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Abstract

Purpose of Review To examine the state of the literature as it applies to the treatment options for idiopathic sudden senso-
rineural hearing loss.

Recent Findings There is an overwhelming amount of data with regard to the management of iSSNHL with a variety of
treatment protocols and high spontaneous rates of recovery. Herein, we discuss the data surrounding antivirals, antioxidants,
vasoactive substances, systemic and intratympanic steroids, and hyperbaric oxygen therapy in the treatment of this condition.
Summary Heterogeneity of inclusion criteria, patient characteristics, control groups, and treatment regimens render it

difficult-to-impossible to generalize as to the efficacy of the below regimens.

Keywords Idiopathic sudden sensorineural hearing loss - Sudden hearing loss - Intratympanic steroids - Hyperbaric

oxygen - Review - Treatment

Introduction

Idiopathic sudden sensorineural hearing loss (iISSNHL) is an
uncommon condition affecting 5-27 per 100,000 people [1ee,
2], with approximately 66,000 new cases each year in the USA
[1ee]. Numerous etiologies have been posited, namely viral
infection, autoimmune or inner ear inflammatory processes,
vascular dysfunction causing cochlear hypoxia, and hydrops
causing inner ear membrane rupture [3, 4]. While circumstan-
tial evidence of ischemia and viral illness exist as possible eti-
ologies, human temporal bones from patients with iISSNHL
do not reflect labyrinthine ossification and no causative viral
organism has been successfully targeted or isolated from
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affected specimens [5—7]. The most commonly used audiomet-
ric criteria for iISSNHL is a SNHL of >30 dB in>3 consecutive
frequencies occurring within a 72-h window; however, in prac-
tice, far less rigor is applied to making such a diagnosis [1ee].
As the etiology of hearing loss is unknown and the loss of
hearing profoundly disconcerting to the patient [8—10], the pro-
verbial kitchen sink has been thrown at this desperate patient
population by well-meaning providers seeking to regain every
possible decibel. Various steroid preparations, vasoactive sub-
stances, vitamins, antioxidants, anticoagulants, and antivirals
have all been used, often haphazardly. The small sample sizes
and heterogeneity of inclusion criteria, audiometric definitions
of SSNHL, definitions of recovery, drug used, dosing, and
duration all complicate meaningful comparisons and pooling
of data. Furthermore, many studies administer several con-
comitant therapies, attempt salvage protocols, and have con-
trol groups that vary widely [1ee, 10—12]. The purpose of this
review is not to make recommendations as to treatment but to
inform the reader as to the higher-quality data available.

Antiviral Therapy
Stokroos et al. conducted a randomized control trial (RCT)
where 44 patients with iSSNHL received 1 week of intra-

venous prednisolone; half were given additional intrave-
nous acyclovir and the other half placebo; no significant
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effect on audiometric outcomes was demonstrated by add-
ing acyclovir [13]. Similar results were demonstrated in a
RCT conducted by Westerlaken et al. [14] and a Cochrane
review of four RCTs by Awad et al. [15].

Carbogen and Other Vasoactive Substances

Using carbogen (a mixture of 95% O, and 5% CO,) to treat
iSSNHL is predicated on the theory of vascular compro-
mise causing cochlear hypoxia. In Fisch’s study examin-
ing perilymph oxygenation in patients with iSSNHL, a
stapedotomy was made on anesthetized patients and an
oxygen sensor placed; they found that in the early stage of
treatment, the perilymph oxygenation level was only 30%
that of a normal ear and that inhalation of carbogen nearly
doubled the oxygen tension. The group then performed an
RCT examining carbogen inhalation versus intravenous
papaverine and dextran as a control group. Duration of
treatment was not clear. While there was no short-term dif-
ference in audiometric outcomes between the two groups,
they found significantly better speech-frequency pure tone
averages (PTAs) at 1 year (30.0 dB versus 16.6 dB) [4].
In 1997, Kallinen and colleagues performed a trial com-
paring three groups: anticoagulation (IV heparin followed
by warfarin) + betahistine for vasodilation, anticoagula-
tion + carbogen + betahistine, and carbogen + betahistine.
The authors found that the anticoagulation arm did best
when examining upward sloping audiograms while the
carbogen group was best for flat and downward sloping
audiograms. Combination treatment had its best results in
the 4000-8000 Hz range. While interesting, exact numeri-
cal improvements and statistical methods were unclear [3].

In a RCT comparing 5 days of treatment with oral (po)
prednisone to po placebo, carbogen inhalation, or room air
inhalation, Cinamon et al. found no differences in audio-
metric outcomes in the first month in 41 patients. Regard-
less of intervention, hearing was found to improve [16].

A Cochrane review from 2009 identified three low-
quality RCTs including 189 participants. The studies var-
ied significantly in substance and protocol, thereby not
allowing pooling of the results [17]. Ogawa’s RCT of IV
hydrocortisone + IV prostaglandin E1 versus IV hydrocor-
tisone + placebo yielded no benefit from the prostaglandin
[18]. Ni’s RCT comparing IV steroid, vitamin B, dextran,
salvise miltiorrhiaze, and po vitamin C and E compared
to the same regimen with added inhaled carbogen dem-
onstrated a significant benefit in hearing improvement in
the carbogen group (76.9% versus 50%) [19]. Poser’s RCT
included 80 patients receiving dextran with either placebo
or naftidrofuryl and found a 70% improvement in the low
frequencies in the treatment group compared to 40% in the
control group [20].
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Antioxidants

Antioxidants have been used in the treatment of iSSNHL
under the assumption that superoxide radicals may contrib-
ute to inner ear damage [21].

Ahn et al. conducted a RCT of 120 patients undergo-
ing either po steroid, low salt diet, and lipoprostaglandin E1
injections or the same regimen with adjunctive coenzyme
Q10 (CoQ) for 2 weeks thereafter. Intratympanic steroids
were also done in a salvage setting in both groups. CoQ is
a free radical scavenger that inhibits lipid peroxidation and
reduces alpha-tocopheroxyl to alpha-tocopherol in the inner
ear. The CoQ group did not have an improvement in PTA
but was found to have a significantly higher improvement in
speech discrimination score (36.9% versus 23.6%) compared
to the control group [22].

Joachims et al. conducted an RCT of 66 patients; half
the group got treatment consisting of po steroids, IV mag-
nesium, inhaled carbogen, and bedrest, while the other half
received the same regimen but with adjunctive vitamin E. A
recovery rate of 75% (as defined by the hearing gain divided
by the difference in interaural hearing level) was 78.8% in
the study group compared to 45.5% in the control group, a
significant difference. However, there was no difference in
rates of complete recovery between the groups [21].

In a case—control study by Angeli et al., N-acetylcysteine
(NAC) was used in combination with po +IT steroid, show-
ing a significant improvement in PTA when compared to
steroid alone, particularly at 4000 Hz. Patients receiving
NAC had higher recovery rates compared to the normal ear
in 63% compared to 35% for the steroid group at 6 months
[23]. Chen and Young’s case control study of 35 patients
receiving NAC alone versus 35 matched controls who
had received steroids, dextran, and gingko biloba showed
a significantly higher mean hearing gain of 43 dB for the
NAC group compared to 21 dB for controls and an over-
all improvement rate of 91% for NAC compared to 57% in
controls [24].

These studies are emblematic of many of the problems in
the iISSNHL literature with its complicated control groups,
multiple temporally spaced interventions, and difficult-to-
compare success metrics.

Magnesium

Due to magnesium’s role in regulating cellular membrane
permeability and its potential protective role in noise-
induced hearing loss, Gordin and colleagues performed a
RCT of 133 patients inhaling carbogen (control group), or
inhaling carbogen while also receiving IV magnesium sul-
fate. The mean improvement using the Shairashi equation
{Improvement rate (%)= 100 [(initial PTA — final PTA) /
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(initial PTA —PTA of opposite ear)]} was significantly
higher in the adjunctive magnesium group (66.4% versus
49.9%), and recovery was attained in 48% of the magne-
sium group compared to 31.6% of controls. The authors
also found that patients with vestibular symptoms and those
treated > 8 days after symptom onset had poorer recovery
[25]. In another RCT of 28 patients receiving either po ster-
oid and placebo or po steroid and magnesium aspartate, the
magnesium group had significantly higher hearing improve-
ments across all tested frequencies [26].

Corticosteroids

The American Academy of Otolaryngology-Head and Neck
Surgery’s (AAO-HNS) 2019 clinical practice guidelines
state that clinicians may offer steroids as initial therapy
within 2 weeks of onset of symptoms due to the small possi-
bility of hearing improvement despite mixed data. However,
they temper their guideline with a grade C recommendation
and a medium level of confidence in the available evidence.
The guidelines further state that an optimal treatment dose of
oral prednisone is 1 mg/kg/day in a single dose (maximum
60 mg) and a treatment duration of 10-14 days (60 mg pred-
nisone is equivalent to 48 mg methylprednisolone and 10 mg
IV dexamethasone). In patients with incomplete responses,
intratympanic (IT) steroid therapy should be offered between
2 and 6 weeks of symptom onset [1ee]. An international
consensus document from 2018 builds on the AAO-HNS
guidelines and calls attention to the impressive heterogene-
ity seen across studies, making it difficult or impossible to
compare outcomes across trials and reports [10, 27]. In the
multitude of reports included below, we recommend read-
ing the primary source with a close eye toward methodol-
ogy given the heterogeneity of control groups, definitions of
hearing recovery, various pure tone averages (PTAs), inclu-
sion criteria, and sample size.

Systemic Steroids Alone

Wilson’s 1980 landmark article [28ee] set the stage for the
use of steroids in iSSNHL. Their overall recovery in the
steroid group was 61% compared to 32% in the placebo
group, and all their patients had complete recovery in the
4000-8000 Hz range. The authors found that those with
profound hearing loss had lower rates of recovery and that
the relative odds favoring recovery in the steroid group was
4.39. However, there are a number of methodological issues
with the study that should cause significant pause. A total of
67 patients were included (34 controls, 33 placebo), but 52
additional patients who declined to participate were added

to the control group for analysis. The intervention group
received two different steroid doses thought to be “roughly
equivalent,” but it is clear that upon examining the dosages
administered, there was little-to-no standardization. Addi-
tionally, method of randomization and duration of therapy
were not discussed. One should interpret the results of this
article with caution.

Nosrati-Zarenroe’s RCT of adult patients in Sweden
examined those getting po prednisolone (8 days of steroid
if complete recovery and an additional 22 days of lower-
dose steroid if incomplete) and placebo. There was no dif-
ference in hearing improvement at day 8 or at 3 months.
The investigators did however find that while those with
abnormal imaging findings and initial vertigo had worse
hearing recovery, those with abnormal lab values had better
recoveries [29e].

A Cochrane review by Wei et al. identified 3 trials includ-
ing 267 patients; all studies were at high risk of bias, and
in two-thirds, there was no effect from steroid on hearing
recovery. Heterogeneity was considered too great to draw
firm conclusions [12].

A retrospective analysis of 318 iSSNHL patients examin-
ing steroid treatment in 266 patients within 1 month versus
52 receiving no treatment showed no difference in the mean
PTA improvement based on treatment but a higher speech
intelligibility score in the treated group. In those with initial
PTAs > 60 dB, PTA in the treatment group improved signifi-
cantly more. The authors used a 15 dB improvement as their
definition of recovery, with a 51% success rate compared
to 31% of untreated patients spontaneously recovering [5].

Intratympanic Steroids Alone

The rationale for IT as opposed to systemic steroid admin-
istration is the higher inner ear concentrations achievable
without the systemic effects of po or intravenous steroid
administration [2]. While often given in conjunction with
systemic steroid or as a salvage treatment after a course of
systemic steroid (both of which will be discussed later in
this article), there are data regarding its use in isolation. IT
injections are relatively low risk, with major adverse effects
being transient vertigo, pain, or a residual tympanic mem-
brane perforation rate of <2.0% [30, 31].

Filipo et al. conducted an RCT examining 50 patients
with flat, moderate hearing loss. Half the cohort received
three consecutive daily injections of prednisolone compared
to a placebo group receiving saline. All patients with incom-
plete recovery by day 7 were given po prednisolone adjunc-
tively. While there was a huge difference in the complete
recovery rate for the steroid group by day 7, by 30 days,
the complete recovery rates for both groups were similar
and high. However, a substantially higher proportion of the
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control group had exhibited no recovery by the final time
point (28% versus 4%) [32].

Garavello et al. performed a meta-analysis of 11 RCTs
involving nearly 1000 patients, including 4 studies examin-
ing primary IT treatment and 7 analyzing IT steroids in the
salvage setting. There was statistically significant benefit in
the majority of primary and salvage trials; however, there
was a lot of heterogeneity in study protocols. Concomitant
systemic therapy and a multitude of divergent control groups
make it impossible to coherently generalize the results [11].

A small retrospective series of 21 patients receiving
weekly IT methylprednisolone found an overall response to
treatment of 67%, with treatment initiation < 14 days being
the only significant predictor of a positive response [33]. In
another retrospective series of 25 patients given IT methyl-
prednisolone or dexamethasone, there was an average PTA
and speech discrimination improvement of 27.2 dB and
25.4%, respectively. Treatment within 10 days was found
to make a large, significant difference in terms of speech
reception thresholds and PTA [34].

Combination Systemic and IT Steroid

An RCT by Ahn and colleagues dividing 120 patients into getting
po methylprednisolone and IT dexamethasone versus po meth-
ylprednisolone alone showed similar recovery rates and PTA
changes between the two groups. However, upon frequency-
specific analysis, adding IT dexamethasone improved hear-
ing at 250 Hz [35]. Battaglia’s multicenter RCT of 51 patients
had three treatment groups: (A) IT dexamethasone with pla-
cebo taper, (B) po prednisone with placebo injection, and (C)
combination IT dexamethasone and po prednisone. This last
combination group had a 44% increase in speech discrimina-
tion and 40 dB improvement in PTA, with significantly higher
values than those in group B. Combination therapy was inde-
pendently associated with better outcomes if hearing was bet-
ter than profound and had the shortest mean time to recovery
[36]. Similarly good results were demonstrated in Gundogan’s
RCT of 73 patients receiving combination therapy compared
to systemic treatment: significantly larger increases in PTA and
speech discrimination scores were found in the combination
group overall and at severe hearing losses for the entire fre-
quency spectrum [37].

One retrospective series of 37 patients who all received a
prednisone taper and a 2-week series of IT dexamethasone
injections with two different steroid concentrations (10 ver-
sus 24 mg/mL) showed significantly higher recovery rates in
the higher concentration group. The authors also found that
the probability of significant PTA improvement decreased
from a maximum of 0.93 if one started treatment on the day
of symptom onset to < 0.05 if one started treatment 3 weeks
later [38]. A RCT is necessary to determine the true effect of
higher concentration solutions on hearing recovery.
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Intratympanic Steroids in the Salvage Setting

IT steroids are often administered in the salvage setting,
most often via repeated transtympanic injections, but also
through tympanostomy tubes and round window microcath-
eters. The AAO-HNS recommends IT steroid in the salvage
setting within 2—6 weeks of symptom onset [1ee].

In a meta analysis by Vlastarakos et al., 525 patients
received systemic steroids with effective IT salvage; however,
a complete hearing recovery was only reported in a total of
13.4% of these patients. A window of 1-4 weeks from onset
of symptoms was identified. Six studies using salvage round
window membrane perfusion in 87 patients were also ana-
lyzed, with a return to baseline hearing status in 21.3% [39].

In two other meta analyses of RCTs by Li and Ng from
2015, 5 studies were identified with 102 IT salvage patients
and 101 controls. In Li’s analysis, the mean PTA improve-
ment was 7.43 dB, which was statistically significant [40].
Ng also showed a significant reduction in PTA in the steroid
group, and noted better results with IT as opposed to round
window catheter. Results with dexamethasone were signifi-
cantly better than with methylprednisolone [41]. A system-
atic review by Spear and Schwartz examined 8 randomized
studies, with the vast majority showing benefit of salvage IT
steroid (mean difference in improvement of 13.3 dB) [42].
A meta-analysis by Crane showed that IT steroids appeared
effective in the salvage setting (OR 6.04 for recovery) but
cautioned that the observed effect was likely from inade-
quate randomization and small sample sizes [43].

There are numerous retrospective series examining the
administration of IT steroid in the salvage setting. Type
and duration of steroid used, initial systemic treatment, and
method of IT steroid administration all varied greatly, and
their results should be examined with a critical eye. Haynes
et al. injected 40 patients with a single dose of IT dexameth-
asone, and 27.5% showed significant improvement, with bet-
ter outcomes in those receiving treatment in < 6 weeks from
symptom onset. When excluding these late injections, the
improvement rate was 39.3% [44]. Choung’s case—control
series of patients receiving 4 IT dexamethasone injections
over 2 weeks compared to those who opted out of treatment
showed 39.4% of the treatment group improving their PTA
by > 10 dB compared to 6.1% of the control group [45]. Sim-
ilarly, Dallan administered a single dose of IT steroid, with
significant decrease in PTA and 55% with useful improve-
ments in hearing [46]. Using 3 salvage IT triamcinolone
treatments, Andrianakis noted a mean hearing improvement
of 15.9 dB and a complete or partial recovery in 57.9% [47].

Route of administration has also been examined. In a RCT
examining steroid administration via tympanostomy tube ver-
sus steroid injection, there were no differences in audiometric
outcome. However, patients with the tympanostomy tube had
significantly shorter wait times and better overall satisfaction
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[48]. When using a Silverstein microcatheter placed in the
round window niche, she noted a significantly higher percent-
age improving and larger PTA improvements in the catheter
group. It should be noted that some patients in the treatment
group also underwent hyperbaric oxygen and received riba-
virin [49]. Chou et al. compared continuous transtympanic
therapy to intermittent injections and noted a significantly
higher improvement in PTA and speech discrimination scores
in the transtympanic group [50]. Vanwijk et al. also showed
31.2% of patients improving their PTA and 54.5% improving
speech intelligibility using the microwick [51].

Systemic Versus IT Steroid

Numerous trials, series, and meta-analyses have compared sys-
temic to IT steroid administration, with many trials showing
essentially equivalent audiometric results using a variety of reg-
imens [2, 43, 52-56]. Select trials have shown a distinct benefit
at the higher frequencies in favor of the systemic steroid group
[52]. In contrast, Kosyakov’s trial of 73 patients getting either
IT steroid through a tympanostomy tube over 6 months, 15 days
of IV steroids and multiple other medications, or 15 days of IV
steroids, there was a significant advantage in hearing recovery
at all frequencies for the IT group at 6 months [57].

In the various trials, systemic steroids had a more severe
adverse effect profile, including changes in mood, sleep, appetite,
weight, and glucose regulation, compared to significant injection
site pain and vertigo and rare systemic effects for IT steroid [2].
From a cost perspective, 2 weeks of po steroid is <$10, while 4
IT injections present significant monetary costs in addition to
the societal costs of going to appointments and not working [2].

Hyperbaric Oxygen Therapy

Hyperbaric oxygen therapy (HBOT) is used in the treatment
of iSSNHL with the goal of increasing cochlear oxygen ten-
sion. The 2019 AAO guidelines do not recommend HBOT but
make it available as an option when combined with primary
treatment within 2 weeks of symptom onset or in the salvage
setting within 4 weeks of symptom onset [1ee]. HBOT is often
costly and not routinely covered by insurance companies.

In a series of 102 patients receiving either IV steroid with or
without adjunctive HBOT, those receiving adjunctive HBOT
had significantly larger hearing improvements in the lower
frequencies after 10 days. This effect was particularly true for
those with severe-to-profound initial losses [58]. In an RCT of
136 cases receiving either medical treatment (systemic steroid,
several vitamins, anticoagulants, and nerve growth factors) with
or without HBOT, the success rate (> 15 dB PTA improvement)

was significantly higher for the HBOT group compared to the
medical therapy alone group (60.6% versus 42.9%) [59].

In a meta-analysis comparing HBOT to IT steroid in the
salvage setting, there were no significant differences between
the proportion exhibiting hearing improvement and there
was no difference in changes of PTA [60].

A recent meta-analysis by Joshua et al. examined three
RCTs with a total of 88 patients receiving HBOT in addition
to medical therapy while 62 patients received only medical
therapy. The HBOT group had an additional hearing gain
of 10.3 dB and an odds ratio of 4.3 for hearing recovery.
However, the regimens of medical therapy as well as fre-
quency and duration of HBOT varied widely. All studies had
concerns for bias and were rather heterogeneous [61]. Rhee
and colleagues also a performed a meta-analysis including
3 RCTs and 16 non-randomized studies analyzing the effect
of adjunctive HBOT in 2401 patients. Pooled odds ratios of
1.61 and 1.43 were calculated for complete and partial hear-
ing recovery with HBOT, respectively. The weighted mean
difference in absolute hearing gain was 8.74 dB in the HBOT
group. The authors also noted that HBOT was most effective
in severe-to-profound hearing loss and if administered at
least 20 h [62]. Another large systematic review identified
a number of trials in which adjunctive HBOT had utility in
the severe-to-profound setting when combined with systemic
steroids [63]. Regimens were again quite heterogeneous and
make generalization difficult [62, 63].

Conclusions

There is an overwhelming amount of data with regard to
the management of iSSNHL with a variety of treatment
protocols and high spontaneous rates of recovery. We rec-
ommend that readers critically examine individual studies
for methodology and engage the patient in shared decision
making to chart the most reasonable course forward. We call
on the broader otolaryngology community to collaborate on
large, multicenter, randomized control trials with rigid treat-
ment protocols to obtain the highest quality data possible to
inform decision making.
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