient or 10% in a smoking
pregnant patient, the diagnosis of CO poisoning should be made.2:52041.51 COHb levels,
however, do not directly correspond to the degree of CO intoxication or potential outcomes.
52 To complicate assessment, burn patients with suspected inhalation injuries are typically
intubated by and receive oxygen therapy from emergency medical personnel prior to arriving
at the hospital emergency department or burn center.18 This circumstance, as well as the
time elapsed from delays in transfer, can lower the apparent concentration of COHb as
measured at the time of admission to the burn unit. A low COHb concentration should not
be used to eliminate CO poisoning as a potential diagnosis, making injury history and
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physical examination crucial in establishing a diagnosis and course of care. This
consideration is particularly true for the burned pregnant patient where low levels of
maternal COHb may belie high fetal COHb concentrations, necessitating treatment of the
mother to treat the fetus.

To determine maternal COHb concentrations, medical practitioners rely on blood gas
analyses.®! Either venous or arterial COHb levels can be measured as results from venous
and arterial blood gas analyses are generally within 29.53 Additionally, pulse CO-oximetry
(Rad-57®, Massimo Corp, Irvine, CA) reads eight wavelengths of light, enabling it to
discern between COHb and levels of oxygen bound to hemoglobin,®* a performance beyond
the capacity of conventional pulse oximetry.>® Further, pulse CO-oximetry can be taken by
fingertip measurement in the hospital or at the scene of injury, hastening diagnosis of CO
poisoning.®8:57 This non-invasive diagnostic adjunct has limitations. Pulse CO-oximetry is
unable to accurately determine COHD levels at low oxygen saturation, an effect enhanced by
dark skin pigmentation and gender.58-61 Thus, it may be unable to eliminate CO intoxication
as a diagnosis and should be used in conjunction with patient injury history and evaluation
obtained at admission and confirmed with laboratory testing.52

Currently, no method or diagnostic tool exists to determine the concentration of COHb of a
fetus in utero. Diagnosis of fetal CO poisoning is dependent on diagnosis of maternal CO
poisoning. No association has been made between maternal COHb levels and fetal
outcomes; the fetus may suffer effects of CO poisoning even if maternal COHb
concentrations are not at toxic levels.83 Due to the delayed clearance by the fetus of CO,
fetal COHb levels may require 40 hours to normalize once maternal COHb levels normalize.
5 Thus, typical diagnostic criteria to ascertain fetal health should be used. Moderate fetal
heart rate variability is typically a sign of fetal well-being. The absence of or depressed
variability (i.e., no fetal heart rate accelerations or decelerations) in conjunction with a
higher baseline heart rate is an indication of fetal distress.54 Additionally, tachycardia or late
decelerations are indicative of fetal distress in the setting of CO poisoning.23 Given that
maternal vitals may not accurately reflect the condition of the fetus,2” consultation with a
high-risk obstetrician and possibly a neonatologist is necessary to best monitor the health of
the fetus. In utero magnetic resonance imagining and ultrasounds are adjuncts that can
permit the potential diagnosis of anoxic encephalopathy in the fetus, but only after delivery
can determinations of neonatal outcomes following CO intoxication be made.38

TREATMENT

Despite the increased mortality risks at smaller burn sizes, the treatment of a burned
pregnant patient does not differ greatly from that of a burned non-pregnant patient.10.65
Except in rare circumstances, the optimal method to treat the fetus is to treat the mother,
even in the setting of inhalation injury and CO intoxication. Reducing maternal COHb
concentration is the only mechanism to reduce COHb levels in the fetus.

The foundation of treating CO poisoning is the administration of oxygen.®! The classic
treatment consists of 100% normobaric oxygen (NBO,) administered via a tightly fitting,
non-rebreather mask for a minimum of 6 hours.18:54.66 When breathing normal ambient air,

Ann Plast Surg. Author manuscript; available in PMC 2019 March 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Culnan et al.

Page 6

the half-life of maternal COHb is 4-6 hours. In contrast, the half-life of maternal COHb is
reduced to 40—75 minutes when 100% NBO, is administered.16:18:54.67 The rate at which
CO disassociates from hemoglobin increases due to the elevated partial pressure of oxygen,
thereby raising the oxygen concentration of the blood and end-organs.#451.67 Given the
extended duration required for fetal clearance of COHb, 100% NBO, may need to be
administered at a rate of 15 L/min for 16 hours or more.? If maternal COHb concentration is
in excess of 20% or the burned pregnant patient has at any time lost consciousness, pure
oxygen in the setting of a burned pregnant patient may be inadequate for fetal survival, and
hyperbaric oxygen therapy can be considered,38:68

Hyperbaric oxygen (HBO,) therapy requires a specialized hyperbaric chamber to administer
100% oxygen to patients at pressures greater than 1 atmosphere, resulting in increasing
blood and tissue oxygen levels, reduction of tissue and intravascular bubbles, and hastening
the displacement of toxic gases.*%:69 In this environment, the half-life of maternal COHb is
20-40 minutes. HBO5, therapy has been used since 1965 to treat CO poisoning when reports
claimed a significant decrease in burn wound extension or demarcation following utilization
of HBO, therapy.’©

A recent survey of 68 centers in 23 European countries found a wide variance in HBO,
therapy protocols and indications.”? Given that fetal hemoglobin has a greater affinity for
CO than maternal hemoglobin and the longer disassociation time of fetal COHb, burned
pregnant patients might warrant receiving longer sessions or more sessions of HBO, therapy
than non-pregnant patients.38:68 To allow for the prolonged time for the fetus to eliminate
CO, the duration of HBO, therapy administered to the mother may be up to five times longer
than necessary to reduce the maternal COHb concentrations to near normal.33 In addition to
signs of fetal distress, maternal COHDb levels greater than 20%, loss of consciousness,
evidence of maternal end-organ ischemia, or neurological complications in the mother may
lead practitioners to consider HBO, therapy.58:69 Continued HBO, therapy may be indicated
if the fetus shows signs of distress or the mother has further neurological complications 6-12
hours following the first HBO, administration.248.68 HBO, therapy can be administered

days after injury and have demonstrated therapeutic effect in patients with CO intoxication.
72

For the burned pregnant patient with CO poisoning, case reports describe a range of
protocols due to the lack of protocol standardization among HBO> providers worldwide.
One report outlined a protocol requiring two sessions, one at 2.5 atmospheres for 30 minutes
followed by a 60 minute treatment at 2 atmospheres.®8 A recent review recommends an
initial HBO>, treatment at pressure less than 2.7 atmospheres for 30-90 minutes followed by
HBO, treatment of 90 minutes at pressure less than 2.2 atmospheres.? Greater study is
required before one treatment algorithm can be established.

Pregnancy induces numerous physiologic changes including a decrease in vital lung capacity
and increases in oxygen consumption, minute ventilation, and mucosal edema.”374 These
alterations compound the inhalation injury. Additionally, the elevated temperature of the
inhaled smoke can cause necrosis in regions of the trachea.® Typically, patients suspected to
have suffered inhalation injury are intubated and receive oxygen therapy by emergency
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medical personnel.18 Burned pregnant patients with suspected inhalation injury can be
considered for intubation to optimally manage the mother and the fetus.

During the period of acute poisoning, immediate emergency cesarean section prior to the
administration of 100% oxygen therapy is not recommended unless no other recourse, such
as HBO», exists to attempt to salvage the life of mother or child.38 As with other clinical
scenarios involving critical care in pregnancy, priority should be given to stabilization of
maternal condition, as fetal condition will often follow maternal condition. During this time,
emergency cesarean section correlates with a high risk of perinatal death.38

Possible adjuncts

Should a pregnant patient be severely burned and have suffered significant CO, use of NBO,
may be insufficient for fetal survival, and delay in accessing the hyperbaric chamber may
result in spontaneous abortion or fetal demise. In such situations where HBO is unavailable
or when its application is impractical due to other critical care priorities, other treatments are
necessary. Studies have demonstrated that therapeutic red cell exchange can be effective in
the management of a patient with severe CO poisoning.’®7® There are no documented cases
of red cell exchange in the CO-intoxiced pregnant patient, but with the limited side effect
profile, relative ease of administration while addressing other critical care treatments, and
rapid ability to replace COHb with normal hemoglobin, it may warrant further study in
treating the burned pregnant patient with CO poisoning. Extarcorporeal membrane
oxygenation (ECMO) has been used as a therapeutic adjunct in pregnant patients with severe
respiratory distress as well as patients with severe CO poisoning.”’-8% While not yet
reported in the burned pregnant population, ECMO is a potential treatment to manage CO
intoxication.>*

HBO, VERSUS NBO,

The utility of HBO, therapy is debated. While several animal studies using HBO, therapy
protocols at pressures greater than 3 atmospheres have indicated HBO, treatment poses
significant risks to the fetus (e.g., prematurity, skeletal malformations, spontaneous
abortions)®1, case studies have documented no such sequelae in human clinical practice,
particularly at the more standard 2—2.5 atmospheres.1282 Analyses from Europe have shown
a reduction in spontaneous abortions, fetal complications, and motor and cognitive
impairments of the child when HBO, therapy is administered to the mother following acute
CO exposure as compared to patients treated with conventional NBO, therapy.’! A recent
single-center 25-year-retrospective study showed no statistical difference between 412
children whose mothers had received HBO, treatment for CO poisoning in follow-ups of up
to six years after the therapy in psychomotor development, height, or weight when matched
with a control group not exposed to HBO5 therapy, nor were there reported malformations
among the children exposed at various gestational ages between the first and third trimesters
to HBO,.83

HBO, therapy has been shown to mitigate the inflammatory processes incited by CO
intoxication.*4 Animal studies have demonstrated that HBO, therapy is more effective than
NBO>, in abrogating CO-induced brain and neurological injury, potentially by inhibiting
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brain lipid peroxidation and preserving ATP tissue levels.84-87 Studies of non-pregnant
populations with CO poisoning showed a reduced incidence of delayed or long-term
neurological sequelae (e.g., memory or attention problems) developing in the patients treated
with HBO, than among patients treated with NBO,.88.89

However, HBO, therapy is significantly more expensive than NBO, and is only available at
a few specialized centers and hospitals. The logistics of HBO, therapy can delay
management of other factors critical for maternal survival (e.g., resuscitation or
escharotomy), and patients risk hyperoxic seizures and barotrauma from HBO,, therapy.
51,90-92 One Cochrane Review found no evidence to support the use of HBO, therapy over
NBO; to treat CO poisoning.4® An earlier Cochrane Review found insufficient evidence to
support the utilization of HBO, therapy in the management of burn injuries.®3 However,
both reviews found sufficient evidence to warrant further study.

In most non-pregnant burn patients, CO poisoning is managed by placing patients on 100%
NBO,. NBO, therapy is done because at least one hour will have elapsed while the non-
pregnant burn patient is assessed and stabilized prior to accessing a hyperbaric chamber,
potentially lowering the patient out of the lethal CO range and obviating the need for HBO».
However, the increased affinity of fetal hemoglobin for CO conspires with the slower fetal
elimination rate to cause a greatly enhanced fetal toxigenesis. As such, 100% NBO, therapy
can be inadequate to timely treat the fetus following acute CO exposure. As the best method
to treat the fetus is to treat the mother, in the setting of the burned pregnant patient with
significant CO poisoning, HBO, therapy may be indicated once the mother is stabilized to

optimally eliminate CO potentially fatal to both mother and child.
2,16,17,24,28,38,41,44,49,51,54,56,66,68,71,83,89,93

Historically, CO was believed to be the agent principally responsible for morbidities and
mortality associated with the inhalation toxic gases in smoke. Recently, the role of cyanide
in the morbidity of inhalation injury has been explored. Cyanide is potentially the agent
more responsible for complications and increased risk of death associated with inhalation
injury.%4 Research regarding the incidence of cyanide toxicity versus CO poisoning is
hampered by the short (1-hour) plasma half-life of cyanide whilst remaining a persistently-
bound intrinsic toxin.% Difficulties in obtaining blood samples of inhalation injury victims
at the scene of injury and of measuring both COHb and cyanide levels accurately in patients
have stymied researchers. Regardless, their toxigenesis are synergistic, and they accrue from
similar combustion sources, so it is likely cyanide will be present if CO is present in
structural fires..

A consensus exists in the literature that, in enclosed fires, CO is likely to be inhaled with
cyanide,®1:96.97 and that when a patient is poisoned by both CO and cyanide, the toxic gas
molecules act synergistically to lower the lethal dose of each gas.5! As animal studies have
demonstrated, the combination of both cyanide and CO is more lethal to both mother and
fetus at lower concentrations of CO and cyanide than either CO or cyanide poisoning alone.
This effect is exacerbated in events such as domestic house fires.%8 Thus, if CO poisoning is
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suspected derived from smoke inhalation of an entrapped fire, the medical practitioner
should test for and prophylactically treat for cyanide intoxication.

Mechanism of Action

Acute cyanide intoxication results from the disruption of aerobic respiration by inactivating
mitochondrial cytochrome ¢ oxidase by binding with iron in cytochrome as, leading to
potentially severe lactic acidosis, lethal hypoxia, and cytotoxic anoxia.%:9° CO
preferentially binds Fe2* found in hemoglobin whereas cyanide preferentially binds Fe3*
found in cytochrome c oxidase.190 Like CO, cyanide crosses the placental barrier, though to
a lesser degree. Data from animal studies suggest that cyanide does not freely dissociate
from maternal to fetal hemoglobin to the same extent as CO, and fetal levels of cyanide were
found to be lower than maternal levels of cyanide.101 The potentially higher levels of fetal
COHb than maternal COHb concentrations may compound the toxic effect of cyanide in the
fetus.34

Presentation

CO poisoning with concomitant cyanide intoxication will present with an advanced degree
of alteration of consciousness and possibly changes in vital functions.®® Similar to CO
poisoning, patients with cyanide intoxication present with headaches, tachycardia, nausea,
and weakness as well as cardiac arrest, coma, convulsions, and death at higher
concentrations.192 The sustained blockade of cellular respiration from cyanide intoxication
leads to severe lactic acidosis and metabolic acidosis.?6:97 Cyanide is known to be
significantly hepatotoxic and neurotoxic.101 Cherry-red skin and urine may be used as a
clinical sign of cyanide poisoning.193.104 Animal studies have demonstrated fetal
malformations and spontaneous abortions are associated with maternal cyanide exposure.?

Diagnosis
Cyanide poisoning can occur within seconds of exposure, and CO intoxication can mask the
symptoms of cyanide poisoning, requiring the burn surgeon to maintain a high index of
suspicion in burned pregnant patients presenting with confirmed or suspected inhalation
injury.%8 Diagnosis of fetal cyanide poisoning rests on diagnosis of cyanide intoxication in
the mother. Maternal serum lactate levels higher than 8 mmol/L, maternal pH less than 7.20,
and maternal COHb concentrations greater than 10% strongly correlate with cyanide
poisoning.102.105 Additionally, a Glasgow Coma Scale below 14 and abnormal
hemodynamics are also sensitive indicators of cyanide toxicity.198 Should an obstetrical
patient’s blood be taken by emergency responders, a diagnosis of cyanide poisoning can be
made if maternal cyanide levels return at greater than 1 mg/L.197 Due to long time needed to
run that test and short plasma half-life of cyanide, treatment should be initiated prior to the
return of results in burned pregnant patients presenting with clinical symptoms of cyanide
poisoning.

Treatment

Given the short half-life of cyanide in the bloodstream and rapid toxicology, oxygen therapy
may be ineffective in the management of cyanide intoxication. Thus, if cyanide poisoning is
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suspected in a burned pregnant patient, hydroxocobalamin (Cyanokit®, Merck Santé s.a.s.,
Semoy, France) should be administered to eliminate cyanide from mother and child prior to
return of lab work, which may take hours to days to be analyzed and reported.6105.108,109,
Hydoxocobalamin binds cyanide, forming cyanocobalamin, otherwise known as vitamin
B12, which is then excreted in the urine. Recent studies highlight concerns regarding a
correlation of kidney injury and the administration of hydoxocobalamin.110 Measurements
of COHDb are known to return falsely low after administration of hydroxocobalamin,
obviating the utility of that diagnostic adjunct in concomitant CO poisoning.111 The United
States Food and Drug Administration approved the use of hydroxocobalamin in October
2010 in pregnant patients. It is classified as a pregnancy category C drug and should only be
used when cyanide poisoning is suspected and the benefits to mother and fetus outweigh the
risks of kidney injury and other complications.56

Another pregnancy category C drug, sodium thiosulfate has not been demonstrated in sheep
studies to cross the placenta.}12 This drug may create a cyanide gradient toward the mother,
conveying some protection against cyanide poisoning to the fetus.112 However, a Task Force
of the European Centre for Ecotoxicology and Toxicology of Chemicals concluded sodium
thiosulfate to be inferior to hydroxocobalamin to treat cyanide poisoning derived from
smoke inhalation.113 Given the potential renal toxicity of hydroxocobalamin, further studies
should analyze which therapy provides effective and safe treatment of cyanide poisoning in a
burned obstetrical patient.

Other adjuncts to treat cyanide poisoning carry proven risks and significant toxicities to the
fetus, including fetal death and methemoglobinemia.114:115 Some of these, such as sodium
nitrite, are also classified as pregnancy category C dugs,11® but the potential complications
should be strongly considered in determining if these treatments are appropriate in a
pregnant patient, particularly with safer adjuncts currently available.

A recent rat study demonstrated that HBO, therapy displaced cyanide from cellular tissues
into the blood, indicating therapeutic potentiality of HBO, therapy for cyanide toxicity.116
Due to the synergistic toxicity of cyanide and CO, treating cyanide intoxication can be an
indirect therapy of CO poisoning and can shorten the duration of NBO, or HBO,
administration. Concomitant cyanide poisoning can be an indication for the administration
of HBO, therapy for CO intoxication.*4

CONCLUSION

Carbon monoxide and cyanide are poisonous, small-molecule gases elaborated as products
of combustion, particularly from enclosed fires. While most non-pregnant burn patients with
CO poisoning are managed with the administration of NBO, to reduce the half-life of CO
from 4-6 hours to one hour, CO-intoxicated burned pregnant patients who present with
altered mental status or consciousness as well as a COHb level greater than 20% can be
considered candidates for HBO» therapy to better treat the fetus and mitigate delayed
neurological sequelae in mother and child. If cyanide poisoning should be suspected,
hydoxocobalamin should be administered immediately, and kidney function values tracked
to monitor for kidney injury. Consultation and monitoring with a high-risk obstetrician is
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necessary to best monitor the fetus in the setting of CO or cyanide poisoning. Given the
nonspecific symptoms of presentation, burn surgeons must maintain a high index of
suspicion of CO and cyanide poisonings when pregnant patients present with thermal
injuries, especially those derived from fires in enclosed spaces.

Despite great advances in the management of burned patients that have significantly
improved survival rates in other patient populations, maternal and fetal survival rates remain
nearly unchanged from the 1960s.117.118 While other patient populations routinely survive a
98% TBSA burn,119 a 40% burn of a pregnant patient correlates to an obstetrical mortality
rate of 50%.10.65 Advancements in treating inhalation injury have lagged behind other
aspects of burn care. When a burned pregnant patient has an inhalation injury, high mortality
rates can be expected if the injury is not assessed and treated in a reasonable timeframe.
Additional research into the care of both mother and fetus after burn injury and in the
presence of CO and cyanide intoxications is requisite to develop better treatment algorithms.
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Table 1

Symptoms of maternal carbon monoxide intoxication

CO Poisoning

Symptoms

Acute

Respiratory distress, visual & physical impairment, exertional dyspnea, angina, confusion, changes in consciousness,
convulsions, disorientation, hypotension, arrhythmia, tachycardia, tachypnea, dysrhythmias and other electrocardiogram
changes (e.g., ST segment depressions), acute myocardial infarction, fever, vomiting, severe headache, increased heart rate,
increased respiratory rate, dizziness, fatigue, problematic decision-making, vertigo

Life-threatening

Changes in consciousness, fainting, comas, delusions, amnesia and other psychiatric difficulties, disorientation, apathy,
apraxia, incontinence, intestinal problems, muscular hypertonia, seizures, syncope, severe acidosis, delayed neurologic
sequelae (e.g., Parkinson-like syndrome and dementia)

Lethal

Death
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Table 2

Fetal outcomes due to acute carbon monoxide poisoning

Outcome Gestational Age Notes
Anatomical malformations (skeletal & limb abnormalities), low birth 15t trimester
weight,

brain dysgenesis

Brain malformations (anoxic encephalopathy), down syndrome, cerebral ~ 2nd and 3" trimester ~ Neurological changes can be incited during
palsy, mental & psychomotor development functional changes, fetal the first trimester if cyanide exposure is

significant
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