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Introduction

Nontraumatic intracranial hemorrhage can be caused by hy-
pertension, vasculitis, aneurysm, or coagulopathy, and mainly 
occurs in the brain parenchyma, subarachnoid space, and sub-
dural space, with the brain parenchyma the most common site 
of the lesion. Pontine hemorrhage accounts for about 10% of 
nontraumatic intracranial hemorrhage [1]. Because there are 
many neural structures in the pons, including the abducens nu-
cleus, trigeminal nucleus, cochlear nucleus, and vestibular nu-
cleus, a pontine hemorrhage can cause a variety of neurologi-
cal symptoms depending on the amount of bleeding and the 
location in which bleeding occurs [2]. The initial clinical signs 
of pontine hemorrhage may vary, ranging from mild confusion 

to coma. Half of the patients show miosis at the initial clinical 
examination, but some can have normal pupils or mydriasis. 
Most patients have normal body temperature, while clinical 
symptoms such as respiratory disturbance, facial nerve palsy, 
abducens nerve palsy, vagal nerve palsy, hearing loss, and dis-
equilibrium may occur. Tetraplegia is the most common motor 
disorder, but hemiparesis or normal motor function can be 
present [3]. The treatment of a pontine hemorrhage is limited 
to conservative care and surgery is not indicated in most cas-
es. The prognosis is very poor and the mortality rate is report-
ed to be 40-60% [4].

If a hemorrhagic lesion develops in an auditory conduction 
pathway involving the cochlear nucleus in the pons, sensori-
neural hearing loss can occur [5]. Here, we report a patient 
with a pontine hemorrhage who developed hearing difficul-
ties as a result of auditory neuropathy. To our knowledge, this 
is the first report showing that a pontine hemorrhage can cause 
hearing loss as a form of auditory neuropathy.
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A pontine hemorrhage can evoke several neurological symptoms because the pons con-
tains various nuclei and nerve fibers. Hearing loss can develop as a result of a pontine hem-
orrhage because there is an auditory conduction pathway in the cochlear nucleus of the 
pons. However, very few cases of hearing loss caused by pontine lesions have been report-
ed, and there have been no reports of auditory neuropathy that developed following a pon-
tine hemorrhage. Recently we had a patient who experienced a nontraumatic pontine hem-
orrhage who was diagnosed with auditory neuropathy. The 34-year-old male patient was 
admitted to the emergency department with sudden alteration of mental status. His brain 
computed tomographic imaging revealed a hemorrhage in the central pons. He complained 
of hearing difficulties after his mental status recovered through conservative treatment, but a 
pure-tone audiogram showed very mild hearing loss in both ears. Further hearing tests using 
otoacoustic emissions, which showed normal responses, and auditory brainstem responses, 
which showed no waveforms at maximum stimulus intensity, revealed that his hearing difficul-
ties were caused by auditory neuropathy. This case implies that the threshold of sound de-
tection can be preserved in patients with pontine hemorrhage who complain of hearing diffi-
culties. Auditory neuropathy should be considered as a possible cause of hearing difficulties 
in these patients and appropriate hearing tests should be performed.
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Case Report

A 34-year-old man was admitted to the emergency room 
with sudden mental deterioration, dysphonia, and limb weak-
ness. He had no relevant past medical history such as hyper-
tension, chronic hyperinsulinemia, or diabetes. His blood pres-
sure, light reflex, and blood tests related to coagulopathy were 
normal. His level of consciousness was drowsy at initial pre-
sentation, but subsequently worsened to stupor. He showed 
sudden respiratory difficulty, so underwent endotracheal intu-
bation. Because a stroke was suspected, a brain computed to-
mography (CT) was performed. The CT scan revealed a hem-
orrhagic lesion in the central pontine area. The amount of 
bleeding was estimated to be approximately 5 mL (Fig. 1). He 
was admitted to the intensive care unit (ICU) and received 
conservative treatment because surgical intervention was im-
possible. Hemostatics, antihypertensive agents, and anticonvul-
sants were administered. The hemorrhagic lesion in the pons 
was reduced in size on subsequent brain CT scans, and his 
mental status also improved. His mental status was restored to 
the alert level and self-respiration was possible without me-
chanical ventilation 7 days after ICU admission. After he re-
covered his mental status, he complained of hearing difficulty. 
He said that he could hear speech sounds, but could not un-
derstand them at all. Physical examination of both ears re-
vealed normal tympanic membranes. His average hearing 
threshold by pure tone audiometry was 26 dB HL in the right 
ear and 32 dB HL in the left ear (Fig. 2), but his speech dis-
crimination score was zero for both ears. Further hearing tests 
were performed to reveal the cause of hearing loss. Transiently 
evoked otoacoustic emission (OAE) and distortion product 
OAE showed robust responses for both ears, but the auditory 
brainstem response (ABR) showed only a broad wave I at 100 
dB nHL click stimuli (Figs. 3, 4). Based on these results, he 
was diagnosed as having auditory neuropathy. Follow-up 
hearing tests were performed 6 months after the initial hear-
ing tests, and the OAE and ABR tests showed the same re-

sults, including robust OAE responses and no waveforms in 
the ABR test. His hearing thresholds had not changed but his 
speech discrimination scores improved to 44% in the right ear 
and 60% in the left ear. At present, he can easily communi-
cate verbally with familiar people with aid of speech reading.

Discussion

When hearing loss is suspected, the highest priority must 
be to determine the type of hearing loss because this deter-
mines the diagnostic and therapeutic approaches used. Hear-
ing loss is divided into two types: conductive hearing loss and 
sensorineural hearing loss. In the case of conductive hearing 
loss, the possibility of surgical management is considered 

Fig. 1. The axial image of contrast-enhanced brain computed to-
mography demonstrates an acute hemorrhage in the central pons 
(white arrow).

Fig. 2. Pure tone audiogram shows 
mild sensorineural hearing loss. A:  
Air conduction threshold of right ear. 
B: Air conduction threshold of left ear.
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first, but for sensorineural hearing loss, most cases cannot be 
cured surgically and hearing aids are the first choice. If the de-
gree of hearing loss is severe, a cochlear implant can be con-

sidered.
Sensorineural hearing loss accounts for about 90% of the 

total cases of hearing loss. Sensorineural hearing loss can oc-

Fig. 3. Transiently evoked otoacous-
tic emissions (OAE) (A) and distor-
tion product OAE (B) show robust 
responses in both ears.

Fig. 4. Auditory brainstem respons-
es show no discernible waveforms 
at stimulus using 90 dB nHL click 
sounds. Only broad wave I (white ar-
row) was recorded at maximum stim-
ulus level of 100 dB nHL.
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cur after damage to an auditory conduction pathway through 
the cochlea, auditory nerve, brainstem, or auditory cortex. In 
general, it is very rare that the origin of sensorineural hearing 
loss is damage to a central auditory conduction pathway. Clini-
cally, most cases of sensorineural hearing loss are caused by 
pathology of the cochlea. The outer hair cells of the cochlea 
are the primary sites which are involved, but sometimes the 
inner hair cells are also affected. No response to an OAE test 
reflects dysfunction of the outer hair cells. The ABR thresh-
old is also raised depending on the degree of damage to the 
hair cells. In some cases of sensorineural hearing loss, OAE 
responses are preserved but ABR responses appear absent or 
severely abnormal. In this case, an auditory neuropathy can 
be diagnosed [6]. Patients with an auditory neuropathy have 
quite normal function of the outer hair cells, but pathologies 
are in the inner hair cells or in an auditory conduction pathway 
from a type I auditory nerve to the brainstem [6,7].

In sensorineural hearing loss, the speech discrimination 
score is also decreased according to the elevation of the hear-
ing threshold. Consequently, hearing aids can be applied in 
the case of slight or moderate hearing loss. If the hearing loss 
is severe or profound, cochlear implants can be applied to re-
lieve extremely poor speech intelligibility. However, auditory 
neuropathy very commonly features poor speech discrimina-
tion regardless of the degree of hearing loss, in which case 
hearing aids do not assist speech intelligibility. In the cases 
of an auditory neuropathy caused by lesions in the inner hair 
cells, cochlear implants will be helpful, but their results will 
not be good if there are lesions in an auditory nerve or the 
brainstem. Thus, because of differences in the methods and ef-
fects of treatment, it is very important to identify an auditory 
neuropathy in patients with sensorineural hearing loss. If in-
fants with suspected hearing loss attend the hospital, an audito-
ry neuropathy can be identified without difficulty because im-
pedance audiometry, OAE and ABR are routinely checked. 
However, because adults with suspected hearing loss preferen-
tially undergo tests such as pure tone audiometry and a speech 
discrimination test, auditory neuropathy can often be missed. 
Because auditory neuropathy has a high prevalence of up to 
10% of cases of total sensorineural hearing loss [8], if an au-
ditory neuropathy is suspected clinically, it is necessary to 
perform additional tests of OAEs and ABRs to detect it.

Auditory neuropathy can result in a variable hearing thresh-
old from normal to profound deficits, and typically results in 
a poor speech discrimination score [6,7]. Therefore, if a pa-
tient’s speech discrimination score is decreased more than ex-
pected from the threshold level of a pure tone audiogram, it is 
advantageous to perform additional OAE and ABR tests to 
identify an auditory neuropathy. The age of onset of auditory 

neuropathy varies from birth to the 60s, but most cases are 
congenital [9]. Cases of an acquired auditory neuropathy have 
been reported to occur as hereditary progressive hearing loss 
and after viral infections [10,11], but there is no previously re-
ported case of an auditory neuropathy as a result of acute brain 
lesions such as brain infarction or hemorrhage; our case is the 
first report of acquired auditory neuropathy developed after 
brainstem hemorrhage. 

Hearing loss after stroke mainly occurs because of infarc-
tion of the anterior-inferior cerebellar artery [12], and hearing 
loss after a pontine hemorrhage is very rare [13-15]. Auditory 
information is conducted via the cochlea, vestibulocochlear 
nerve, cochlear nucleus, lateral lemniscus, inferior colliculus, 
and auditory cortex. The cochlear nucleus is bilaterally con-
nected to the inferior colliculus, so each auditory cortex re-
ceives auditory information passed from both sides of the co-
chlear nucleus. Therefore, bilateral hearing loss resulting from 
a pontine hemorrhage is estimated to be rare, but can occur 
when a massive hemorrhage occurs in the bilateral cochlear 
nuclei. In our patient, bilateral hearing loss occurred because 
of the large volume of bleeding (about 5 mL) in the central 
pontine region that contains the bilateral cochlear nuclei.

The axonal or demyelinating lesion of the auditory nerve 
are known to be the major pathophysiology of auditory neu-
ropathy, which results in the failure of precise synchroniza-
tion of the action potential generated at each nerve fiber and 
cause abnormal ABR waveforms [16]. Pontine hemorrhage 
can affect the ABR waveform because a duration of acute 
nerve compression of over 2 hours can cause Wallerian degen-
eration of neural tissue; if more time passes, extensive neural 
degeneration results [17]. Waves III–V of the ABR were lost 
in animals with a damaged trapezoid body [18]. In older pa-
tients in whom pontine infarction occurred in the lower end 
of the brain stem, ABR waves II–V were reported to be miss-
ing [19]. Our patient did not show any waveforms from the 
ABR except wave I. We thought that the disappearance of the 
waveforms II–V was caused by a large central pontine hema-
toma that compressed the bilateral cochlear nuclei in the pons. 

Varying degrees of recovery of hearing loss caused by pon-
tine hemorrhage have been reported. In the case of a 64-year-
old woman who had hearing loss caused by a pontine hemor-
rhage [14], the initial bilateral auditory threshold tests indicated 
mild hearing loss, while the speech discrimination scores on 
both sides were reduced to 0%. The patient recovered normal 
hearing after 1 year. Goyal, et al. [15] reported that a 51-year-
old patient with pontine hemorrhage showed a unilateral 
high-frequency hearing loss and a decrease in both speech 
discrimination scores (52% on the right side, 24% on the left 
side). This patient also recovered normal hearing thresholds 
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and his speech discrimination scores recovered to 80% and 
88% after 6 months. The patient of this report who had audi-
tory neuropathy after pontine hemorrhage showed partial re-
covery. Although he complained of hearing loss, hearing aid 
was not prescribed because hearing thresholds for both ears 
were well preserved (26 dB HL on the right ear and 32 dB 
HL on the left ear). Fortunately the speech discrimination im-
proved over time from zero to 44% in the right ear and 60% 
in the left ear, so he can easily communicate verbally with fa-
miliar people with aid of speech reading. In this case, it is im-
portant to incorporate communication strategies such as look-
ing at the patient when talking to him/her and minimizing the 
level of background noise.
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