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Carbon monoxide (CO) poisoning during pregnancy is a rare occurrence,
associated with high maternal and fetal mortality rates. As CO can cross the
placenta, leading to intrauterine hypoxia, CO intoxication can result in
neurological sequelae and neurologic complications in fetuses who survive. We
report a case of a preterm newborn acutely exposed to CO in-utero and
delivered by emergent cesarean section at the 31st week of gestation due to the
severe burns suffered by the mother following an indoor boiler explosion. As
CO has serious adverse effects both on the mother and fetus, it is important to
recognize and treat poisoning in a timely manner. Despite maternal blood CO
levels, CO intoxication at critical stage of central nervous system development
can lead to hypoxic-ischemic lesions, thus interdisciplinary care and follow up
for these patients are mandatory.
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1. Introduction

Carbon monoxide (CO) is an odorless, tasteless, colorless, nonirritating gas formed by

hydrocarbon combustion. CO poisoning is estimated to occur in 50,000 people annually

in the United States with approximately 1,000–1,300 deaths from CO poisoning annually

(1). Acute perinatal CO poisoning is a rarely reported occurrence, which may however

represent a cause of neonatal hypoxic-ischemic encephalopathy. Cases of CO poisoning in

pregnancy are particularly relevant because the fetus may be more affected than the

mother by CO exposure, due to the higher affinity of fetal hemoglobin for CO. Indeed,

the affinity of hemoglobin for CO is 200 times its affinity for oxygen, and this affinity

increases for fetal hemoglobin. Thus, in a setting of CO poisoning, fetal

carboxyhemoglobin (COHb) level will be higher than that of the mother, and clearance of

CO will be up to 5 times slower (2). Oxygen is displaced from hemoglobin, leading to

tissue hypoxia by inhibiting transport, delivery and utilization of oxygen (3). Herein, we

present a case of a preterm newborn, delivered at 31 weeks of gestational age by emergent

cesarean section following acute CO intoxication by the mother. Given the in-utero
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exposure to CO, the patient suffered from moderate hypoxic-

ischemic encephalopathy. The literature on its pathophysiology,

diagnosis, and management is also reviewed.
2. Case description

A 26-year-old no smoker pregnant woman (gravida 1, para 0),

with no significant medical history, was admitted to the Emergency

Department (E.D.) at 31 weeks gestational age approximately 1 h

after being exposed to an indoor boiler explosion. Upon arrival

at the E.D., she had been ventilated in the previous hour with

100% oxygen and her carboxyhemoglobin (CO-Hb) was 5.3%.

Emergent cesarean section was performed due to findings of fetal

distress and 2nd degree burns in 80% of the mother’s body. The

woman’s vital parameters showed a blood pressure of 140/

110 mmHg, with a heart rate of 105 bpm and oxygen saturation

of 96%. At birth the newborn’s heart rate was below 60 bpm,

and he was hypotonic, with absence of crying and spontaneous

breathing, with a bright red discoloration of the skin. After

aspiration of the airways, mask ventilation was performed for

approximately 30 s with 100% oxygen in suspicion of acute

carbon monoxide intoxication. Given the persistent absence of

spontaneous breathing with heart rate below 100 bpm,

endotracheal intubation was carried out and cardiopulmonary

resuscitation was performed for the establishment of adequate

heart rate and respiration, obtained after the administration of

intravenous epinephrine. Apgar scores at 1 min, 5 min and

10 min were 3, 4 and 6, respectively. The infant’s arterial cord

gas result was the following: pH = 7.29, PCO2 = 47 mmHg,

pO2 = 25 mmHg, bicarbonate = 22.6 mmol/L Lactate = 2.6 mmol/

L, and carboxyhemoglobin = 4.0%. The newborn was transferred

to the Neonatal Intensive Care Unit (NICU) on mechanical

ventilation with 100% oxygen. In the next days serial blood gas

analyses showed a gradual and progressive reduction of CO-Hb

values (Table 1), until a complete normalization was reached in

the 8th day of life, when the baby was extubated, and non-

invasive respiratory support was continued for 10 days. His

laboratory data were unremarkable, and his hospital stay was
TABLE 1 Serial blood gas analyses data of the newborn during the hospital s

FiO2 pH pCO2 pO2 HC
27/10 h 18 45 7.40 38 41 23

27/10 h 21 35 7.24 55 20 23

28/10 h 6 35 7.39 32 35 19

28/10 h 12 30 7.33 36 31 1

28/10 h 23 26 7.36 37 45 20

29/10 h 8 24 7.35 37 45 20

30/10 h 8 24 7.38 35 54 20

31/10 h 8 24 7.32 32 48 16

01/11 h 8 24 7.25 42 42 18

02/11 h 8 21 7.26 44 49 19

03/11 h 8 21 7.29 42 54 20

06/11 h 8 21 7.33 49 51 25

09/11 h 8 21 7.40 48 43 29

15/11 (art) 21 7.44 44 75 29
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uneventful. Serial cranial ultrasound showed bilateral persistent

non-homogeneous periventricular hyperechogenicity. Brain

magnetic resonance imaging was performed and revealed a

supratentorial pattern of confluent punctate white matter

lesions in the deep and periventricular white matter associated

with infratentorial small foci of hemorrhagic injury in the

cerebellum (Figure 1). At 3 months of life on neurological

objectivity, the spontaneous movement pattern was characterized

by sporadic fidgety movements with monotonous repertoire; mild

four-limb hypertension was appreciated, with increased deep

tendon reflexes.
3. Discussion

Although CO poisoning in the adult population is well

described, little information exists in infants and pregnant

women. CO poisoning is indeed a common cause of morbidity

and mortality but is relatively rare during pregnancy. The

frequency of acute CO poisoning in pregnancy is difficult to

estimate, but is associated with a maternal mortality rate of

between 19% and 24% and a fetal mortality rate of between 36%

and 67%, with variability arising from the severity of maternal

poisoning and gestational age (4). CO spreads rapidly in the

blood through the lungs leading to hypoxemia through the

formation of carboxyhemoglobin. Indeed, given the higher

affinity of hemoglobin for CO than for oxygen, at the molecular

level there is competition between CO and oxygen for

hemoglobin (5).

Binding of CO by hemoglobin leads to a left shift of the

hemoglobin dissociation curve and alters the shape of the curve

toward a more hyperbolic form, decreasing the release of oxygen

to the tissues. In addition, CO binds to heme proteins such as

cytochrome c oxidase, impairing mitochondrial function and

thus contributing to hypoxia (6). CO also causes inflammation

by increasing levels of cytosolic heme and the protein heme

oxygenase-1, resulting in intracellular oxidative stress, causes

platelet-neutrophil aggregation and neutrophil degranulation,

with the production and release of reactive oxygen species (ROS)
tay in NICU.

O3
− BE Lac COHb SO2 Hb

.5 −1.0 3.0 3.9 91.2 16

.6 −4.7 2.8 2.7 45.5 15.7

.4 −4.4 4.4 2.6 87.2 16.4

9 −6.2 4.9 2.5 82.7 16.3

.9 −4.0 4.2 2.3 88.6 14.3

.4 −4.7 4.8 2.2 79.6 11.9

.7 −3.8 3.1 2.1 91.2 13

.5 −8.4 4.3 2.4 88.5 15.2

.4 −8.5 2.3 2.4 84.2 15

.7 −7.3 1.4 2.0 87.9 15

.2 −6.2 1.4 2.1 91.7 14.5

.8 −0.7 1.5 1.8 90 13.2

.7 4.1 1.2 1.7 83.6 11.3

.9 5.1 1.6 1.1 96.3 10.3
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FIGURE 1

Brain MRI performed at 42 weeks of gestational age shows supratentorial (A–D) and infratentorial (E,F) pattern of brain injury. From left to right,
supratentorial axial FSE T2 images (A–D) showing hypointense punctate confluent white matter lesions in the centrum semiovale (A) and in the
periventricular white matter (B); axial MP-RAGE T1 images showing hyperintense signal corresponding to the abovementioned T2 signal abnormalities
(C,D). Infratentorial axial Susceptibility Weighted images (E,F) shows rounded small spots of signal intensity in the cerebellar peduncles bilaterally (E)
and in the right dentate region (F).
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that cause oxidative stress, lipid peroxidation and cellular apoptosis

(7, 8). Acute CO toxicity in pregnancy causes hypoxia of fetal tissue

through two mechanisms, i.e., transplacental passage of CO and

reduced levels of oxygen release from maternal hemoglobin. CO

diffuses across the placenta either by passive diffusion or through

a transporter-mediated mechanism and this diffusion increases

with gestational age and in proportion to fetal weight, as a result

of changes in placental blood flow velocity and maternal

hemoglobin concentration. Because of the lower baseline PaO2 of

fetal blood compared with maternal blood, and the natural left

shift of the fetal hemoglobin dissociation curve, the fetus is more

susceptible to CO-related insults (9). As maternal CO-Hb

increases and blood oxygen content decreases, both hemoglobin’s

ability to release oxygen and oxygen transport across the placenta

are drastically reduced. Therefore, oxygen carried through the

umbilical vein decreases, leading to fetal hypoxia. In addition, the

dissociation of maternal CO-Hb creates a pressure gradient

between maternal and fetal blood, causing placental CO

diffusion. Once the CO reaches the fetal blood, it easily combines

with fetal hemoglobin. As a result, oxygen is displaced from

hemoglobin and oxygen-carrying capacity decreases leading to

cellular hypoxia. Therefore, inhalation of CO by the mother

results in intrauterine hypoxia by inhibiting transport, delivery,

and utilization of oxygen. Binding ability of CO to fetal

hemoglobin is almost 3 times greater than the adult hemoglobin,

thus fetal CO-Hb levels are about 10%–15% higher than

maternal levels (10).
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As already cited, the mechanisms of CO-mediated toxicity are

complex, because CO not only displaces oxygen from hemoglobin,

inhibiting oxygen-carrying capacity of hemoglobin, but also acts as

an asphyxiant at a cellular level by stimulating lipid peroxidation,

oxygen-free radical production, and reperfusion injury (11). Fetal

outcome is difficult to estimate, but is thought to be proportional

to the severity of maternal symptoms and the time of gestation,

while appears to not be correlated to the mother’s level of

CO-Hb (10). Indeed, maternal CO-Hb levels do not accurately

reflect fetal hemoglobin or tissue levels, thus they have little

correlation with the newborn outcome (11, 12). Fetus is

particularly susceptible to the effects of CO, and during the late

gestational stage the fetal brain seems to be more sensitive to CO

toxicity (10, 13). During the late stage, congenital abnormalities

are rare, but death or severe neurological sequelae may occur (14).

Studies found that the most vulnerable brain areas for CO injury

are those containing white matter (especially periventricular) and

the brainstem, followed by the thalamus and cerebral cortex

(15, 16). As shown in the reported case, our patient was exposed

to CO at the 31st week of gestation and, as expected, hypoxic-

ischemic brain lesions appeared instead of microcephaly or central

nervous system (CNS) development disorders. The only possible

non-teratogenic treatment for pregnant women with CO poisoning

is hyperbaric oxygen therapy (17), as shown by Elkharrat et al.

(18) Hyperbaric oxygen therapy (HBO), i.e., the therapeutic use of

100% pure oxygen at above-atmospheric pressure, is the standard

treatment for acute CO poisoning, as oxygen accelerates the
frontiersin.org
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dissociation of CO from hemoglobin, improving tissue oxygenation.

For this reason, it has been considered in recent years to prevent the

cognitive sequelae of CO poisoning, even in newborns (19). Anyway,

HBO therapy leads to side effects, such as CNS oxygen toxicity

leading to seizures and retrolental fibroplasia in preterm neonates

delivered before 35 weeks of gestation, that should be considered

before starting this treatment. Decisions regarding medical

management of a CO intoxicated pregnant woman and her fetus

can be difficult. Given the rarity of this condition, no specific

treatment guidelines are available from the American College of

Obstetricians and Gynecologists (ACOG) or American Academy

of Pediatrics (19). Options for treatment include normobaric

oxygen treatment, hyperbaric oxygen treatment, delivery and

subsequent treatment of the neonate with 100% oxygen. If HBO is

not available, a CO intoxicated pregnant woman should be

administered 100% oxygen and monitored for the fetus wellbeing

closely. In our case, at the time of acute CO intoxication, the

mother was at the 31st week of gestation which had a very high

chance of survival with more benefits than risks in performing an

emergent caesarean section immediately; therefore, after the

stabilization of the mother, delivery option should be thought as

soon as possible.
4. Conclusion

We conclude that CO intoxication at critical periods of human

brain development can lead to brain injury and that signs of

encephalopathy may develop in the infant during long-term

follow-up. Therefore, all infants with a history of exposure to CO

in utero should be evaluated with serial cranial imaging, even if

neurologic examinations at birth and in the first days of life

seems normal. We also suggest making aware the family of

possible neurodevelopmental sequelae in the following months,

thus interdisciplinary care for these patients is mandatory.
Data availability statement

The original contributions presented in the study are included

in the article/Supplementary Material, further inquiries can be

directed to the corresponding author.
Frontiers in Pediatrics 04
Ethics statement

Written informed consent was obtained from the minor(s)’

legal guardian/next of kin for the publication of any potentially

identifiable images or data included in this article.
Author contributions

GN: Writing – original draft, Writing – review & editing. CT:

Conceptualization, Data curation, Writing – original draft, Writing

– review & editing. RS: Data curation, Supervision, Writing –

review & editing. SF: Data curation, Validation, Writing – review

& editing. LF: Supervision, Validation, Writing – review & editing.
Funding

The authors declare that no financial support was received for

the research, authorship, and/or publication of this article.
Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could

be construed as a potential conflict of interest.

Author LF declares being an editorial board member of

Frontiers, at the time of submission. This had no impact on the

peer review process and the final decision.
Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed

or endorsed by the publisher.
References
1. Shin M, Bronstein AC, Glidden E, Malone M, Chang A, Law R, et al.
Morbidity and mortality of unintentional carbon monoxide poisoning: United
States 2005 to 2018. Ann Emerg Med. (2023) 81(3):309–17. doi: 10.1016/j.
annemergmed.2022.10.011

2. Caravati EM, Adams CJ, Joyce SM, Schafer NC. Fetal toxicity associated with
maternal carbon monoxide poisoning. Ann Emerg Med. (1988) 17(7):714–7. doi: 10.
1016/S0196-0644(88)80619-X

3. Blumenthal I. Carbon monoxide poisoning. J R Soc Med. (2001) 94(6):270–2.
doi: 10.1177/014107680109400604

4. Friedman P, Guo XM, Stiller RJ, Laifer SA. Carbon monoxide exposure during
pregnancy. Obstet Gynecol Surv. (2015) 70(11):705–12. doi: 10.1097/OGX.
0000000000000238
5. Rangel Cenzi J, Albuquerque C, Keutenedjian Mady CE. Phenomenological and
thermodynamic model of gas exchanges in the placenta during pregnancy: a case
study of intoxication of carbon monoxide. Int J Environ Res Public Health. (2019)
16(21):4138. doi: 10.3390/ijerph16214138

6. Weaver LK. Carbon monoxide poisoning. N Engl J Med. (2009) 360(12):1217–25.
doi: 10.1056/NEJMcp0808891

7. Alonso JR, Cardellach F, López S, Casademont J, Miró O. Carbon monoxide
specifically inhibits cytochrome c oxidase of human mitochondrial respiratory chain.
Pharmacol Toxicol. (2003) 93(3):142–6. doi: 10.1034/j.1600-0773.2003.930306.x

8. Thom SR, Bhopale VM, Han S-T, Clark JM, Hardy KR. Intravascular neutrophil
activation due to carbon monoxide poisoning. Am J Respir Crit Care Med. (2006) 174
(11):1239–48. doi: 10.1164/rccm.200604-557OC
frontiersin.org

https://doi.org/10.1016/j.annemergmed.2022.10.011
https://doi.org/10.1016/j.annemergmed.2022.10.011
https://doi.org/10.1016/S0196-0644(88)80619-X
https://doi.org/10.1016/S0196-0644(88)80619-X
https://doi.org/10.1177/014107680109400604
https://doi.org/10.1097/OGX.0000000000000238
https://doi.org/10.1097/OGX.0000000000000238
https://doi.org/10.3390/ijerph16214138
https://doi.org/10.1056/NEJMcp0808891
https://doi.org/10.1034/j.1600-0773.2003.930306.x
https://doi.org/10.1164/rccm.200604-557OC
https://doi.org/10.3389/fped.2023.1264855
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org/


Tuoni et al. 10.3389/fped.2023.1264855
9. Gabrielli A, Layon AJ. Carbon monoxide intoxication during pregnancy: a case
presentation and pathophysiologic discussion, with emphasis on molecular
mechanisms. J Clin Anesth. (1995) 7(1):82–7. doi: 10.1016/0952-8180(94)00017-X

10. Longo LD. The biological effects of carbon monoxide on the pregnant woman,
fetus, and newborn infant. Am J Obstet Gynecol. (1977) 129(1):69–103. doi: 10.1016/
0002-9378(77)90824-9

11. Greingor J, Tosi J, Ruhlmann S, Aussedat M. Acute carbon monoxide
intoxication during pregnancy. One case report and review of the literature. Emerg
Med J. (2001) 18(5):399–401. doi: 10.1136/emj.18.5.399

12. Curtis GW, Algeri EJ, McBay AJ, Ford R. The transplacental diffusion of carbon
monoxide; a review and experimental study. AMA Arch Pathol. (1955) 59(6):677–90.
PMID: 14375490.

13. Aubard Y, Magne I. Carbon monoxide poisoning in pregnancy. Br J Obstet
Gynaecol. (2000) 107(7):833–8. doi: 10.1111/j.1471-0528.2000.tb11078.x

14. Roderique EJD, Gebre-Giorgis AA, Stewart DH, Feldman MJ, Pozez AL. Smoke
inhalation injury in a pregnant patient: a literature review of the evidence and current
best practices in the setting of a classic case. J Burn Care Res. (2012) 33(5):624–33.
doi: 10.1097/BCR.0b013e31824799d2
Frontiers in Pediatrics 05
15. Ginsberg MD, Myers RE. Fetal brain injury after maternal carbon monoxide
intoxication: clinical and neuropathologic aspects. Neurology. (1976) 26(1):15.
doi: 10.1212/WNL.26.1.15

16. Delomenie M, Schneider F, Beaudet J, Gabriel R, Bednarek N, Graesslin O.
Carbon monoxide poisoning during pregnancy: presentation of a rare severe case
with fetal bladder complications. Case Rep Obstet Gynecol. (2015) 2015:1–3. doi: 10.
1155/2015/687975

17. Mandal N, White N, Wee M. Carbon monoxide poisoning in a parturient and
the use of hyperbaric oxygen for treatment. Int J Obstet Anesth. (2001) 10(1):71–4.
doi: 10.1054/ijoa.2000.0492

18. Elkharrat D, Raphael J, Korach J, Jars-Guincestre M, Chastang C, Harboun C,
et al. Acute carbon monoxide intoxication and hyperbaric oxygen in pregnancy.
Intensive Care Med. (1991) 17:289–92. doi: 10.1007/BF01713940

19. Kreshak AA, Lawrence SM, Ontiveros ST, Castellano T, VanHoesen KB.
Perinatal carbon monoxide poisoning: treatment of a 2-hour-old neonate with
hyperbaric oxygen. Am J Perinatol Rep. (2022) 12(01):e113–6. doi: 10.1055/s-0042-
1744216
frontiersin.org

https://doi.org/10.1016/0952-8180(94)00017-X
https://doi.org/10.1016/0002-9378(77)90824-9
https://doi.org/10.1016/0002-9378(77)90824-9
https://doi.org/10.1136/emj.18.5.399
https://pubmed.ncbi.nlm.nih.gov/PMID: 14375490
https://doi.org/10.1111/j.1471-0528.2000.tb11078.x
https://doi.org/10.1097/BCR.0b013e31824799d2
https://doi.org/10.1212/WNL.26.1.15
https://doi.org/10.1155/2015/687975
https://doi.org/10.1155/2015/687975
https://doi.org/10.1054/ijoa.2000.0492
https://doi.org/10.1007/BF01713940
https://doi.org/10.1055/s-0042-1744216
https://doi.org/10.1055/s-0042-1744216
https://doi.org/10.3389/fped.2023.1264855
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org/

	Neonatal hypoxic-ischemic encephalopathy after acute carbon monoxide intoxication during pregnancy. A case report and brief review of the literature
	Introduction
	Case description
	Discussion
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher's note
	References


