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Sudden sensorineural hearing loss

Benjamin E Schreiber, Charlotte Agrup, Dorian O Haskard, Linda M Luxon

Sudden sensorineural hearing loss is usually unilateral and can be associated with tinnitus and vertigo. In most cases
the cause is not identified, although various infective, vascular, and immune causes have been proposed. A careful
examination is needed to exclude life threatening or treatable causes such as vascular events and malignant diseases,
and patients should be referred urgently for further assessment. About half of patients completely recover, usually in
about 2 weeks. Many treatments are used, including corticosteroids, antiviral drugs, and vasoactive and oxygen-based
treatments. Although no treatment is proven, we recommend a short course of oral high-dose corticosteroids. There
is much to learn about pathogenesis of sudden sensorineural hearing loss, and more clinical trials are needed to

establish evidence-based management.

Introduction

Hearing loss is common, affecting about a fifth of the
population in the UK, and can be defined by site of
disease, severity, audiometric configuration, and method
of onset.! In adults, progressive late onset sensorineural
hearing loss (so-called presbyacusis) is the most common
presentation and is often associated with a genetic
predisposition, exposure to excessive noise, or age-related
pathological changes. Sudden sensorineural hearing
loss—described by De Kleyn in 1944, and defined as
hearing loss of at least 30 dB in three sequential
frequencies in the standard pure-tone audiogram over
3 days or less’—is less common than is late onset loss.
National surveys*® have estimated the incidence of
sudden sensorineural hearing loss at between five and
30 cases per 100000 per year. However, a study’ from
Germany has shown an incidence as high as 160 cases
per 100000 per year.

Rapidly progressive sensorineural hearing loss, which
develops over weeks to months, has also been described.*®
However, these patients often initially present with a
sudden sensorineural hearing loss, followed by a rapid
progression or additional sudden drops in hearing.
Sudden and rapidly progressive sensorineural hearing
loss have many common features and possible causes,
and we suggest that they should be investigated and
managed in a similar way.

Patients with sudden sensorineural hearing loss often
delay seeking medical attention, or might present to a
range of specialties, including primary care, oto-
laryngology, audiovestibular medicine, and internal
medicine. In primary care and non-specialist depart-
ments, patients can be inappropriately reassured, without
investigation, in the mistaken view that the loss is
attributable to middle-ear dysfunction secondary to upper
respiratory tract infection.

Detailed investigation will show a specific cause in about
10% of patients.’ The term idiopathic sudden sensorineural
hearing loss is often used to describe the remainder of
patients. An important, but poorly recognised, cause of
sudden sensorineural hearing loss is immune-mediated
inner-ear disorders, including both organ-specific inner-
ear disease and systemic autoimmune disorders. The
condition is also associated with posterior circulation
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events, coagulation disorders, neoplasms, demyelinating
disease, and various infections. Therefore, investigation
for systemic disorders should be done for all patients.
Published work on this topic is confusing, and approaches
to diagnosis and management vary widely." This Seminar
presents a practical framework for assessment and
management of this disorder.

Clinical presentation

Population studies of sudden sensorineural hearing loss
show a wide age distribution, with an average of
50-60 years and no sex preference. The hearing loss is
unilateral in most cases, with bilateral involvement
reported in less than 5%." The severity of hearing loss is
divided roughly equally into mild, moderate, and severe-
profound. The configuration of the hearing loss varies
and can affect high, low, or all frequencies. Tinnitus
occurs in about 80% of patients, and vertigo, indicating
an associated peripheral vestibular dysfunction, in about
30%.” Up to 80% of patients report a feeling of ear
fullness.” Other common complaints are of the ear
feeling numb or blocked. Sudden sensorineural hearing
loss can present as an isolated problem, as the presenting
symptom of systemic disease, or in the course of an
established diagnosis.

Causes

Infectious causes

The precise cause of sudden sensorineural hearing loss
has not been identified, but several pathophysiological
mechanisms have been proposed. Evidence from case
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We searched the Medline, Embase, and Cochrane databases for relevant studies, including
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that we judged relevant. We largely focused on publications in the past 5 years, but have
included commonly referenced and highly regarded older publications. Several review
articles are also included because they provide comprehensive overviews that are beyond
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series” suggests that mumps virus can be a cause,
accounting for about 7% of adult cases.” Varicella-zoster
virus can also cause such hearingloss in patients presenting
with Ramsay Hunt syndrome (herpes zoster oticus).”
Serological data for other viruses are conflicting and
incomplete. Investigators of an early study in Boston, MA,
USA,” detected seroconversion with mumps, rubella,
varicella zoster virus, cytomegalovirus, or influenza in 63%
of 122 patients; whereas in a Greek series,” serological tests
indicated recent infection with Epstein-Barr virus, herpes
simplex type I and II virus, or cytomegalovirus in 27% of
262 patients with unilateral sudden sensorineural hearing
loss. An Israeli report” of 48 patients showed positive
serology for Epstein-Barr virus in three patients (6%),
enterovirus in one (2%), and cytomegalovirus in none. By
contrast, a German study® of 55 patients reported no
evidence of herpes simplex virus and varicella zoster virus,
but enterovirus serology was positive in 40% of patients.
Thus, many viruses have been postulated as possible
causes of sudden sensorineural hearing loss, but
serological, epidemiological, and histopathological data are
not conclusive.”

In a small study of 20 patients,” investigators recorded
no rise of interferon-a/B-inducible MxA protein in
peripheral leucocytes or measurable interferon-a activity
in serum, both of which are markers of a systemic viral
infection. Bacterial meningitis is a well recognised cause
of sensorineural hearing loss,” affecting up to 35% of
survivors;* lyme disease should be considered in endemic
areas,” and lassa fever has been reported as a common
cause in west Africa.”* Sudden sensorineural hearing loss
has also been described as a presenting feature of
fungal meningitis,” otosyphilis,® HIV,” and, rarely,
Creutzfeldt-Jakob disease.”

Vascular causes
The cochlea is supplied by an end artery, and vascular
occlusion was postulated as a cause for sudden
sensorineural hearing loss as early as 1949.” Studies have
investigated several possible mechanisms including
atherosclerosis, hypotension, thrombophilia, vasospasm,
hyperviscosity, and paradoxical embolism. However,
there is no hard histological evidence for vascular
occlusion being a common cause of this disorder.”
Despite much published work, large longitudinal
epidemiological studies are not available to establish
whether sudden sensorineural hearing loss is associated
with traditional cardiovascular risk factors. Hyper-
cholesterolaemia is associated with this disorder in some
case-control series” ™ but not in others.”* Such hearing
loss can be more common and more severe in patients
with diabetes mellitus than in other patients,” and can be
a presenting symptom.* There does not seem to be a
clear association with smoking or hypertension. A small
[talian case-control study® in young adults with sudden
sensorineural hearing loss has shown resting blood
pressure to be about 10 mm Hg lower than in healthy

controls, leading to the suggestion that systemic
hypotension can lead to sympathetic mediated vaso-
constriction causing cochlear hypoxia.

Some evidence suggests that sudden sensorineural
hearing loss is associated with both acute and increased
long-term risk of stroke. In a prospective series of
364 patients with acute stroke in the posterior circulation,®
hearing loss occurred in 8%, sometimes preceding the
stroke by several days. Occlusion of the anterior inferior
cerebellar artery is associated with vertigo, nystagmus,
facial weakness, and gait ataxia in addition to sudden
sensorineural hearing loss.” Vertebral artery dissection is
occasionally the cause, and is associated with occipital and
neck pain.”? A study from Taiwan® based on national
health insurance claims noted that admission to hospital
with the principal diagnosis of sudden sensorineural
hearing loss was associated with a significant increase in
the hazard of stroke during the subsequent 5 years
compared with patients of similar ages admitted with
appendicectomy (12-8% in patients with sudden
sensorineural hearing loss vs 7-8% in controls, p<0-001).
The patients with hearing loss had significantly higher
rates of hypertension, hypercholesterolaemia, and diabetes
mellitus, but after adjustment for other factors, the hazard
of stroke during the 5-year follow-up period was 1- 64-times
(95% CI 1-31-2-07; p<0-001) greater for patients with
hearing loss than for those undergoing appendicectomy.”

In small exploratory unreplicated studies, associations
have been suggested between sudden sensorineural
hearing loss and right to left shunts and mitral valve
prolapse. In a small Japanese study,* transcranial doppler
ultrasonography with saline contrast was undertaken for
23 patients with this disorder and 46 controls who were
matched for age, sex, and cardiovascular risk factors.
48% of patients had right to left shunts compared with
17% of controls (p=0-011).# A Spanish study compared
echocardiographic findings in 86 patients with sudden
sensorineural hearing loss with 263 controls. The
reporting cardiologist was masked to patient diagnosis.
Mitral valve prolapse was noted in 29-1% of patients
versus 2-7% in healthy controls (p<0-001).* The
mechanism for this proposed association is not clear, and
no link has been established between mitral valve
prolapse and thromboembolic disease.*

Studies have shown no association with inherited
thrombophilic risk factors such as prothrombin and
factor V Leiden gene mutations.”* Reports of mutations
in methylene-tetrahydrofolate reductase are conflicting.
One study” reported an increased incidence of a platelet
GPIaC807T polymorphism in 53-5% of patients with
sudden sensorineural hearing loss compared with 38-2%
of controls. Isolated case reports of sudden sensorineural
hearing loss have been published in the context of
hyperviscosity syndromes such as sickle-cell syndrome,”
Waldenstrom’s macroglobulinaemia,” and myeloma;™
vascular pathology might be the underlying mechanism
for the isolated reports in giant-cell arteritis,” Takayasu’s
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arteritis,*  Wegener’'s  granulomatosis,”  systemic
sclerosis,® Sjogren’s syndrome,” relapsing poly-
chondritis,” and polyarteritis nodosa.” Sensorineural
hearing loss is common in patients with Behget’s
syndrome,* and can be sudden in onset.” Asymptomatic
hearing loss can be common in patients with systemic
lupus erythematosus;” however, sudden sensorineural
hearing loss has been described in a few cases of systemic
lupus  erythematosus, and these patients had
antiphospholipid antibodies.” The relation between
antiphospholipid antibodies and such hearing loss is still
debated.” Abrupt, severe, and irreversible sudden
sensorineural hearing loss has been described in
13 patients with migraine. In all patients the headache
preceded the hearing loss, and in 12 patients vertigo
followed.” Susac and colleagues® described a rare
microangiopathy affecting the brain and the retina,
causing a clinical triad of subacute encephalopathy, visual
loss secondary to retinal artery branch occlusions, and
sensorineural hearing loss. The hearing loss is frequently
sudden and usually bilateral.

Miscellaneous causes

Endolymphatic hydrops, an excess of endolymph in the
scala media of the labyrinth, is a pathological finding that
is commonly associated with Méniere’s disease—a clinical
diagnosis, which classically presents with sudden
unilateral hearing loss, tinnitus, and vertigo. The sudden
sensorineural hearing loss associated with Méniere’s
disease is often accompanied by aural fullness, is rarely
severe in the first instance, often recovers within 2-3 days,
and almost always recurs. Tinnitus tends to be severe and
intrusive, and can precede hearing loss or vertigo. The
underlying pathophysiological mechanism of endo-
lymphatic hydrops remains obscure, although several
pathways have been proposed.” Endolymphatic hydrops
has also been reported with other otological disorders,
including so-called immune-mediated inner-ear disorder
and pathological changes giving rise to sensorineural
hearing loss such as syphilitic labyrinthitis.

Sudden sensorineural hearing loss is sometimes asso-
ciated with systemic immune-mediated diseases. More-
over, patients with this disorder can have evidence of T-cell
and antibody recognition of inner-ear antigens.*® However,
the role of tissue-specific immune-responses is poorly
defined. In Cogan’s syndrome, IgG immunoglobulins
have been detected against a supporting cell protein within
the sensory epithelia of the inner ear (DEP-1/CD148) and
connexin 26 (a gap junction protein), and these antibodies
led to sensorineural hearing loss in mice.®

Several genetic diseases have been linked with sudden
sensorineural hearing loss, including mutations of GJB2
(DNFBI; encoding connexin 26), the presence of a widened
vestibular aqueduct in Pendred syndrome, branchio-oto-
renal syndrome, renal tubular acidosis, and Fabry’s
disease.””” Mutations in the mitochondrial 12S ribosomal
RNA gene are associated with rapidly progressive sudden
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sensorineural hearing loss secondary to an increased
susceptibility to aminoglycoside ototoxicity.”

The most common neoplastic disease associated with
sudden sensorineural hearing loss is acoustic neuroma
(vestibular schwannoma), which usually presents with
unilateral tinnitus and progressive sensorineural hearing
loss, although it can present with sudden loss in a few
cases.” The sudden sensorineural hearing loss associated
with acoustic neuroma can recover spontaneously.”
Sudden sensorineural hearing loss has also been reported
with various cerebello-pontine angle lesions, including
meningioma.*” Sudden sensorineural hearing loss can
rarely be seen as a paraneoplastic occurrence, sometimes
in association with paraneoplastic sensory neuronopathy,”
or as a complication of meningeal carcinomatosis.” It has
also been reported as a presenting symptom of chronic
myeloid leukaemia.®

Sudden sensorineural hearing loss commonly occurs
with head injury and rarely after whiplash,® cliff
jumping,” and diving decompression sickness.® Blast
injuries, diving, flights in unpressurised aircraft, and
even raised intracranial pressure during sneezing can
lead to perilymphatic fistula with sudden sensorineural
hearing loss and commonly vertigo.*

Many drugs have been associated with ototoxicity, but
the hearing loss is usually slowly evolving. Nonetheless,
there are case reports of sudden sensorineural hearing
loss associated with penicillin,® oestrogens,* phospho-
diesterase-5 inhibitors,” pegylated interferon and
ribavirin,* aminoglycosides,” chemotherapeutic agents,”
and intravenous cocaine use.” This disorder has been
described many years after radiotherapy, but causation
has not been proven.” Occasionally it can occur in
association with general anaesthesia and both general”
and otological surgery such as stapedectomy.”

Unilateral or bilateral sudden sensorineural hearing
loss can present during the course of demyelination or
as the initial symptom,” and there is often complete
recovery. The lesion is proposed to be in the
intramedullary auditory nerve or cochlear nucleus.” MRI
imaging shows enhancing lesions at the root entry zone.”
Hearing loss occurs in 20% of cases of neurosarcoidosis,
and sudden sensorineural hearing loss can be the
presenting symptom alone® or in combination with
other neurological signs. Such hearing loss is seen in
association with psychogenic events in about 2-5% of
cases, mostly in young women.” Pseudohypacusis, in
which hearing loss is apparent in the absence of clinical
or audiological evidence, is a not infrequent cause of
apparent sudden hearing loss in school-aged children
and young women."" Other rarely reported asso-
ciations include ulcerative colitis,” Crohn’s disease,"”
Vogt-Koyanagi-Harada syndrome," and Langerhan’s cell
histiocytosis.” Sudden sensorineural hearing loss is
rarely associated with pregnancy."

The rare combination of hearing loss and inflammatory
eye disease is termed Cogan’s syndrome. About half of
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Figure 1: Pure tone audiogram showing serial results of audiometric thresholds
in a case of a unilateral, sudden, sensorineural hearing loss of undiagnosed
cause, with spontaneous recovery in a 48-year-old white man

patients present with sudden sensorineural hearing loss,
which is usually bilateral, but asymmetric, and often
progressive over 1-3 months." It is often accompanied by
acute vertiginous episodes and balance loss, indicating
accompanying vestibular pathology.™ The most feared
complication, reported in about 10% of cases, is a medium-
large vessel vasculitis. Aortitis can lead to aneurysmal
dilatation, aortic regurgitation, and rarely aortic rupture.

Clinical assessment

A thorough history and detailed medical examination is
mandatory, with special attention directed toward the
otolaryngological and neurological aspects. Clinical
examination will be guided by the patient’s history, but
should include otoscopy to exclude cerumen impaction,
middle-ear effusion, infection, mass or a perforated
tympanic membrane, and the Rinne and Weber test to
screen for a conductive or sensorineural hearing loss. Any
patient with sudden hearing loss should have an urgent
assessment with a minimum of pure tone audiometry
(with air and bone conduction thresholds) to avoid the
pitfall of misdiagnosis of a middle-ear pathological change.
When a sudden hearingloss is confirmed as sensorineural,
an urgent referral to an otolaryngologist or audiovestibular
physician should be made.

Patients with confirmed sudden sensorineural hearing
loss should undergo a neuro-otological examination to
establish the presence or absence of concomitant peripheral
or central vestibular dysfunction. This assessment should
include examination of gait, eye movements for nystagmus
(spontaneous, positional, and optokinetic nystagmus),
convergence, smooth pursuit, saccades, and cranial
nerves.” The detailed neurological examination should
focus on evidence of inner-ear dysfunction, cerebellopon-

tine angle lesions, posterior circulation abnormalities, or
demyelination. Cardiovascular examination should exclude
atrial fibrillation, aortic and mitral murmurs, and carotid
bruits. Aortic valve murmurs will prompt consideration of
Cogan’s syndrome, whereas atrial fibrillation, mitral valve
murmurs, or bruits will raise the suspicion of thrombo-
embolic disease. An electrocardiogram is indicated to
exclude atrial fibrillation.

Pure tone audiometry (with air and bone conduction
thresholds) and impedance studies will differentiate
conductive from sensorineural loss and define the
severity and configuration of impairment, providing a
baseline for assessment of recovery and the efficacy of
treatment. An otolaryngologist or audiovestibular
physician might request additional audiovestibular tests
to identify the site of pathological change and to elucidate
the nature of vestibular symptoms, which could indicate
specific diagnoses. For example, stapedial reflex threshold
and auditory brainstem evoked response abnormalities
might suggest auditory neuropathy;™ visuo-vestibular
dysfunction might raise the possibility of multiple
sclerosis, whereas a sudden profound vestibular loss in
the ear opposite to sudden sensorineural hearing loss
might suggest the possibility of Cogan’s syndrome.

Blood tests appropriate to most cases include full blood
count, erythrocyte sedimentation rate, C-reactive protein,
antinuclear antibodies, anticardiolipin antibodies, lupus
anticoagulant, antineutrophil cytoplasmic antibodies,
clotting factors, and syphilis serology. Patients with
positive anticardiolipin antibodies or lupus anticoagulant
and negative syphilis serology should undergo repeat
testing 6-12 weeks later.

Investigators of a prospective series of MRI of the
brain and inner ears in patients with sudden
sensorineural hearing loss referred to a university
hospital in Helsinki, Finland,™ and attending an
emergency room in Sdo Paulo, Brazil," detected acoustic
neuroma in about one in 20 patients. By contrast,
acoustic neuroma is rarely noted in asymptomatic
patients.”™ The British Association of Otolaryngologists-
Head and Neck Surgeons recommends that any patient
complaining of unilateral or asymmetrical auditory
symptoms (either hearing loss or tinnitus), whether of
progressive or sudden onset, in whom there is no other
obvious cause, should be screened for acoustic neuromas
with MRI, even if the auditory brainstem response is
normal.™ Other abnormalities that can be detected
include meningiomas, demyelination, and evidence of
thrombotic and haemorrhagic vascular events.”™"

Prognosis

The prognosis in cases of isolated sudden sensorineural
hearingloss is generally good, and improvement within
a matter of days is common (figure 1). Patients in
whom there is no change within 2 weeks are unlikely
to show much recovery." Despite some evidence in
case series linking prognosis to severity of hearing
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In a multicentre randomised controlled trial,™
methotrexate was no more effective than was placebo in
maintaining the hearing improvement of patients with
idiopathic, progressive, bilateral hearing loss who
responded initially to prednisolone. Case reports have
shown variable benefit of the use of other immuno-
suppressants (cyclophosphamide, azathioprine, myco-
phenolate mofetil) in patients with progressive idiopathic
sensorineural hearing loss,” but no studies have been
done in sudden sensorineural hearing loss.

Patients with Cogan’s syndrome have been treated with
intravenous and oral corticosteroids, usually with more
substantial improvement in the ocular than in the audio-
vestibular symptoms. Various immunosuppressants
have been tried empirically, and methotrexate was
reported to improve hearing in four patients and
stabilised hearing in two others.” Infliximab might also
have a role.” In our clinical experience, patients with
Cogan’s syndrome can need continuous immuno-
suppressants to retain audiovestibular function.

In cases in which a vascular cause is not excluded,
empiric low-dose oral aspirin could be of benefit. To our
knowledge, no data are available for the use of warfarin
to treat patients with sudden sensorineural hearing loss,
and little evidence for use of heparin* and intravenous
thrombolytics." Optimum management of patients with
sudden sensorineural hearing loss and antiphospholipid
antibodies or lupus anticoagulant is controversial. No
evidence base is available to guide treatment of patients
with persistent high titre IgG anticardiolipin antibodies,
but anticoagulation can be considered. A UK study'
suggested long-term treatment with warfarin to maintain
an international normalised ratio between 3 and 4, but
this recommendation is debated.

Several other treatments have been investigated because
of speculation about pathogenesis. Treatment with antiviral
agents (eg, aciclovir, valaciclovir) has not shown benefit in
randomised controlled trials.”” No high-quality randomised
controlled trials have shown evidence of benefit of vasoactive
treatments, such as plasma expansion with hydroxyethyl
starch or dextran, plasmapheresis, and vasodilators
(eg, pentoxyfilline or prostacyclin analogues).® A meta-
analysis* of randomised controlled trials based mainly on
trials undertaken in China suggested that prostaglandin E,
provides some benefit. A Cochrane database systematic
review' of vasoactive therapies in sudden sensorineural
hearing loss reported no evidence of effectiveness. Stellate
ganglion blocks have also been examined to achieve
vasodilatation via sympathetic blockade.*

A systematic review” showed no evidence of benefit
with hyperbaric oxygen therapy. Oral magnesium was
associated with benefit in a small randomised controlled
trial** comparing treatment with steroid and magnesium
with steroid and placebo. Treatment with carbogen, a
gaseous mixture of 5% carbon dioxide and 95% oxygen
has been investigated in two small randomised controlled
trials with variable benefit.""®

Small series have been reported with other therapies
including ginkgo biloba and vitamin E without good
evidence of benefit. Traditional Chinese approaches have
included acupuncture,” Chinese medicine,”* and even
ocular needling.”* Exploratory tympanotomy was thought
to be of benefit in uncontrolled retrospective series.” It is
indicated for the management of sudden sensorineural
hearing loss occurring in the context of head trauma,
barotrauma, and chronic otitis media with cholesteatoma,
and in patients with congenital inner-ear abnormalities.

Patients with persistent symptoms should be referred
to the appropriate specialists for continuing management
of their auditory symptoms. This management can
include counselling, information about lifestyle changes,
and techniques (such as amplification) for overcoming
the communication handicap that hearing loss im-
poses.”® Patients should be considered for audiological
rehabilitation, and those with persistent tinnitus might
benefit from tinnitus retraining therapy."”

Conclusions

Most patients with sudden sensorineural hearing loss
cannot be given a cause for their diagnosis. Patients with
sudden hearing loss presenting to general practice should
be assessed with a minimum of pure tone audiometry
(with air and bone conduction thresholds), and those
with sensorineural hearing loss should be urgently
referred to a specialist. A careful assessment is necessary
to exclude life threatening or treatable causes such as
vascular events and malignant disease. About half of
patients show complete recovery, usually in about
2 weeks. We recommend that patients with sudden
sensorineural hearing loss with no clear underlying
cause after investigation are treated with a short course
of oral prednisolone started within 2 weeks after onset.
Much needs to be learnt about pathogenesis, and more
clinical trials are necessary to establish evidence-based
treatment. The strategy outlined in this Seminar provides
a pragmatic approach to the management of this complex
and poorly understood group of patients.
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