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ARTICLE INFO ABSTRACT

Handling Editor: Prof. L.H. Lash Background: One emergency that occurs frequently and has high morbidity is carbon monoxide poisoning. After a
time of lucidity, some victims who recover from the incident of acute carbon monoxide exposure may later suffer
delayed neuropsychiatric sequelae (DNS), which can include cognitive impairments, a wide range of neurological
abnormalities, and affective disorders. Below, we report the first documented incident of DNS after carbon
monoxide poisoning in Ethiopia.

Case presentation: A 40-year-old male patient who developed a coma after he was exposed to burning charcoal in
a closed room was admitted to Debre Tabor Comprehensive Specialized Hospital in the northwest region of
Ethiopia. He stayed for 12 days during his first admission and was discharged with improvement. One month
after discharge, he developed delayed neuropsychiatric sequelae, which manifested as bizarre behavior, being
unable to walk unsupported, loss of concentration, and failure to control urine and feces. Brain MRI showed
bilateral periventricular and frontoparietal deep white matter subcortical abnormal T1 and T2 prolongation with
no restriction of diffusivity, possibly due to demyelinating disorders. He was managed with fluid therapy,
benzhexol, risperidone, and rehabilitation therapy. He stayed for two weeks in our hospital and was discharged
with improvement.

Conclusion: Despite the paucity of delayed neuropsychiatric sequelae from carbon monoxide poisoning, physi-
cians should be highly suspicious in the right situations. The precise mechanisms of delayed toxic effects, pre-
vention measures, and treatment modalities have not yet been determined; therefore, more research and
attention are required.

Keywords:

Ethiopia

Delayed neuropsychiatric sequelae
Carbon monoxide poisoning

1. Background

Inhalation of carbon monoxide (CO), a toxic colorless gas, is one of
the main reasons for emergency department (ED) visits around the
world. Because the symptoms of CO poisoning are vague, they often go
unrecognized and unreported, and the actual diagnosis is difficult for
doctors to make. Therefore, the true incidence is generally understated.

Every year, it causes more than 50,000 admissions to emergency rooms
in the United States [1]. Parkinsonism, cortical blindness, mutism,
chorea, choreoathetosis, hemiplegia, and peripheral neuropathy are
delayed, rare manifestations of CO poisoning. Occasionally, patients
who seem to fully recover subsequently show symptoms and physical
evidence of brain injury to the white matter. In almost all instances, this
delayed syndrome is characterized by apathy, disorientation, amnesia,

Abbreviations: ADC, apparent diffusion coefficient; ALT, alanine transaminase; aPTT, activated partial thromboplastin time; AST, aspartate transaminase; BUN,
blood urea nitrogen; CO, carbon monoxide; DNS, delayed neuropsychiatric sequelae; ECG, Electrocardiography; ED, Emergency Department; GCS, Glasgow Coma
Scale; INR, International normalized ratio; MICU, Medical Intensive Care Unit; mmHg, millimeters of mercury; MRI, Magnetic resonance imaging; NSE, neuron-

specific enolase; PT, Prothrombin time.
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and hypokinesia. Less frequently seen symptoms include apraxia, irri-
tability, increased distractibility, urinary and/or fecal incontinence, and
behavioral abnormalities [2]. Even though DNS is one of the clinical
signs of CO poisoning, making the diagnosis in a clinical setting is
challenging. Nevertheless, even in the international literature, delayed
neurological sequelae from CO poisoning remain a rare occurrence [3].
We provide the first case report of delayed neurological sequelae from
CO poisoning in Ethiopia.

2. Case presentation

A 40-year-old male patient presented to the emergency department
of Debre Tabor Comprehensive Specialized Hospital in the northwest
region of Ethiopia after a 6-hour loss of consciousness. He was found
unconscious by his neighbors in a closed room. He was with his sister,
who was found dead in the same room. There was burning charcoal
inside the room, which they used for cooking purposes.

On arrival, his blood pressure was 120/80 mmHg, his pulse rate was
140 beats per minute, his respiratory rate was 36 per minute, his blood
carboxyhemoglobin (COHb) was 52%, and his point of care glucose was
123 mg/dl. His Glasgow Coma Scale (GCS) was 3/15. Pupils were
dilated bilaterally but reactive. Inmediately after arrival, he was put on
a 15 L/min face mask of oxygen with a partial rebreather mask and
maintenance fluid, and he was intubated for an unprotected airway due
to low GCS. Hyperbaric oxygen therapy was not performed since it was
not available in our setup. Then, he was transferred to the medical
Intensive Care Unit (MICU) to continue supportive treatment.

Subsequently, his consciousness improved, and on the 9th day of
MICU admission, he was extubated and transferred to the medical ward
for observation. He stayed at the medical ward for 3 days and was dis-
charged with improvement after 12 days of hospitalization. His labo-
ratory results were grossly normal, except his liver enzymes were
elevated, which later normalized as summarized below (Table 1).

One month after discharge, he developed bizarre behavior, was un-
able to walk unsupported, lost concentration, and failed to control urine
and feces for 3 days. He was doing his routine activities before these
complaints, but this time he was unable to perform his daily routines.
For the above complaints, he visited our emergency department. On
arrival, his vital signs were: blood pressure 110/80 mmHg, pulse rate 88,
respiratory rate 24, temperature 36.3 °C, saturation of oxygen 95% with
room air, and random blood glucose 140 mg/dl. His GCS was 13/15 (E
=4,V =5, M = 4). Pupils were dilated and sluggish bilaterally. On
motor examination, he had a continuous repetitive movement of the
extremities, and strength was reduced to 3/5 on the lower extremities.
This time, a brain MRI was sent (Fig. 1), and it showed bilateral

Table 1
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periventricular and frontoparietal deep white matter subcortical
abnormal T1 and T2 prolongation with no restriction of diffusivity,
possibly due to demyelinating disorders, with no significant change seen
on the ADC map (Fig. 2). There was no significant mass effect. On the
post-contrast scan, there was no significant enhancement. The rest of the
cerebral structures, cerebellum, and vascular structures appear normal.

Considering his clinical presentation and MRI findings, delayed
neuropsychiatric sequelae due to post-anoxic brain injury were enter-
tained. He was managed with fluid therapy, benzhexol, risperidone, and
rehabilitation therapy. But later on, as his clinical manifestations
improved, he only continued with rehabilitation therapy. He stayed for
two weeks in our hospital and was discharged with improvement. Upon
discharge, he was advised to continue rehabilitation and to have regular
follow-ups at the nearby hospital.

3. Discussion

Carbon monoxide poisoning results from breathing in a toxic,
colorless gas that damages organs by depriving cells of oxygen, which
causes a variety of systemic and neurological issues and eventually
death [4]. Gas heaters, furnaces, water heaters, wood- or
charcoal-burning stoves, and kerosene heaters are typical sources of CO
poisoning. Other common sources are house fires, poorly aired cars, and
gas heaters. In our situation, CO was released into the air by charcoal
being burned in a closed space inside the victim’s shelter.

The clinical manifestation of CO poisoning mimics other prevalent
ailments, making it very difficult to identify unless suspected. The
diagnosis is therefore commonly missed. Moreover, patients’ symptoms
may be ambiguous, fluctuating, and generic, making a diagnosis more
challenging [5-7].

The clinical course of CO poisoning can be monophasic or biphasic.
In the biphasic course, individuals may experience delayed neurological
sequelae following an apparent normal period of lucidity (from days to
weeks, typically within one month) [4, 8, 9]. A study conducted in Korea
found that 75 patients out of 2759 cases experienced DNS [4]. Most
people who suffer from acute CO poisoning fully recover without any
further complications, while between 10% and 30% of sufferers are
readmitted to a facility with DNS [8,10]. Thus, DNS is a serious issue for
those who survived acute CO poisoning. Our patient, who suffered
delayed neurological consequences, experienced a biphasic clinical
course. Before experiencing delayed neurological effects, this patient
experienced over a month of lucidity.

Compared to oxygen, CO has a far higher affinity for hemoglobin; it
attaches to hemoglobin 240 times more strongly than oxygen does.
When exposed to CO, there is a competitive coupling of CO to

Laboratory, ECG, and chest X-ray results during the stay at Debre Tabor Comprehensive Specialized Hospital from September 11 to September 23, 2022.

Investigations 1% day 27 day 5% day 10% day Reference value
White blood cell 9.79 * 10° 9.87 * 10° 13.97 * 10° 4.5-11 * 10% /UL
Hemoglobin 16 g/dl 15.9 14.3 13.5-17.5 gm/dl
Platelets 150 * 10% 189 * 10° 139 * 10° 150-350 * 10°/uL
Urine analysis Non-revealing _ _

Serum sodium 141 mmol/L 141 _ 136-145 mmol/L
Potassium 4.4 mmol/L 3.4 _— 3.5-5.1 mmol/L
Chloride 107 mmol/L 107 B —— 98-107 mmol/L
Calcium 7.8 mg/dl 7.2 _ 8.5-10.1 mg/dl
Magnesium 3 mg/dl 2.2 B — 1.8-2.4 mg/dl
BUN 45 mg/dl 20 _ 7-18 mg/dl
Creatinine 1.2 mg/dl 0.91 _ 0.55-1.3 mg/dl
AST 159 198 87 15-37 U/L

ALT 81 134 68 14-63 U/L

PT 12.4 11-13.5s

pPTT 26.6 25-40's

INR 1.3 2-3

Troponin 0.1 0.1-0.3 ng/ml
ECG Normal Normal Normal Normal

Chest x-ray Normal
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Fig. 1. Brain MRI showing bilateral periventricular and frontoparietal deep white matter subcortical abnormal T1 and T2 prolongation with no restriction of

diffusivity due to demyelinating disorders.
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Fig. 2. Brain MRI showing bilateral periventricular and frontoparietal deep white matter subcortical T2 high signal intensity and T1 low signal intensity lesions with

no significant difference seen on the ADC map.

hemoglobin, which in turn lowers the hemoglobin’s ability to deliver
oxygen. Because of this, the oxygen-hemoglobin dissociation curve shifts
to the left, impairing oxygen release at the tissue level and resulting in
hypoxic stress at the cellular level [11].

Although cellular hypoxia is one of the channels by which CO
poisoning induces an aberrant inflammatory response, the precise
pathogenic mechanism of CO’s acute toxicity and, notably, the delayed
toxic effects and subsequent DNS are still poorly understood [12].
Further research is thus required to close the gaps in our understanding
of the pathophysiological mechanisms behind the acute and long-term
effects of CO poisoning.

DNS can present with a wide range of neurological abnormalities,
including Parkinsonism, fecal and urine incontinence, confusion,
cognitive difficulties, and psychosis [8,12]. The deep white matter and
periventricular regions exhibit hyperintense signals by brain MRI in CO
poisoning [13]. Our patient’s diagnosis of delayed neuropsychiatric
sequelae due to carbon monoxide toxicity was determined in light of the
patient’s medical history, physical examination results, and brain MRI
findings.

Even though a few factors have been linked to DNS, the development
of DNS has a weak correlation with the victim’s initial clinical presen-
tation. Older age, duration of CO exposure, longer time to treatment,
brief loss of consciousness, coma, and increased serum levels of neuron-
specific enolase (NSE) are some of the factors that have been shown to
predict the development of DNS [8, 10, 14]. Hence, in our case, loss of
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consciousness, coma, and a prolonged time to therapy can be seen as
indicators of DNS.

While DNS had no known treatment [15], we managed his condition
with hydration therapy, benzhexol, risperidone, and physical therapy.
But, as time went on and his clinical symptoms became better, he merely
proceeded with rehabilitation therapy.

We learned from the extensive literature review that although CO
poisoning is common, the precise mechanisms of acute and delayed
toxic effects, preventive measures, and suggested treatments have not
yet been fully understood [16,17]. Despite the paucity of delayed
neuropsychiatric sequelae from carbon monoxide poisoning, physicians
should be highly suspicious in the right situations.

The reporting of such cases is crucial for improving our knowledge of
the toxicities related to CO poisoning. Also, it might contribute to raising
awareness among the general public and medical professionals, which
would ultimately contribute to a decrease in the prevalence and com-
plications of CO poisoning.
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