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Abstract. Hyperbaric oxygen after failure of conventional therapy for sudden deafness. Problems/objectives: We inves-
tigated the effect of secondary hyperbaric oxygen therapy (HBO) for patients with idiopathic sudden sensorineural hear-
ing loss after unsuccessful conventional treatment.

Methodology: We retrospectively evaluated 3 groups: 100 patients without further treatment (group 1), 160 patients with
secondary HBO at 1.5 ATA (group 2), and 56 patients with secondary HBO at 2.5 ATA (group 3).

Results: In group 1, amean hearing gain (MHG) of 2.6 + 15 dB was found at the end of the follow-up period. After HBO,
aMHG of 3.1+ 9dB in group 2 and 19.7 £ 23 dB in group 3 was achieved. The results in group 3 were statistically
significant in comparison to group 1 (p < 0.007) and to group 2 (p < 0.009). With HBO after initial therapy failure, there
isasdignificant correlation of MHG with time delay before HBO (p < 0.03).

Conclusions: HBO at 2.5 ATA in patients with idiopathic sudden sensorineural hearing loss after unsuccessful conven-

tional treatment yields significant improvement of hearing. MHG is higher when time delay before HBO is shorter.

I ntroduction

Idiopathic sudden sensorineural
hearing loss (ISSHL) is a well
known ear disease with easy diag-
nosis but controversial therapy.
Diagnosis of ISSHL is based on
anamnesis, audiometry, and exclu-
sion of known causes for sudden
hearing loss. Lack of direct access
to cochlear processes, both clini-
cally and experimentally, ulti-
mately causes the absence of a
univocal treatment protocol for
ISSHL. The four most commonly
discussed hypotheses for I1SSHL
are impairment of labyrinthine
blood supply with cochlear
hypoxia, viral infection, rupture of
membranes in the inner ear, and
autoimmune diseases. In view of
the wide range of possible patho-
physiological mechanisms, many
treatments have been proposed:
steroids, hemodilution, vasodilata-
tion, anticoagulants, oxygen

therapy (hyperbaric oxygenation
(HBO), carbogen), vitamin B,
procaine, and others. For some of
these treatments, efficacy has been
evidenced; this is the case for
steroids,' hemodilution when
hematocrit is increased,? and for
HBO.>*

Studies on the efficacy of any
treatment for ISSHL are chal-
lenged by the high and variably
reported rate of spontaneous
recovery, which takes place within
the first 2 to 4 weeks after onset
of the deafness2®® According to
several placebo controlled stud-
ies, |SSHL has an incidence
of spontaneous recovery from 40-
89%, with a complete recovery
between 28-68%. In ameta-analy-
sis, Lamm et al.® reported sponta-
neous recovery for 61-65% of the
patients with an absolute hearing
gainof 20+ 2dB in 9 publications
with 300 placebo-treated patients.
The results from different treat-

ment schemes from 149 studies
showed an average absolute hear-
ing gain of 19 + 4 dB, not signifi-
cantly different from the sponta-
neous recovery rate.?

HBO is the administration of
100% oxygen at environmental
pressure higher than one atmos-
pheric absolute (ATA), and was
first reported to improve hearing
after ISSHL by European clini-
cians in the late 1960s. Its ratio-
nale is based on the hypothesis
that ISSHL results from cochlear
hypoxia. We have a longstanding
tradition of offering HBO as a
secondary therapy after an unsuc-
cessful conservative therapy for
ISSHL. In this study, we address
severa questions. Is HBO as sec-
ondary treatment more effective
than no secondary treatment, and
has HBO at 2.5 ATA more effect
than at 1.5 ATA? What isthe rela-
tionship between the hearing
improvement after HBO and the
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time delay before starting HBO?
Is there still improvement after
termination of HBO? To answer
these questions, we peformed a
retrospective analysis of hearing
outcome after secondary therapy
with HBO for ISSHL.

Materials and methods

We retrospectively analysed three
groups of patients.

Group 1

Group 1, our control group, con-
sists of patients who were treated
a the ENT department of the uni-
versity hospital in Frankfurt am
Main, Germany, and who received
no further treatment after failing
of their initial therapy. Initial
therapy consisted of a 10-14 day
course with 10% hydroxyethyl
starch (250 or 500 ml intravenous-
ly daily), pentoxifyllin 300 mg
daily, and atailing dose of hydro-
cortisone starting at 250 mg intra-
venoudly. A pure tone audiogram
was obtained before and after the
initial therapy. Out of a series
of 559 patients initialy treated
for ISSHL, therapy failed for
100 patients. Therapy failure is
defined as a mean hearing gain
(MHG) of less than 10 dB for the
frequencies 500, 1000, 2000 and
4000 Hz. Since at that time no
HBO was available, further treat-
ment was discarded. The average
follow-up time of the 100 patients
in our control group was 9 months
(1-27 months).

Group 2

Group 2 consisted of 160 patients
out of a series of 817 patients
treated for ISSHL at the ENT
department of the university
hospital in Frankfurt am Main,
Germany. The 160 patients

received the same initia therapy
as those of group 1, and treatment
dso faled (MHG < 10dB), but
contrary to the patients of group 1,
those of group 2 received
secondary treatment with HBO.
Secondary treatment consisted of
several session of HBO. Sessions
were organized (5 days aweek) by
the Sports Medica Centre,
Frankfurt am Main, and consisted
of 15 minutes compression time,
45min  isocompression  at
1.5 atmosphere absolute (ATA),
and 15 min decompression time.
HBO was stopped after 10 ses-
sions if no benefit was achieved,
but continued as long as hearing
improvement was observed. On
average, patients received 14 ses-
sions (7-28). An audiogram was
obtained after the HBO and after
an average follow-up period of
9 months (1-25 months).

Group 3

Group 3 consisted of 56 patients
out of atotal of 223 patients who
were treated unsuccessfully
(MHG<10dB) at the ENT-
department of the university hos-
pital in Leuven, Belgium after ini-
tial therapy with the same conser-
vative regimen as in group 1 and
2. Patients in group 3 received
secondary treatment with HBO at
2.5 ATA at the Center of Hyper-
baric Medicine of the military
hospital in Brussels, Belgium.
Daily session were given with a
compression time of 15 min,
70 min isocompression at 2.5 ATA
with 100% oxygen, and 10 min
decompression time. Patients
received on average 13 sessions
(9-32). An audiogram was
obtained after the HBO and after
an average follow-up period of
26 months (5-83 months).

Patient characteristics of the
three groups are shown in Table 1.
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Comparing the characteristics of
the 3 groups, there is no difference
in sex, age of the patients, or time
delay before conventional treat-
ment. There was however a statis-
tically significant difference (p <
0.001) of the severity of the initial
hearing loss: 32.5 dB in the first
group, 32.3dB in group 2, and
76 dB in group 3 (Table 1).

The dtatistical analyses were
performed by the statistical centre
of the University of Leuven with
the SAS software package (SAS
ingtitute Inc., Cary, NC, USA).

Results

HBO versus no treatment, and
HBO at 1.5 or 2.5 ATA

In group 1, our control group of
which patients did not receive a
secondary treatment, an average
MHG of 2.6 £ 15 dB was found at
the end of the follow-up period.
After HBO at 1.5 ATA (group 2),
an average MHG of 3.1 + 9 dB,
and after HBO a 25 ATA
(group 3), an average MHG of 19.7
+ 23 dB was observed (Table 2).
After correction for the initial
hearing loss, which was per-
formed with a covariate analysis,
the difference between group 1
and group3 (P<0.007), and
between group2 and 3 (P<
0.0095) was statistically highly
significant. There was no statisti-
cally significant difference
between the control group and
HBO at 1.5 ATA.

Effect of time delay before therapy

For the second question, whether
time delay before therapy onset
affects MHG, only group 3 was
studied. Since no significant effect
of HBO a 1.5 ATA could be
demonstrated, further differentia-
tion of MHG in time is not
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Table 1
Patient characteristics
Group 1 (control)  |Group 2 (1.5ATA) |Group 3 (25ATA)

n 100 160 56
age 40y (10-89) 44y (12-71) 50y (12-80)
% male 48% 46% 48%
initial hearing loss |32.5 + 26.3 dB 32.3+27.8dB 76 £ 27.5dB
time delay before
convent. therapy 4.6 + 7.4 days 7.7 £ 10.2 days 11.4 + 11.5 days
HBO - 54.3 + 49.6 days 30.8 + 15.0 days

Table 2

Mean hearing gain for the frequencies 500, 1000, 2000 en 4000 Hz (MHG) for group
2 (HBO at 1.5ATA) and 3 (HBO at 2.5 ATA)

Group 2 (1.5 ATA) Group 3 (2.5 ATA)
MHG in dB 31+98dB 19.7+232dB
>10dB 9% 55%
>20dB 6% 41%
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Figure 1

MHG (response in dB) versus time delay (in days) before HBO. Each data point repre-
sents a patient who received HBO at 2.5 ATA &fter failure of conventional treatment for
ISSHL. The line represents a linear regression (R-square: 0.28).

justified for group 2. Figure 1
plotsthe MHG (in dB) versustime
delay (in days) for each patient
(data points) of group 3. All
patients received HBO within 3
months after onset of ISSHL.
Clearly, MHG decreases with
increasing time delay. Analysis of
variance of the MHG to the time

delay before HBO showed a sig-
nificance level of p<0.0001 (R-
Square 0.28); the results were bet-
ter with earlier treatment.

Improvement of hearing after
finishing secondary HBO?

During the follow-up period after
HBO, no major hearing improve-
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ment was noted: MHG of 0.4 dB
for group 2 and 1.4 dB for group
3, were not significantly different
from the control group 2.6 dB.

Discussion

Patients treated at the university
hospital in Leuven in Belgium
(group 3) had a higher initial hear-
ing loss than those treated at the
university hospital in Frankfurt
am Main in Germany (group 1 and
2). A possible explanation could
be that ISSHL is, contrary to
Belgium, awell known disease in
Germany, and most patients, also
with minor hearing losses seek
medical help very early. But also
considering this difference in
initial hearing loss a statistical
significant hearing improvement
with HBO at 2.5 ATA in patients
with ISSHL after unsuccessful
conventional treatment (MHG <
10 dB) in comparison to a control
group and to HBO at 1.5 ATA was
found.

The rationale for hyperbaric oxy-
gen therapy is based on the
hypothesis of cochlear hypoxia as
acause of ISSHL. Only one study
reports directly measured oxygen
concentration (pO2) in the peri-
lymph of humans.? The authors
measured pO2 through a stapedo-
tomy and reported a mean pO, of
8.6 = 3.2 mm Hg in patients with
ISSHL within 3 months after
onset. This was significantly
lower than pO, found in perilymph
of patients with otosclerosis
(19.8 + 3.6 mm Hg). Experimental
studies in guinea pigs were done
by Lamm et al.®®* They measured
perilymphatic pO2 and cochlear
blood flow (CoBF). During hyper-
baric oxygenation at 2.5 ATA, the
perilymphatic pO2 increased by
450 + 150%, and was still
increased with 58 + 14% one hour
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afterwards. The CoBF, however,
decreased with 33 + 1% during
HBO, and was still decreased with
19 £ 1% one hour afterwards. The
reduction of the CoBF may be due
to the vasocondtrictive effect of
oxygen observed in virtualy all
tissues. Oxygen diffuses from the
cochlear capillary network into
the perilymph and cortilymph,
supplying the inner ear’'s sensory
and neuronal structures, which
have no direct vascular supply.
The pO2 of the perilymph will
only show a constant rise on
extreme increase of the arterial-
perilymphatic difference in oxy-
gen concentration.* Under isobar-
ic oxygen inhalation, only a tran-
sient and minor increase of peri-
lymphatic pO2 of 16% was
found.® There are no reports on
the perilymphatic pO2 under
HBO at 1.5 ATA, but it would be
lower than the values reported at
2.5 ATA and this may explain the
lower MHG of patientsin group 2.
A Medline search from 1960 to
2005 yields 55 clinical studies on
5438 ISSHL patients treated with
HBO.*%#% |n the majority of the
studies, HBO was administrated
as a secondary therapy, following
unsuccessful conventional treat-
ment. Only 5 studies concern pri-
mary HBO therapy. 34" The only
prospective randomized tria of
primary HBO in comparison with
buflomedy! showed a significantly
better outcome with HBO: relative
hearing gain of 61% compared to
24% (P =0.005).* There are no
placebo controlled studies. Racic
et al.” compared HBO as a single
primary therapy to intraveneously
applied pentoxyfillin in a retro-
spective way. They found a
significantly  better  hearing
improvement of 46.35 dB (SD +
18.58) in the HBO group com-
pared to 21.48 dB (SD £ 13.5) in

the pentoxyfillin group (p < 0.001).
In the HBO group, 47.1% of the
patients reached a hearing within
normal age-related ranges com-
pared to 6.2% of the control group.

For secondary HBO, a signifi-
cant effect could only be demon-
strated when HBO was started
within 3 months after onset of
hearing loss. In aliterature survey
from Lamm et al.* an MHG of
more than 20dB was found in
54.3% of the patients if HBO was
given between 2 and 6 weeks after
onset of hearing loss (46 publica
tions, 2338 patients). For HBO
treatment between 6 weeks and
3 months, 13% of the patients
achieved a MHG of more than 20
dB, but for treatment onset beyond
3 months only 1.4%. We only
treated patients seeking therapy
within 3 months after onset of the
ISSHL. Within group3 we
observed similar trends as Lamm
et al.®: a significant correlation of
MHG with the time delay. We
remind the reader that our results
are in accordance with the litera-
ture despite the fact that our study
concerns patients who had no
effect of conventional therapy
(MHG < 10 dB). One could expect
that the chance of spontaneous
recovery in our control group is
very low (2.6 dB after 9 months)
and that the achieved hearing gain
in group 3 isdueto HBO.

A prospective multicentric ran-
domised controlled trial is needed
to confirm the efficacy of HBO for
ISSHL. But what should be the
ideal control group? Inhalation of
normal air under hyperbaric con-
ditions as we used in a prospective
randomised trial for chronic tinni-
tus'” also gives a small increase of
tissue oxygen pressure and cannot
be considered as a placebo thera-
py. Another way of shamming
HBO is administration of 10%
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oxygen at 2 ATA. Patients treated
unsuccessfully with aconservative
regimen, as in the present study,
seem to be the best group to prove
the effect of HBO. In this group
we still found a 25% hearing
improvement (initial hearing loss
76 dB, MHG 19.7 dB) with HBO
a 2.5 ATA. In the control group
only asmall hearing improvement
was noticed during follow-up.
This is a clinically significant
hearing improvement (41% had a
MHG of more than 20 dB). A bet-
ter outcome with HBO is to be
expected with earlier treatment.’
Due to the high spontaneous
recovery rate however the effect of
an additional HBO is more diffi-
cult to prove when given a an
early stage and large patient num-
bers are needed.

Conclusion

In a retrospective study we found
a significant hearing improvement
with HBO at 2.5 ATA in patients
with ISSHL after unsuccess-
ful conventional treatment in
comparison to a control group and
to HBO at 1.5ATA. The effect
declines significantly with time
delay before onset of HBO. A
prospective trial is needed to
confirm these results.
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