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Effects of Hypoxia and Rapid Decompression on Contact lenses
Maj Sk Singhal’, Wg Cdr GKG Prasad”, Wq Cdr KS Soodan™

This study was carriad out to see the effecrs of twe
major  avielion  Elressos la, hypoxin wnd rapld
dacompression on three types of contsct lonses having
different physical properties. Ton subjects waaring three
fypes of contact lensos (hard, soft and rigid pes parmaabilo
{GP lonses) wers avaluated n hypabaric chamber at

simutated althhude of 3048 m 6095 m  and rapid

decormpression frem 2438 m lo 6706 m. Visusl aculty
recerding, Koralometry, bimicroscopy, flare testing wnd
Huorvseeln stalning were used for evaluation. Subjects
woarlng hard lesisas had significantly high Incidence of
subjeclive  eymploms, comeal cedema and  bubble
formation with thres subjects huving deterloration in vispal
acuity and twe subjects positive lor Huorescein slidning at
BO9E m. Incidance of these tast markors wera quite low with
saft and rigid GP lenses in comparison to hard lenses. Soft
and rigld GP lenges wers considored compatible with Hying
environment ar hlgh altitude,

Koy wards ; Ametropia, ammelropis

fnsmte of selection ol only emmetrapic
candidates at the time of eniry, large number of
aircrew develop relractory errors in their fiying
carcer. Corrective flying speclacles (CFS) are not
found compatible in flying with diflerent tvpes of
head borne equipment i.e, pressure helmots. night
vision goggles and helmel mounted displays’.
Contacl lenses are wiable alernalive to CFS
aespecially  with rapid advancement in  their
technolegy. But their use in aviation is controversial
because ol peculiar types of problems associated
with  aviation  environmemt  like decreased
almospheric pressure. hypoxia, low humidity, high
'G' torces and heat stress

Decieased ambient pressure inside the cabin
due to raised altitude and sudden loss of pressure
inside the cabin due lo chances of failure of
pressurization system or structural failure may
enlarge Ihe bubble micronuclei present between the
cornea and contact lens. Also, oxygen supply to the
cormeg, which is a major concem in the presence of
contact lens on its sudace, be lurher reduced by
the relative hypoxic environment inside the cabin
leading to corneal hypoxia

Ihis study is carried out to see the effecls o
hypobaric hypoxia and rapid decompression gl
wearing of hard contact lenses (Poymethyimelhg
Crylate type), rigid gas permeable (GP) lenses a i
high water content soft lanses. '

Material and Methods

Fifteen sublects voluntarily paricipated In
Ihis study. Five out of fifteen subjects wers
emmelropic without any eye pathology. They
tormad the control group. Ten ametropic subjects
were litted with three types of lenses 1@, hail
lenses, rigid GP lenses, high water content so0lf
lenses. Each type of lens was preseribed fo
minimum 5 subjects. Thus, 5 oul of 10 subjsls
were given Inal with two lypes ol lenses. Eve .
subject wore his contact lenses on daily wear basls
far 6-8 hours in a day for 2 weeks prior 1o hypobar
chamber Inal. Each subject had visual acuity |
after correction and were found well adapted
asymplomatic with lenses,

Trials were conducted in hypobaric chamber
installed in High Altitude Physiology Department i
cansists of a main chamber for simulating hypoxia
al desired allilude and an air lock chamber for
simulating rapid decompression, .

Reversed Snellen’s chart, equiprment for flare
lesting and bimicroscopy were laken inside the
chamber for visual testing.

The hypobaric exposure protocol was 4s
follows -

(@) 2 hour exposure to simulated altitude of
3048 m brealhing normal air.

(B} 1 hour exposure to simulated aln‘tuda.ai’:
8096 mbreathing 100% Oz,

(¢) Rapid decompression from 2438 m fo.
6706 m breathing 100% Oa.
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Eye test Schedufe consisted of the following :

(a) Reporting of symploms as per following
grading explained 1o subjects:-

0 - MNosymploms

i - Only eye/lans awareness
or liredness

2 - Dryness andior irritation

3 Pain/haziness of vision

(by Visual acully measurement, tlare testing,
bimicroscopy  examination belore, aller
and during hypoxia chamber run. Posg! run
Slit lamp examinalion included instillation
ol sodium lluorescein lor comeal staining.

Resulls were analysed by LsIngG *? 1est with
Yale's gorrechion

aﬁﬂﬂul'ts

Eye percentage developing subjective of
objective finding with three lypes ol lenses on
‘gxposure 1o 3048 m allitude have been compiled in
Table 1. Significant number ol hard comact lens
wearers  (p<0.05) developed Grade | mild
“gymptoms. 20% eyes developed bubbles which
ware peripheral, and disappeared alter some Ume
durng the exposure itsell. Visual  acully
deterioration and fluorescein staining was neticed in
one eye. |here was no subjective or objective
finding among rigid GP lens and soft contact lens
wearers  excepl  ONE eyc developing rnild
conjunclival injectian.

Eye percentage wise results with three types
of lenses ai 6096 m have been compiled in Table |1
Incidence of symptoms. visual gcuity deterioration
and bubbles formation were significant (p<0.05) in

Table | Perceniage of eye with positive findings
{Subjective and ohjectiva) at 3048 14

chiceina!

e Hare Higid GF Saht dissolved Oz will be available in tear film. 1t wil

Frange Lenses Lorses Lemses turther be lessened by the appiication of contact

Syriptoins present AT — s lens on gomeal surface, more S0, it contact lens

Danjuctval Ingection 0% 0% 10% malerial is not permeable 1o Oz Without an

EosayeFluoracsen: 4l % % adequate oxygan availbility, corneal oedema setsin

i resulting in various symploms and signs.

rifl?nhﬁl.le Flara Testm 1% {0t %

;m?;‘:‘:;ﬂ““” Hh ol g i g Ghances of bubble formation underneath the

:_'m[gmm:;n ) y contact lenses are further increased with change in

allitude wespecially in case ot a sudden
29

hard contact lens wearers. Bubbies were peripheral
as well as central and eyes wilh bubbles also had
visual aculty deterioration, Lens fiting became tighler
in two eyes having visual acuity deterioration (o 618,

With rigid GP lenses symploms and visual
acuity delerioration were insigniticant but incidence
of bubble formation was signilicant (p=<0.05).
Bubbles were bolh peripheral as well as ceniral but
pyes wilh central bubbles did not develop visual
acuity deterioration. Signs and symploms in soft
conlact lens wearers were insignificant.

Tabie I Parcenlage of eye with posilive findings
(Subjactive and objectiva} al 60596 M
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Pasidnic Fluesasoen 0% (% i
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Wesual Acusy SRe 105G 105

Deteriaration

On  Rapid decompression incidence o
pubble formation with hard lenses and rigid GP
iansas were significant (p<0.05). Two subjects with
hard lenses developed decrement n vislon to 6%
and posilive Huorescen staining in eyes having
central bubbles. With soll lenses, incidence of
subjective and objective  findings  were not
significant (Table 11).

Discussion

The guantity of a gas that can pe dissolved in
a solution 15 direclly proportional 1o ils partial
pressure anc solubility coefticient in & given
medium (Henry's law), With decreasing Oz parial
pressure in cockpil emvironment, less amount of
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Table Ili Percentage of eye with positive findings
on rapld decompression

Sulyechva/

Diyetive Hard Higid GP Salt
Finaings Lo L Lonsir,
Symplams prosom Ay 10% 0%
Lanuneral kfoction A% 10% 10%
Pogilien Flusrpscon 0% 0% 0%
Sl

Positve Flara Tasting 0% 0% 0%
Bulbldy Furmation Prosen 0% 0% i
Wesual Aculy 20% 0% %
Dvtawictaton

decompression. Small bubble micronucle present
In tear film between lens and cornea can sxpand as
the pressure decreases and large bubbles centrally
positioned can deteriorate vision

In the present study, hard contact lens
wearers were having significantly more incidence of
visual symptoms than rigid GP lenses or soft
contact lens wearers at all proliles and symploms
were more severe and distracting at 6096 m. There
were no stalistically significan| differences between
the incidence of symptoms with rigid GP lenses and
soft contacl lens wearsrs Symglnrns were also
grade | only. Other workers®* carrying out
hypebaric chamber sludy on sofi contact lenses
repored no symptoms in wearers.

The incidence of visual acuity deterioration
with hard conlact lenses at 3048 m (1 (%) and on
rapid decompression (20%) was nol significant
statistically but it became signiticant in comparison
to control group as wall as to those with rngid GP
and soft contact lenses on exposure 1o 6086 m. Our
lindings conforms with ofher workers®>> who
reported no change in visual acuity in their study on
soft contact lenses, but differs with Brennan at al
who reported two out of seventeen subjects
developing reduction in visual acuity to 89 in ane
gye each at 3650 m exposure.

The: difference of symptoms and sians
between hard conlact lens wearers and other wa
lens wearers can be attributed 1o the tact that hard
conlact lenses are practically impermeable to Os.

The incidence of bubble fermation in hard
contact lens wearers as well as ngid lens wearers
were signiticant at 6026 exposure and during rapid
decompression. Bul with rigid GP lenses there was

no visual acuily deterioration even in the eyes
having central bubbles. This may be due o [h
smaller sizes of bubbles possibly due o | G
diftusion of gases through the GF lenses. |

The present incidence of bubble formation
with hard contact lenses is In agreement wif
Newsom et al®. However with rigid GP lanses og
findings ditfer from Flynn et al” who reported 100
incidenca at 6650 m altitude,

Conclusion

'} Hard contact lens (PMMA Type) produca(!
more incidence of symptoms, visual aay
deteraration and bubble formation leading
decreased vision on exposure 1o hypaba
hypoxia and rapid decompression,

i) There was no significant deterioration It
visual acuity with rigid GP lenses as well a8
solt lenses at exposure profiles studied.

i) Rigid GP lenses produced higher:
incidence of bubble formation than salf
lenses, though not aflacting vision,

wl  The soft and rigid GP lenses were found
to have beller compatibililies than hard
lenses under the aviation slresses o
hypoxia and rapid decompression.
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