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TYMPANOGRAPHIC STUDY OF NORMAL SUBJECTS DURING HYPOBARIC CHAMBER

EXPOSURE - A PRELIMINARY STUDY

AB Rac and PC Chatlerjee
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Iympanomelry ftacilitates a more complote evaluation af
the auditory apparatus and is particularly useful far
gircrew selection and evaluation., This preliminary study
presents tympanometric data of 15 healthy adults follow-
ing exposure to simulated altitudes of 2,430 m (8,000 ft)
and 4,572 m (15,000 ft),
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FATENCY of the eustachian tube and evaluation of the total auditory appa-
adequate ventilation of the middle ear ralus namely the patency of the custac—
under all conditions of flight are of hian tube and the acoustic compliance
importance in flying. Eustachiasn insuf- of Lhe ear drum, ossicular chain and
ficiency due to any cause may lead Lo stapedius reflex measurements. For safe
acute distress, pain in the ear and performance of the highly skilled task
even aerotitis posing a hazard Lo of flying these functions are of para—
Flight safety. mount importance in aircrew.

Tympanometry is a relatively new Aviators are exposed Lo rapid chan-
procedure im clinical practice and ges in barometric pressure during as-
specially in aviation environment, its cent and descent during flying specia-
modern clinical use dating back to 11y in military aviation. The incidence
1946. With sophistication and improve- of aerotitis is still a major acromedi—
went  achieved in the past 15 vears its cal otological problem much wore g0 in
use has been greatly expanded. This training Fflights than in operational
procedure facilitates a more complete fFlights, consequently upsetting the
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Lrafning schedules and operational con-—
version. Any method which will aid in
predicting the possible middle ear or
custachian tube dyslunclion or will sid
n following up the status of aerotitis
media, once it is present, is highly
desirable. ympanometry is one such aid
to evaluate the mobility of the tympa-
nic memhrane, the functional condition
of the widdle ear and the wventilation
capabilivy of the eustachian tube. The
preseant  preliminary study was underta-
ken on healthy volunteers at simulated
altitudes in an altitude chamber.

Material and Methods

The equipment used was the American
Electromedic Ali-85 Tympanometer. It
emits a 220 Hz tone into the ear canal
from an ear canal sealing probe tip, at
the same time varying the pressure in
the ear canal from +200 to =400 mm of
water In ‘a 3 sec period. With this
quick painless procedure the compliance
or mobility of the eardrum is graphed
aulomalically.

Fifteen healthy adults participated
in the study. They underwent thorough
ENT examination including audiometry
immediately prior to exposure to alti-
tude in the hypobaric chamber in order
to exclude any upper respiratory infsc-

tion, wax 1in external auditory canal
and any middle ear pathologv. Baseline
tympanomelry was done inside the hypo-

baric chamber at ground level.

The altitude exposure rTun profile
used was as follows:

&+ Ascent to 4,572 m at the rate of

915 m per min and level out. Record
tympanogram for each ear.
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b. Descent to 2,438 m at the same
rate and level out. Record tympano-
gram for each ear.

€. Descent to ground level at cthe
same Ttate and record tympanogram
for each ecar.

ALl the subjeets underwent post-test
ENT examination including audiometry.
The subjective feelings of the partieci-
pants 1in the trial were noted. The
tympanograms were analysed aund come
pared. Two subjects were exposed Lo the
same altitude profile on four consecu-
tive days and the tympanograms ¢om—
pared.

BEesults and Discussion

The age group of the 15 subjeects
ranged from 27 to 52 yearsa. ENT evalua-
tlon Including audiogram prior to expo—
sure to altitude did not reveal any

abnormality in the test subjects. Du-
ring altitude exposure, two subjects
complained of mild discomfort during

descent from 4,572 m to 2,438 m. They
were able to ventilate their middle ear
by walsalva procedure. Post-run exami-
nations revealed mild congestion of the
tympanic membranes, =alight retraction
of the ear drum and slugpgish mobility
indicating mild aerotitis media in both
of them. All other subjects werc asym-
ptomatic during altitude exposure runs
and post exposure evaluation did not
reveal any c¢linical or andiometric
abnormality.

& set of eight tympanograms, four
each for either ear, was recorded for
each subject, totalling 120 records in
all. The various parameters of ULympano-
grams were analvised and compared.
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Table 1 - Types of Tympanograms
left Ear Right Ear

Type I, 2 3 4 Lo 3 a4
A 12 5 8 6 9 &6 T 7
B - g = 2N = 1 1 2%
C | | I o= ]}
AD 3 7 6 6 b ¥ 7 5
A — Nermal; B,C and AD - Abnormal

* - Complained of ear discomfort.

1. Ground level baseline record

2. Record at 4,572 m after ascent

3. RBecord at 2,438 m after descent
#. Ground level post-exposure record

a. Types of Tympanograms

Depending on the characteristics of
the tracing, Lympanograms can he clas—
gified as Lypes A, B, C, AD and AS (Fig
1), Type A is normal and the others ab-
normal. The types of Cympanograms noted
in this study are given in Table I. Two
subjects complained of mild discomfort
during descent. The tympanic membranes
showed poor mobility and retraction.

b. Peak Pressure

The normal peak pressure is between
+ 100 mm water. Peak pressure findings
in this study are given in Table II.
The changes noted are statistically not
signifiecant.
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Table II - Pepak Pressure

Peak [eft Far Right Eax
Pressure
{mm water) | 23 ok 1 2 3 4
+ 100 = 14 12 9 14 14 13 14 14
<-100 @ 1 = 1 - 1 = 1
>+100 @ L 2 6 = 1 1 1 =
* Normal @ Abnormal
Table ITI - Compliance Data

LEFT
0.89 0.2 0.47 .53 D6 0.4 0.8 0.2
RIGHT

0.6 0.4 0.4 0.6 0.53 0.47 0.63 0.33

c. Compliance

The normal range of compliance is
#0.3 and <1.0 in the scale. Compliance
refers to the mobility of the ear drum
and ossicular chain. When the ear drum
is nermal and the middle ear pressure
and ear canal pressure are equal, the
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Fig.1 Automatic Tympanographs




Table 1Y - PYT at Various Altitudes
VT (ml) at
Easal Lround
bar Ly ] 4,372m  2,438m lavel
| 2 ] A
Lult
M | .74 1. ATRE 2713 1.89%=*
Bl 6] 2. U4 1:19 U.40
Riuht
M PErdes LuNQkkE 2 _41RE% | B2
S0 033 1.26 0.67 0.53
| Mean % p ¢ (.01

SD - Standard ®xx B £ 0.001

Devialion

compliance is zero. The mobility de-
pends upon the patency of eustachian
tupe,. In case of insuffieciency of eus—

tachian tube the shape of the curve
will be [lal.

The compliance changes with the
albtitude bul returns to original level
at grouvnd level., The incrcase in com—
pliance of »1 in left ear from base
Line to 4,572 m is significant.

d. Physical Velume .

Thiz 1is the cavity size of the
external ear, which is measured in ml.
It indicates the intactness of the ear
drum. The measurement is made at +200
mm of water. In our equipment the phy-
gieal  wvolume test (PVT) is a digital

0

Table V= WYalues of PYY

on IHfferent Days

Ground L, L.4 .25 1.7 Ll
Level B L25 l.8h l.5 LoD
4,572 m 1. 2.45 2.95 4.35 2.95
A 8 L S o & b
2,436 m. L; L) 159 itk 22
- SRR e P R e
GL L. 09 1.4 | <% s

R 1.0 Le2 L.55  1.45

read out. The normal physical volume Iz
between U.B to 3,0 wl in adults. In
this study, the PV ranged from 0.% teo
B.0 m!l. The means and standard devia-
tions of PVT arc given in Table IV.

It is seen rthat the PVI Increases
significantly during ascent ftrom ground
level to 4,572 m and returus to almosL
basal valwes post chamber run.

Two subjecls were exposed to  the
same hypobaric chamber runm profile on
four coaseculive days, the tympanograms
recorded as ecarlier and the graphs
analysed and compared.

The type, peak pressure and complia-—
nce recorded shows no significanl dif-
ference belween day to day readings in
both the subjects either at ground
level or at altitudes. However, one
Finding of interest was the significant
difference between the lst and the 3rd
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day readings in PVI, both aL ground
level and aL altitude in both the sub-
jects. This is shown in Table V.

The reason for this change in PVT
values on the 3rd day of exposure as
compared to the first day cannol be
explained. However, these values return
ta the lst day wvalue on the 4th day.

Conclusion

The present preliminary Lympanogra-
phic study of 15 normal subjects during
exposure to altitude changes has given
us the response patterns of wvarlous
parameters of tvmpanograms. Two sub-
jecte had sympLoms and signs of mild
aerotitis confirmed clinically and also
the type of tympanograms. The type and
peak pressure parameters of tympanogram
was seen during the altitude run has
shown no significant changes. The com-
pliance parameters have shown a statis-
tically significant change only in Lhe
left sar at 4,572 m as compared to the
base line which cannot be explained.
The PVT has also shown & significant
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change (i.e., increase) at 4,5/2 m as
compared to the basal level. Subjects
on exposure Lo Lhe hypobariec chamber
run profile on 4 consecutive days had
no slgnificant change in tympanogram
parameters except that the PVT showed a
change on the 3rd day as compared to
the Ist day. This chanpge returns Lo Lhe
lst day value on the 4th day. Further
studies on larpe number of subjects are
warranted to confirm and explain the
changes seen in PVT due to altitude
CXPOSUTE .
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