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Carbon monoxide (CO) is a colorless, odorless,
toxic gas that is a product of incomplete combustion.
Motor vehicles, heaters, appliances that use carbon
based fuels, and household fires are the main sources
of this toxic substance. In the human body, CO
attaches to the hemoglobin and blocks the capacity to
carry oxygen. CO binds reversibly to hemoglobin with
an affinity 200-240 times that of oxygen. It has been
suggested that carboxyhemoglobin causes severe
generalized tissue hypoxia and a direct toxic effect on
the mitochondria(1). CO is now realized as one of the
gaseous neurotransmitter similar to nitric oxide.

Delayed postanoxic encephalopathy causes
deterioration and relapse of cognitive ability and
behavioural movement a few weeks after complete
recovery from initial hypoxic injury(2). In Thailand, there
is no case report of delayed post anoxicencephalopathy
after CO poisoning. The patient was diagnosed and
demonstrated extensive white matter lesions in the
brain parenchyma including deep grey matter nuclei

on diffusion weighted magnetic resonance imaging.
Literature review of this condition was extensively
searched.

Case Report
A 50-year-old Thai female was admitted at

Siriraj Hospital Medical School, Mahidol University,
Bangkok. She had a definite history of severe CO
poisoning from the malfunctioned heat generator
in the United States (US) on 3rd January 2008. Her
family included her daughter and husband were also
intoxicated with a milder degree and documented
high carboxyhemoglobin levels. She appeared to be
the one most affected.

The patient and her husband went to the US
on 3rd January 2008 to celebrate their daughter’s
bachelor graduation. They spent their vacation with a
touring agency to Arizona. At the small local hotel,
where the patient and her family stayed, a central
heat generator in her room was malfunctioning, thus
the hotel manager took a mobile heat generator for
substitution. On the next morning there was no
response to the wake up call, thus at 9.00 a room
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service man broke into the room. The patient, her
daughter and her husband were found all in a comatose
stage. Along the side of the patient, vomitus was found
but no medication was noticed. They were then taken
immediately to the local hospital. After intubation and
ventilation, she could then move all four extremities
spontaneously but she was still in a semicomatose
state. Both her husband and daughter were also
intoxicated and were transferred by helicopter for
hyperbaric oxygenation therapy (HBOT) in New
Mexico City. The patient was admitted to the medical
intensive care unit, where she was found to have a
serum CO level to 17.2%. The patient sub-sequently
underwent several sessions of HBOT. At Presbyterian
Hospital, arterial blood gases showed pH of 7.33, PCO2
of 43 mmHg, PO2 of 42 mmHg, backup of 22 mmHg, and
an Aa gradient of 504, which was markedly elevated.
EKG upon admission showed normal sinus rhythm
with T-wave abnormality; however, no evidence of
ischemia was detected including the patient’s troponin
blood levels and on further EKG testing.

With treatment per HBOT, the patient did
well. O2 saturation returned to normal value. She was
subsequently extubated approximately 2 days after
admission. She did well after extubation; however she
continued to desaturate for a few more days only on
exertion. She showed apparently resolved  neurological
symptoms and discharge from the hospital 3 days later.

She flew back to Thailand on 22nd January
2008 after her full recovery. She herself felt normal
and was able to return to work. Two weeks after she
returned to Thailand, she went to her office in the
morning. In the evening she was found in her car
which was parked at the side of the highway. Car

windows were closed, but there was no evidence of a
car accident. The patient was alert but did not utter any
word, could not follow any commands and had urinary
incontinence. She was finally sent to Siriraj Hospital
in the status of apathy, global aphasia, incontinence
and disorientation. She was admitted to the medical
intensive care unit. On examination she was alert but
could not talk and was disoriented and did not obey or
understand any commands. She had spasticity of both
upper extremities with hyperreflexia. No gross motor
weakness was detec-ted. She had abnormal movement
in choreaform cha-racter. Other examinations were
unremarkable. Her laboratory investigations revealed
normal complete blood count and metabolic profiles.
Her chest radiogram and EKG were normal. Her Thai
mental state exam (TMSE) score was 18/30 (impaired
orientation, calculation, and language). Her MRI-brain
showed abnormal white matter changes over both
cerebral hemispheres and abnormal signal intensity at
both putamens and caudate nuclei (Fig. 1).

Her electroencephalogram revealed generalized
intermittent slow activity throughout both hemispheres.
She was diagnosed as delayed neuropsychological and
cognitive sequelae of CO poisoning. HBOT was the
treatment of choice for her and she was given a total of
3 treatments. Follow-up brain single photon emission
computed tomography (brain-SPECT) study was
performed at about three weeks after admission
showed multiple areas of decreased cerebral perfusion
(Fig. 2). The cognitive impairment improved greatly a
few weeks after discharge (admission for 8 weeks).
Her TMSE score was 28/30 significantly improved
(impaired calculation 2 points). Similary, the follow-up
brain MRI showed a steady improvement (Fig. 3, 4).

Fig. 1 MR images obtained on day 30th after carbon monoxide exposure. T2-weighted images show bilateral, symmetrical,
confluent areas of high signal intensity in both centrum semiovale and periventricular white matter
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Fig. 2 Brain SPECT (Tc-99 ECD) showed multiple areas of decreased cerebral perfusion

Fig. 3 MR images obtained on 2 months after carbon monoxide exposure. T2-weighted images show decreased areas of
high signal intensity in both centrum semiovale and periventricular white matter
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Discussion
Most patients with CO poisoning, whether

incidental or accidental, initially visit the Emergency
Department. Prompt recognition and proper manage-
ment of this condition is essential. Most of them
recover well without any complication with hyperbaric
or high oxygen therapy. Delayed encephalopathy
occurring from 14 to 45 days after recovery from the
acute stage is well recognized. Clinical manifestations
included cognitive impairment, akinetic mutism,
sphincter incontinence, gait ataxia and extra-
pyramidal syndromes such as chorea, dystonia, and
parkinsonism(2). It is estimated that as high as 50% of
indivi-duals with CO poisoning will develop neurologic,
neurobehavioral, or cognitive sequelae. CO related
cognitive impairments included impaired memory,
attention, executive function, motor, visual spatial,
and slow mental processing speed(3). The delayed
neuropsychiatric impairment showed that 2.75% of
patients suffered from this complication with a mean
lucid period of about 3 weeks(4).

Brain MRI revealed multiple lesions in the
subcortical white matter and basal ganglia, mostly in
the globus pallidus, and to a lesser degree in the
putamen, and caudate(5-7). On apparent diffusion
co-efficient (ADC) in patients with delayed
encephalopathy of CO intoxication appeared to be
within the normal range on day 23rd after CO exposure,
but they progressively decreased until day 38th after
exposure, then slowly increased. There have been
reports which suggest delayed encephalopathy of
CO intoxication, the restricted diffusion of the white
matter lesion develops late after the patient exposure
to CO and persists longer than usual 2-3 weeks after
an acute ischemic infarction (Table 1)(8).

Fig. 4 MR images obtained on 9 months after carbon monoxide exposure. T2-weighted images show significantly
improvement of white matter lesion in both centrum semiovale and periventricular

It has been the retrospective study assess
regional cerebral blood flow in patients after CO
intoxication by using brain-SPECT and statistical
parametric mapping, significantly decreased regional
cerebral blood flow was noted extensively in the
bilateral frontal lobes as well as the bilateral insula
and a part of the right temporal lobe in the patients
with delayed neuropsychiatric sequelae compared with
normal volunteers (p < 0.005)(9).

The recovery from delayed encephalopathy
after CO poisoning occurs in 50%-75% within one
year(4). Similary, the follow-up brain MRI showed a
steady improvement(3). It seems that no specific
treatment is required for delayed encephalopathy
after CO poisoning. It has been reported in a small
randomised trial that the HBOT for acute CO poison-
ing could decrease the incidence of delayed neuro-
psychiatric sequelae(10).

The timely administration of HBOT prevents
neuronal injury, delayed neuropsychological sequelae
and terminates the biochemical deterioration(11-13).
Diffusion tensor MR imaging can be a quantitative
method for the assessment of the white matter change
and monitor the treatment response in patients of
delayed encephalopathy after CO poisoning with a
good clinical correlation(14). The HBOT may be an
effective therapy for delayed encephalopathy after CO
poisoning(14). Some studies showed that the repetitive
HBOT may prevent the delayed neuropsychiatric
sequelae of CO poisoning when applied individually
with monitoring of the peak alpha frequency as an
indicator of efficacy(15).

Clinical status or carboxyhaemoglobin level
on initial CO poisoning could not predict the occurrence
of delay encephalopathy after CO poisoning. The most
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Patient/age (yr)/sex*     Initial manifestations of acute Lucid interval Major clinical findings of delayed
               CO intoxication        (wk) encephalopathy

1/54/F Coma with multiple burn injury           3 Short-term memory loss,
confabulation; much
improved at 7-mo follow-up

2/71/M Sudden decrease of verbal output,           1 Aphasia, gait disturbance;
free voiding much improved at 5-mo follow-up

3/63/M Abnormal repetitive behavior,           3 Abulia, akinetic mutism;
progressive abulia much improved at 8-mo follow-up

4/65/F Coma, decrease of verbal output           4 Urinary/fecal incontinence,
and cognitive dysfunction short-stepped gait; persistent

clinical symptoms at 6-mo follow-up

5/63/F Coma, free voiding, and defecation           4 Abulia, bradykinesia, free voiding;
much improved at 5-mo follow-up

Table 1. Summary of clinical features in five patients with delayed encephalopathy of CO intoxication

* In all patients except patient 4, the cause of their exposure to CO gas was a gas leakage from an under-the-floor home
heating system. Patient 4 was exposed to exhaust gas from a car

common computed tomography (CT) finding in
several cases of CO was low density in the cerebral
white matter followed by lesions of the globus
pallidi(16). Some investigators reported that there
was significant correlation between the cerebral
white matter changes in the initial CT scan and the
development of delayed neurological sequelae after
acute CO poisoning(17). Bilateral symmetric white
matter hyperintensity in MRI (T2WI/FLAIR) could be
a good predictor of delayed encephalopathy after
acute CO intoxication(18). Most CO poisoning patients
present to the Emergency Department. Early detection
and treatment can improve the outcome of delayed
encephalopathy sequelae of patients with CO
poisoning.

Conclusion
In conclusion, the authors presented a Thai

woman with delayed hypoxic encephalopathy after
CO intoxication, which presented with many clinical
manifestations. In addition, to the best of our
knowledge, this case is the first case in Thailand of
neuropsychological and cognitive sequelae described
after CO intoxication. In the evaluation of clinical
condition associated with any brain lesion, the related
pathways should be considered in addition to the
functions of the independent region.
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Delayed encephalopathy และการสูญเสียประชนจากพิษคาร์บอนมอนนอกไซด์เฉียบพลัน:

รายงานผู้ป่วย 1 ราย และทบทวนวารสาร

ตวงรัตน์  ตะเพียนทอง, นิพนธ์  พวงวรินทร์

ภาวะ delayed encephalopathy และการสูญเสียประชาชน ที ่เกิดจากพิษคาร์บอนมอนนอกไซด์

แบบเฉียบพลันเป็นภาวะที่พบน้อยและยังไม่เคยมีรายงานผู้ป่วยในประเทศไทย คณะผู้รายงานจึงรายงานผู้หญิงไทย

อายุ 56 ปี ซึ่งได้รับพิษจากก๊าซคาร์บอนมอนนอกไซด์ขณะไปเที่ยวที่เมืองอริโซนาในช่วงหน้าหนาวและ เกิดความ

ผิดปกติของสมอง 4 สัปดาห์ หลังจากได้รับการรักษาจนหายเป็นปกติจากภาวะพิษจากก๊าซคาร์บอนมอนอกไซด์

ในระยะเฉียบพลัน ผลการตรวจ brain magnetic resonance imaging พบความผิดปกติของ white matter, putamen

และ caudate nucleus ทั้งสองข้าง ผู้ป่วยได้รับการรักษาด้วย hyperbaric oxygen therapy (HBOT) จนอาการ

ค่อย ๆ ดีขึ้นในด้านความจำโดยเริ่มดีขึ้นมากใน 4 สัปดาห์หลังการรักษา
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