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Carbon monoxide (CO) can cause “irreversible” severe-to-profound sensorineural hearing loss. However, there are few reports of detailed hearing
test results. Here, we report a case of acute sensorineural hearing loss caused by acute CO poisoning with partial hearing recovery, evaluated by
a detailed hearing examination. A 25-year-old woman was brought to the emergency department for attempted suicide. On admission, her con-
sciousness was impaired, and she was treated for severe CO poisoning, including using hyperbaric-oxygen therapy. After regaining conscious-
ness, symptoms of hearing loss and tinnitus were discovered, and a detailed audiological examination revealed bilateral hearing loss, suggesting
cochlear damage. Steroids were systemically administered, and her hearing impairment was partially resolved. Sensorineural hearing loss caused
by acute CO poisoning includes cochlear pathology and may be partially treatable. The early evaluation of hearing in patients with severe CO
poisoning is advisable for early treatment.
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INTRODUCTION

Carbon monoxide (CO) is a colorless, tasteless, and odorless gas that binds to ferrous heme-containing proteins, such as hemoglo-
bin (Hb) with high affinity, reduces oxygen-carrying capacity, and interrupts critical cellular functions.! Although several cases of
sensorineural hearing loss due to acute or chronic CO poisoning have been reported,?® most reports have shown only the results of
pure-tone audiometry (PTA) for audiological examination. Therefore, whether the primary pathology of sensorineural hearing loss
due to CO poisoning is a cochlear disorder or a central nervous system disease is still unclear. In this report, we describe a case of
sensorineural hearing loss caused by acute CO poisoning, in which we performed detailed audiological examinations and treated
the patient with hyperbaric-oxygen treatment (HBOT) and systemic steroids.

CASE PRESENTATION

A 25-year-old woman was referred to our hospital for the management of acute CO poisoning. More than 24 hours before admis-
sion, she had attempted suicide by burning charcoal briquettes in her car. A neighbor noticed a suspicious vehicle and called for
emergency medical assistance because she was unconscious. Vital signs on admission included a body temperature of 36.3°, blood
pressure of 94/67 mmHg, and heart rate of 109/min. Her Glasgow Coma Score was 12: eye (4) verbal, (3); and motor (5). Her labo-
ratory data showed the following: hemoglobin, 15.6 g/dL; white blood cell count, 23 800/mL; platelet count, 426 000 /mL; serum
sodium, 137 mmol/L; potassium, 5.3 mmol/L; chloride 104 mmol/L; lactate dehydrogenase, 693 U/L; creatine phosphokinase, 34
005 U/L; blood urea nitrogen, 39.0 mg/dL; creatinine, 0.91 mg/dL; and estimated glomerular filtration rate, 60.0 mL/min/1.73 m2
Although these data did not meet the criteria of acute kidney injury according to the Kidney Disease Improving Global Outcomes
(KDIGO) guidelines, they did suggest the rapid deterioration of renal function and rhabdomyolysis. Arterial blood gas analysis
revealed a carboxyhemoglobin level of 19.8%. Brain computed tomography (CT) and magnetic resonance imaging (MRI) revealed
an abnormal signal bilaterally in the globus pallidus (Figure 1). The patient was treated for severe CO poisoning with impaired
consciousness by the emergency department, including HBOT. After regaining consciousness, she complained of bilateral hearing
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Figure 1. Images at the basal ganglia level. Computed tomography (left) shows a low-density area in the globus pallidus bilaterally (arrows). Fluid-attenuated
inversion recovery-weighted magnetic resonance imaging (right) shows bilaterally increased signals in the globus pallidus (arrows).

loss and tinnitus on day 3 of hospitalization. She was referred to
our department 7 days after admission after her general condition
improved.

Pure-tone audiometry measured by a pure-tone audiometer (AA-
H1, RION, Tokyo, Japan) showed mild right hearing loss and moder-
ate left hearing loss (right: 35.0 dB hearing level (HL), left: 41.25 dB
HL; arithmetic mean of pure-tone thresholds at 500, 1000, 2000,
and 4000 Hz) (Figure 2A). Distortion product otoacoustic emissions
(DPOAEs) were measured using an OAE Screener (ER-60, RION) in
both the ears, which revealed reduced/absent emissions at 1.5, 2.0,
and 3.0 kHz in the right ear and at 1.5, 2.0, 3.0, and 4.0 kHz in the left
ear (Figure 3). Speech discrimination testing was performed using
a pure-tone audiometer (AA-H1) with a standardized protocol, the
Japanese Monosyllable Word List 67, which uses 20 monosyllables
in a semi-closed form. The word discrimination score for the normal
20 monosyllables in this test generally reaches almost 100% in the
range of 30- and 40-dB HLs. Our patient’s maximum discrimination
scores were 85% and 95% in the right and left ears, respectively, with
a rollover phenomenon (Figure 4). Self-recording audiometry mea-
sured by a pure-tone audiometer (AA-H1) showed a type Il pattern
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(Jeger classification) in both the ears (Figure 5). The short increment
sensitivity index test results were 95% at 1000 Hz in the right ear and
75% at 1000 Hz in the left ear (normal < 65%; Figure 6). These results
of detailed audiological examinations suggested the presence of
loudness recruitment which reflected a cochlear disorder. There were
no findings suggesting vestibular dysfunction such as vertigo or
instability in the patient.

Under the diagnosis of acute sensorineural hearing loss due to CO
poisoning, she was administered 60 mg/day of oral prednisolone for
8 days, with the dose tapering every 2 days thereafter. PTA showed
an apparent threshold recovery in both the ears (right: 22.5 dB HL,
left: 32.5 dB HL) on hospital day 15 (Figure 2B). Auditory brainstem
responses were recorded on hospital day 14, and the threshold was
35 dB HL without extension of latency in both the ears. She was
transferred to a long-term care hospital 18 days after hospitaliza-
tion because her general condition improved. However, she gradu-
ally developed delayed neurological sequelae (DNS) approximately
1 month after discharge from the hospital, which made it difficult for
her to follow-up at our hospital; thus, her follow-up was terminated.
Written informed consent was obtained from the patient.
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Figure 2. (A) Upon the first presentation, the pure-tone audiometry shows mild-to-moderate bilateral hearing loss. (B) The pure-tone audiometry performed 7
days after steroid treatment shows partial hearing improvement in both the ears.
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Figure 3. Distortion product otoacoustic emissions reveal reduced/absent emissions in middle frequencies. Circles: distortion product amplitude of right ear.

Crosses: distortion product amplitude of left ear. Horizontal lines: noise floor.
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Figure 4. Speech discrimination testing shows deterioration of speech intelligibility in both the ears.
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Figure 5. The self-recording audiometry (fixed-frequency tracing) shows a Jeger type Il abnormality.
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Figure 6. The short increment sensitivity index test suggests the presence of loudness recruitment. Right ear (1000 Hz); level: 75 dB, increment: 1.0 dB, score:
95% (19/20). Right ear (4000 Hz); level: 35 dB, increment: 1.0 dB, score: 5% (1/20). Left ear (1000 Hz); level: 70 dB, increment: 1.0 dB, score: 75% (15/20). Left ear

(4000 Hz); level: 50 dB, increment: 1.0 dB, score: 55% (11/20).

DISCUSSION

There are various reports on the pathology of sensorineural hear-
ing loss due to CO poisoning, such as cochlear or central hearing
loss. However, there is no consensus on the primary pathological
lesion for hearing loss.”® Postmortem examination of victims of
acute CO poisoning has shown hemorrhage and cellular degen-
eration in the cochlear and vestibular nuclei, spiral ganglion, and
in various parts of the cochlea itself.? From an animal experiment,
Fechter et al'® suggested that the primary target of CO damage is
the inner hair cells and/or type | spiral ganglion cells, with the outer
hair cells being less affected. Regarding the audiograms, although
hypoxia to the cochlea associated with CO poisoning may cause
mid-tone damage similar to our case, resulting in a “U-shaped
curve” in pure-tone audiograms,’ there have been several reports
of a high-frequency threshold deterioration in CO-induced hear-
ing loss.2 These results suggest that the audiograms of CO-induced
hearing loss vary and are difficult to use in detecting the patho-
logical location of sensorineural hearing loss due to CO poisoning.
Note that Makisima et al. reported that the central pathways, such
as the auditory cortex and inferior colliculus are the primary site
of lesion with damage in CO intoxication.'' Therefore, the primary
pathology of sensorineural hearing loss due to CO poisoning has
not been clear for a long time.

From the results of the DPOAE in this study, we suspect that the
main lesion of hearing loss was in the cochlea, especially the outer
hair cells. Although the rollover phenomenon in speech audiometry
implies the possibility of a mixture of retrocochlear pathologies, the
results of other audiological examinations also support cochlear
hearing loss. The patient’s hearing threshold improved partially after
steroid treatment. These results suggest that sensorineural hearing
loss caused by CO poisoning may be reversible, at least in part, and
is consistent with previous reports.5® In other reports, the timing
of treatment initiation varied due to differences in pathogenesis,
general condition, and other factors. Further studies are required to
confirm the results. Collectively, the cochlear pathology of hearing
loss due to CO poisoning was suggested in our patient. However,
the detailed mechanism of cochlear damage remains unclear and
further studies are required.

Severe CO poisoning is often accompanied by impaired conscious-
ness in the acute phase,’? making it difficult to detect hearing loss
and tinnitus symptoms and perform subjective tests, such as PTA.
Considering the simplicity of the examination, the DPOAE test,
an objective test with a short examination time, may be helpful

for screening hearing loss associated with CO poisoning. Further
research on the effect of CO intoxication on outer hair cells is also
necessary to examine the appropriateness of evaluating CO poison-
ing-induced hearing loss using the DPOAE test.

Oxygen supplementation is key for treating CO intoxication. In par-
ticular, HBOT has been proven to be effective for acute CO poison-
ing and reducing the risk of DNS compared to normobaric-oxygen
treatment.'? Furthermore, in cases where administration of HBOT
is limited owing to unstable vital signs and intubation, or absence
of an available HBOT, induced hypothermia has been suggested to
be effective for severe CO poisoning.’> However, there is no estab-
lished treatment for the hearing loss itself that is caused by CO
poisoning.

Although controversial, steroids are supposed to be beneficial and
widely used to treat idiopathic sudden sensorineural hearing loss.'
However, there is no clear evidence of its efficacy in sensorineural
hearing loss associated with CO poisoning. The anti-inflammatory
and anti-edema effects of steroids may contribute to recovery from
neurological dysfunction caused by CO poisoning,’ suggesting that
steroids are useful for the treatment of CO poisoning itself. The partial
hearing recovery in our patient supports the use of steroids for sen-
sorineural hearing loss due to CO poisoning, but the effectiveness of
steroids should be researched further.

Acute CO poisoning can cause sensorineural hearing loss owing to
a cochlear pathology. CO poisoning-induced hearing loss may be
partially treatable, and oral steroid therapy may effectively treat this
disease. For early treatment, evaluation of hearing in patients with
severe CO poisoning is advisable.
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