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Abstract

Due to the fact, that the hearing process is an energy-depended and consumptive process, some changes happen, when
going to high altitude where the oxygen partial pressure decreases. The oxygen is provided to the inner ear by diffusion
over a relatively large distance. Because the amount of material decreases with the square of the distance high noise levels
at altitude or in isobaric hypoxia must be assumed as a stress situation for the inner ear. There are only a few data about
a temporary or permanent threshold shift in hypoxia or an increased sensitivity of the ear for occupational noise disease in
such conditions. The hearing loss due to hypoxia at altitude or in isobaric hypoxia is a central-nervous hypoxic dysfunction
and not rarely a sign of a beginning HACE. We review the actual knowledge about this topic.
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Introduction

About 300.000 persons per year go to high altitude
worldwide, either to work, to travel or for helicopter
operations in rescue or military missions. There is an
additional group where nobody knows the number of
persons exposed, but which is increasing significantly
since some years: people working in isobaric hypoxia
(server rooms, special rooms with hypoxia for fire
protection, storage rooms for fruits and vegetables,
and many others). Several tasks are a combined expo-
sure with noise. We summarize the actual knowledge
about the problem and summarize the consequences
for further research.

Physiology of hearing in hypoxia

In contrast to normoxia it must be assumed for any
kind of hypoxia that there will be a stress situation for
the inner ear when the receptor cells are exposed to
noise since hearing is an energy-consuming process
with more energy needed at high noise levels and the
reservoir of energy-rich phosphates (ATP) of the cells
of the stria vascularis is limited [1]. But noise exposure
reduces the blood flow in the stria vascularis even more
and therefore a more restricted energy pool must be
expected [2,3]. This is supported by the finding that
oxygen partial pressure decreases in the perilymphatic
liquid [3]. These effects are correlated to the noise
level and continue after the noise exposure for about
one hour [3].

An energetic exhaustion of the hairy cells is as-
sumed as the physiological mechanism which causes

the temporary threshold shift (TTS) as the first step
towards a permanent hearing deficiency (permanent
threshold shift, PTS). When the noise exposure con-
tinues and the ear doesn’t get the chance to recover
adequately from the energy deficit a PTS will be the
consequence with a degeneration of the hairy cells and
(later) the associated nerve fibres will occur.

With the situation described above it may be ex-
pected that a combined exposure of noise and hypoxia
the TTS (and later the PTS) arises earlier since the
energetic deficiency occurs earlier in hypoxia. Indeed,
there are results obtained in animal which prove a TTS
[4]. Limited data indicate a similar effect in humans at
conditions which correlate to about 4500 m [5]. Ani-
mals which were acclimatized to high altitude showed
significant less TTS than those without acclimatiza-
tion [6]. As for the other organs, several processes like
increased blood flow, hemoconcentration, ventilatory
acclimatization, and others, all of which are commonly
summarized as “acclimatization’, increase the oxygen
supply of the inner ear. This may explain the effect of
acclimatization on TTS described by Berndt at al. [7].

Such a hearing reduction has been already de-
scribed by Farland et al. in 1938 from people in the
high Andes at altitudes above 5930 m [8]. On the other
hand there are others who published that the auditory
threshold remained unchanged in hypoxic conditions
[9] or that an increase of the haematocrit to51%-58%
does not influence the hearing potentials and there
is a stability in the otoacoustic emissions although
the cochlear blood flow decreases to 40% compared
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to normoxia or sea level MSL in the animal model
[10,11]. First results of the Aachen Dental and Medical
Expedition 2011 (ADEMED 2011, www.ademed.de)
also indicate a higher risk for T'TS at high altitude and
a significant protecting effect of acclimatization [12].

Consequences for noise protection and further
research

Limited data and physiological considerations sug-
gest that there is an increased risk for hearing loss due
to hypoxia and high altitude, but there is still a lack of
detailed results which prove the theory. This should
be investigated by a collective with similar - ideally
the same - altitude profile from sea level up to at least
5,000m and then down to sea level again to check for
acclimatization effects. Other effects of hypoxia or
altitude like the aggravation for the ability to locate
sound origins [13] or that the risk for acoustic hal-
lucinations increases [7] are more technical problems
of such investigations and should be avoided easily by
experimental designs like objective measurements of
the TTS by automated systems which give the stimuli
of the several frequencies randomized to the probands.

Another interesting topic is the possibility of
a pharmacological protection of the ears when exposed
to noise in hypoxic environment. Experiments with
animals with the selective glutamate antagonist MK
801 showed that this is principally possible [14].

The criteria for amblyacusia caused by noise ex-
posure as an occupational disease are developed in
normoxia [15-18]. With the considerations mentioned
above these criteria are should not be valid for hypo-
baric (altitude) or isobaric hypoxia. In consequence,
assumed that the considerations mentioned above are
true, there are several persons whose hearing loss is
not accepted as noise-induced, although it is a noise-
related damage and only criteria which do not take
the special conditions of the exposure into account
were used. This needs more data to establish criteria
for noise disease in hypoxic conditions as well as for
preventive recommendations for the persons exposed.
Until such data are available anybody - employees,
patients, bystanders, and others - should take special
care for their ears when exposed to noise in any kind
of hypoxic environment.
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