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The Mission of AGARD

According toits Charter; the mission of AGARD is to bring together the lzading personalities of the NATO nations in the fields
of science and technology relating to acrospace for the following purposes:

- Recommending cffective ways for the member nations to use their research and development capabilitics for the
common benefit of the NATO community;

= Providing scientificand technical advice and assistance to the Military Committee in the field of acrosnace research and
development (with particular regard to its military application);

— Continuously stimulating advances in the acrospace sciences relevant to strengthening the common defence posture;
— Improving the co-operation among member nations in acrospace research and development;

= Exchange of scientific and t~chnical information:

— Providing assistance to member nations for the purpose of increasing their scientific and technical poteatial;

— Rendering scientific and technical assistance, as requested. to other NATO bodies and to member nations in connection
with rescarch and development problems in the acrospace ficid.

The highest authority within AGARD is the National Delegates Board consisting of officially appointed senior representatives
from each member nation. The mission of AGARD is carried out through the Panels which are composed of expzris appointed
by the National Delegates, the Consultant and Eachange Programme and the Aerospace Applications Studies Programme. The
results of AGARD work -.¢ reported to the member nations and the NATO Authorities through the AGARD series of
publications of which this 1s one.

Participation in AGARD activities is by nwitation only and is normally hmited to cnizens of the NATO nations
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Preface

Vision is the aviators most important sensory system and optimal visual performance must be
maintained if operational effectiveness is not to be impaired. This Symposium considered the hazard
situation, particularly direeted energy, nuclear flash and solar radiation, Visual protection and correction
was discussed, as was a number of clinical and theoretical aspects of the human visual system.

The Symposium was of interest to both clinicians and those interested in more technical aspects and
cquipment.
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Préface

Pour Faviateur, la vue est le systéme sensoriel le plus important et par conséquent, il est essenticl de
maintenir les performances visuelles des pilotes au niveau optimal, afin d'empécher toute diminution de
. leur efficacité opérationnelic. Ce Symposium a examiné les situations & haut risque, ¢t en particulier
I'énergic dirigée. Ie flash nucléaire et le rayonnement solaire. La protection et la correction de 1a vue sont

parmi les sujets traités, ainsi ~ * - eoriain nombre d'aspects cliniques et théoriques du systemes visuel
humain.

Le Symposium a intéress¢ a Ia

aniciens et les techniciens travaillant dans ce do1aine.
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£ OPENING ADDRESS

by

| Air Marshal N H Mills QHP, MB, BS, FFOM, D Av Med, RAF

H Surgeon General, Defence Medical Services

§ : Director General of Medical Services Royal Air Force

H :

i

! - First of all, I should like to thank your Chairman, It is, therefore, timely that the Acrospace Medical

5 - - ‘ Mr Charles Bates, for his invitation to participate in tais Panel of AGARD should devote a Sympusium to the topic

i : Opening Ceremony. Secondly, it gives me great pleasure, of 'Ocular Hazards in Flight and Remedial Measures'.
both as Surgeon General and as the Director General of The Programme organized by the Panel provides a broad
Royal Air Force Medical Services, to welcome you ail to overview of the natural and man-made visual hazards,
the Unit~d Kingdom - to take part in this London Meeting which may affect aviators. It also reviews methods of
of the Aerospace Medical Panel. This welcome goes to Mr protection and the impact, which both radiation expostre
Bates and his distinguished colleagues on the podivm; and and protective devices have on visual performance.

- also to our distinguished friends and colleagues in the This information will be of undovbted value to
audience. With this greeting 1 should like, especially, to those medical officers who have responsibility for the
welcome those attending from outside the UK. You are health and safety of aircrew; and it will assist them in
all most weicome and we look forward to havirg you in our cducating fiying and ground personnel about these
country during this week. matters. It should also help them to dispel the irrational

Since its formation in 1952, this Pancl has covered fear, which some personnel hold, of being blinded by laser
much ground and has advanced scientific kinowledge and radiation.

1 ’ understanding in the many areas of inedicine related to The correction of refractive errors in aircrew by the
aerospace. Recently, much work has been devoted to the use of corrective flying spectacles nas long been a topic of
protection of vision against natural and operational aeromedical interest. The advent nf contact leases - over
hazards occurring in flight. the past 10 years or so - and their use by flying personnel

i . The importance of the aviator's visual sensory has solved some of the problems associated with

’ ) system in the control of his aircraft and its weapons spectacles, bu has raised several others. A definitive

) systems has long been recognized. It is. thercfore, report on the cperational use of contact lenses is being
essential that he maintain optimal performance of his prepared by this Panel's Working Group 16. However, this

: visual senses if impairment of his operational effec- Symposium will provide an opportunity for specialists in
tiveness is 10 be avoided. this field to report to the acromedical communrity on the

In flight, various ocular hazards can degrade visual use of contact lenses by aircrew and will also comment on
performance - notably, components of solar radiation and other techniques, such as radial keratotomy - and the
the radiation which emanates from lasers and nuclear  pewer and more accepiable laser technicues - which can
explosions. The effects of these radiations may range from correct refractive errors.
transitory visual impairment to permanent retinal damage These are but some of the subjects which will be

i > and blindness. covered in what promises to be a most fascinating

7 However, there is now a better understanding of programme; and there is much more besides. You have a

the mechanisms of ocular damage due to the effects of busy and excidng programme and I do not wish to keep

electromagnetic radiation in the visible, near ultra-violet you from it any longer. 1, therefore, wish you every success

. and infra-red spectrum - and of its consequences. Active in the exchange of knowledge and information during your

- ) research and devclopment has also been directed into the discussions at this Symposium and I trust you will all have
- ] production of devices that protect both aircrew and ground a thoroughly enjoyable week together.

personnel against the adverse effects of such solar and
man-made radiations.
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LASER EFFECTS UPON THE STRUCTURE AND FUNCTION OF THE
EYE AS A FUNCTION OF DIFFERENY WAVELENGTHS

Prof. Dr. J. Draeger/ Dr.med. R. Schwartz/ C. Stern
Hamburg University Eye Department
Kartinistr. 52, D- Hamburg 20
Germany

Sunmary:

The word LASER is an acronym for ™ light amplification by stimulated emission of
radistion™.

A laser produces a narrow beam of monochromatic, coherent light in Cthe visable,
infrared or ultraviolet parts of the spectrun. The power in a continuvous bean

can range from a frac”ion of a milliwatt to arcund 20 kilowatts in commerical lasers,
and up to more than a megawatt in special mil‘tary lasers. Pulsed lasers can de-
liver cuch higher peak powers during a pulse, although the average powar levels are
cosparable to those of continvous lasers.

The range of laser devices is broad. The laser mediva, or material, enmitting the
laser beam, can be gas, liquid or solid. Lasers contain three key elements. One 13
the laser medium itself, which generates the light. A second is the oower sJpply,
which delivers era2rgy to the laser medium in the form needed to excite it to emit
light. The third is the optical cavity or resonator, which concentrates the light,
mostly with the help of mirrors, to stimulate the esission of laser radiation.

Gas lasers use gas cr 3 gas mixture as an active medius. The wavelengths range from
vltraviolet to submillimetre. Gas lasers include Helium-Neon Laser, Argon-Ion Laser,
Excimer-Laser and €02 Laser.

The Heliuym-Neon Laser was one of the fifst continuous wave gas lasers. It is the most
freyuent and most economical laser producing light at 632.8 nm in the red part =f the
spectrus. The coherence of the bear is very good, but the output power is low. The
active medium is 8 mixture of helium and neon. Helium-Heon Lasars have found a broad
range of applications for instance as msasurement instruments or in Shrough-air-trans
mitted-communication systems. The beam is often used to draw a straight line for
opticel or electronic detection to aid in alignring or positioning. It is also used

as & rotating sensor in laser " gyroscopes " for navigation. One of the principal
commercial uses were in t.ue Being 757 and 767 aircraft.

The Argon Laser is the most important type of ion laser, which uses an ionized rare
gas &s active medium, The wavelengths are in the ultravislet and \isible wa.2lengths,
and the output power ranges from asbout 100 watt in continuous wave to asuch amore in
pulsed d2livery.

Major applications of the Argon Lsser includé pumping dye lasers to obtein adjustable
continyous wave output and rapid computer printing. But the =3in application ic in the
=zedicsl field such as in dermatology, surgery and particularly ophthalmology.

{ For example laser treatment of diabetic retinopathy and & retiral hole ).

The Carton Dioxide Laser is one of the aosst versstile types of lasers todsy. It emits
infrared rsdiation between S nn and 11 nm ( mainly at 10,8 nm ) add can produce con-
tinyous output powers ranging from well under 1 W to iO0 KHs. The active mediun is a
sixture of carbon dioxide, nitrogen and generslly heliusm. The major applicaticns are
in the cutting and welding of metals and nonmetals. It can also be used as a3 laser
radar or LIDAR ( Light Detection and Ranging ). This systam generates 10 na pulses and
snalyzes the returns. Returns from the atmosphere can be aralyzed spectroscopicslly

to determine concentrations of various substances in the atmosphere. For m.litary appli-
cations, use of wavequide CO02 lasers as range finders is in the development and dcmon-
stration stages. The US luser monitor RAS ( Remote Active Spectrometa2r ) permits de-
tection of chemically contaminated terrains.

The term excimer originated as 8 contraction of " exited dimer “, a description o1 s
molecule consisting of two identical atoms which exists only in 2n exited state, examples
include He2Z and Xe2. Now it is used in 3 bsOsder sense for any diatomic molecule in

which the component atoms are bound in the exited state, but not in the ground state,

The nost important excimer molecules are rare gas halides. Excimer lasers emit powerful
pulses (~ 100.W) lasting nanoseconds or tenths of nanoseconds at wavelengths in_or nesr
the ultraviolet. Therefore the power output cen be intensified to wore than 1015 wyeme

by focusing the beam on 8 very small spot.

- - ——



Most excimer lasors havn heoen used in wciontific research in »a veriety of fields sucn
as pumping of tunable dys lessra, LIDAHR mymtems sand materials procoseing. In potential

‘modicnl applications it is used to ebleto surfece tissure. In ophthalmology it beceme

well known by refrnctive cornesal surgery,.

The neodymium luwser is tho most common member of a family generally grouped togother

. os solid stete lasars. Atoma present in impurity level concentrations in a crystalline

or glass host meterinl are excited opticelly by light from aen external source, produc-

. ing a population invorsion in a rod of the laser materiel, The active medium in s neo-
- dymium laesr is triply ionized neodymium, which is incorporated into e crystalline or

glass structure. The most common host for neodymium lasers is yttrium aluminium garnst,
o synthatic crystal with o gernetlike structure und the chemical formule Y3 Alg 0}2
that is known in tho laser world by its acronym YAG. The wevelength of neodymium lssors
normally is gquoted na 1,06 nm, Output powers of continuous 1,08 nm YAG lasers range

{rom a tenth of a watt to hundreds of wetts, Pesk power during o pulee can be much higher,
frum hundruds of kilowstts in @ “rormal” pulse to over a hundred megawatts in a Q-switched
pulee,

Neodymium YAQG lnsoers nre finding incrensing vses in medical treatment sepecislly in
ophthalmology and surgery,( For sxample a YAC leser iridectomy and s YAG lasor copauvlotomy
of the posterior capsule ) For military epplications YAG lasers are often ueed as military
range finders and target designators.

The best known solid state lasmr usos a rod of synthotic ruby as active medium. The

ruby laser was tho first laser demanstrated in pioneering oxperiments by Theodore H.Maiman.
fordsy the ruby lesor is often replaced by neodymium laser. But wo can still find it

usor in military range finders and target designators.

Tho undesired effects of opticsl radiation on the eys:

Thae attendant hozurds of laser operations vary greatly depending upon the exact typo
of lasor and its application, The hwvzarde nlso vary greatly, from tha amall losers used
for slignmant to high powered pulsed neodymium lasers used as militery rango findors
ond torget designotors to still more powarful CO2 lsser systems, Tho offucts of opticsl
radiation on the eye vary significantly with wovelength, The aubjoct will be discusrad

in three sections. First the effects of radistion on the anterior portion of tha eye
will be considered. Socond the affocts of radiation upon the middle portion of the eyn
will be covered. Thu last and main emphasis will bms on the posterior pert of the eym,

{.,e. the rotinn, whare tho eye is particularly vulneratlo to injury becouue of its imaging
charactorintico.

Injury to the anterior portion of the oye:

The snterior structuros of the oye ara the cornea, conjunctiva and sclera, The cornea
is part .of the opticul pathway and as auch must retesin transparency. One of the moro
deleterious effects of injury to it is & loss of transparency. At very short wavelengths
in the ultraviolet ( 180-315 nm ) and long wavolengths an the infroared ( 1400-1000 nm)
ussontinlly all of the icident optical radimtion is abeorbed by the cornaa, The cornea
is exposed direactly to the environment suave for the thin lipid film - tear fllm,

nnd tharefore the nurface cornenl cells must naceseorily have a high turnover rate.
The corneal epithel.um, the outermost living layar of the cornea upon which the

taar loyer flows, is olmost completely renowod in a 4 to 7 day poriod. Hence, damage
limited to this outer cornoal layer is only temporary and seldom lasts more than

one or two days., Unleoss deeper tissues of the cornes ere also affected, surface
epithelium injuries are rarely permanent injuries.

Uv-B and UV-C (180-315 nm) radiation is absorbod in the cornea and aufficisntly
high doses will cauau keratoconjunctivitis - that peinful effect known to most
as " snow blindnass " or " welder's injury ". The initial offact of UV expoaure
io damage to or destruction of the epitheliel cells. Injury to the epithelium is
oxtremely painful os there are many pein fibers located ameng the coells of the
opithelial loyer.

After sxposure, as in other photobiological reaponses, there ias a charscteristic
latency period without subjective symptoms which veries inversely with the exposure
dose. The period is generally between 6 and 12 hours, being longer for longer wavelengths,
At exposures well above threshold this period mesy be leas, The reddening of the
conjunctivs is accompanied by lecrimation, photophobia ( discomfort to light ),
hlapharospasm ( painful ungontrolled excossive blinking ) and a sensntion of " sand"
in the eye, Cornasol pain can be quite sevare and the mejor treatmont is the use

of o corneal enaesthatic and ointment. But you should be cvareful with ancesthotic
substances, they will resduce the pain but mey induce cornesl ulceration, Normal
recovery of epithelium cells takes one to two days. Damage to the strome and the
other parts of the cornes sre more of a problem. Damege to the stroms i3 usually
followad by invasion of the entire cornea by blood vessels which turns the cornea
opaque and when permanont it is difficult to trest evcept by grefting of s donor
cornes.
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IR-B and IR=C radistion is also absorbed in the cornez. Above 2000 na absorption

is very hi igh, amsking the cornes very susceptible to far-infrared radiation heating.
Radiation in the IR-C band can induce-a burn on the-cornea similar so that on

the skin.

Injury to the middle portion of the eye:

The niddle structures of the eye consist of the iris, lens, aqueous humor, vitreous
body and ciliary body. The lens and aqueous hunor are, as well as the cornea,

part of the optical pathway and must retain transparence.

The lens, like the cornea, is an znhoaagenecus material, yet it is in the visible
range of the spectrum. This clarity is a result of s precise relation of the various
minute, optically active constituents. Danmage to the lens disturbs this relation

and destructive interference of light rather than the normal constructive interference
resuits with increased light scattering. The lens beconmes milky. The parts of

the cells around the lens developmental situres are far away from the setabolizing
pert of the cells and sre especially liable to injury.In distinction to the corneal
epxthelxu: the lens cells, especially those in the nucleus, have s very slow rate

of repair. The lens has much the same sensitivity to ultrav;ole: as the cornea.
However, the cornez is such an efficient filter for UV-C that little, if any UV-C
light reaches the lens except at levels where the cornea is 3lso injured. In the
UV-A the cornea bas substantial transzission while the lens has high absorption.
Studies have shown that only the exposures in the UV-8 appear to have a significant
effect in csusing lenticular opacities. The lenticular opacity may last only fer

a few days, then disappear if the exposure is sufficiently low. If the exposurx

is well above this level, the opacity which first aopears at the anterior polar
region, gradually progresses to the posterior cortex. Direct absorption of infrared
radiation by the lens produces damage by direct degradation of the lens proteins.

For infrared wavelengths beyond 1.9 nm the absorbed energy of the cornea nay be
conducted to interior structures of the eye and elevate the temperature of that
tissue as well ss the cornea itself. Heating of the iris by absorption of the visibie
and near infrared radiztion is considered to play a role in the developaent of
opacities in the crystalline lens, at least for short exposure tizes., Ultraviolet
light passing through the cornes could irritste the iris. For chronic exposures

the possibility of developing melancza exists.

hs the threshold for injury of the iris is very high comparec¢ to the other anterior
structures, it is not often injured. Inflammation of the iris by overheating can
cause adhesions to either the cornea of the lens. These adhesions can be very painful
and may also give rise to unwanted pathological changes in either the lens or the
cornea. Adhesions can czuse increasing intraocular pressure which can induce a
reduced visuel field up to blindness later on. The agqueous husor, as it name i=mplies
is essentially water, hence one cannot speak of ™ injury " to the agueous. The
agueous as well as the cornea serves as a heat-absorbing waterfilter for the lens,
protecting it froo IR-8 and IR-C thersal radiation. Of course in this role any
cignificant elevation of the texperatvre of the agqueous will be transferred to

<he lens by conduction. The vitreous body and ciliasry body are ncrmally not affected
by laser radistion. The possible damage could rise from high temperatures esitted

by IR-C radiation inducing protein denaturation.

Injury to the posericr pcrtion of the eye:

Th2 posterior portion of the eye consists out of the retina, retinsl pigment epitheliuz
and choroid. The retina is most vulnerable to visible light { 400 - 700 nz ) and

near infrared radiation { 700 - 1480 nz= ). Both are sharply focused onto the retina.
®hen an object is viewed directly, the light forms an image in the foves, the center

of the macula. The typical result of & retinel injury is a blind spot or scotoma

within the irradisted srea. The optical properties of the eye aiso play an important
role in determining retinal injury. Such factors as pupil size, spectral absorption

and scattering by the cornea, agueous, lens and vitreous, as well as the absorption

and scattering in the various retinal layers will now be described in order to

help to get a better idea of the possiblc lesions.

The limiting aperture of the eye detercines the amount of radisnt energy entering
the eye and therefore reaching the retina. The energy transmitted is proportional

to the arez of the pupil. There is a3 big difference between the pupil size of a
normal dark-adapted eye and that of an outdoor daylight-adapted eye. The constricted
pupil norz=ally accepts onesictecnth of the light adsitted by a dark-adapted eye

It is important to remezber that pupil size for a given environzent varies with

age, emptional state, and other factors - notably the use of some medications which
create abnorsally large pupil sizes. Also darection of the rays is of importance:
The centrsl ares of the retina is more effective in producing the same pupil censtriction
than per:pheral parts. The Jdifferent regions of the retina play different reles

in vision due to their different power of resolution.
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Therefore the significance of functional loss of ail or part of any one of these
regions varies. The grestest visusl scuity is localized in the fovea loss of this
retinal area drasatically reduces-vision. A centrsi scotcoma would ofcur if as indi-
vidual were looking dxrectly at the source of the incident laser radistion during
exposure. The size of the scotoma would depend upon whether the iniury w2s near

to o. far sbove the threshold irradisrce and the angular extent of the source of
radiation. A scotoma due to 2 lesien in the per iphérsl retina asy even go unnoticed.

As pointed out previously the visible and near infrared radiation is transsmitted
through the ocular cedia and is sbsorbed principally in the retinas. Heowever, it

rust first pass through the neutral layers of the retina before reacﬁzng the retinal
pigzented epxthelzu" 2nd chorioid. The retinal pigszented epithelius absorbds about

50 % of the light and is optically the cost dense absorbent layer. As the 2biorption
takes place in a h:ghly concentrated layer of melanin granules, the greatest texpe-
rature rise exists in this layer. The mechanisz of injury is considered to be largely
therzal for zccidental exposures from CW lasers or the sun for durations on the
crder of 0,1 s <o 18 s or froz exposures fros long-pulsed lasers or flashlanps

on the order of 1 =s to 10 =s. Since iInjury appears to resvlt principslly fros
protein densturaticn and enzyme inactivation, the variation of tesperature with

tize of the retinal tissve during and following the insult nust be considered.

Thersal injury is a rate process, therefore no single critical tesperature exists
above which injury will take place independent of exposure Juration. For narrow

ranges of exposure duration, a critjcal tesperature should predict injury thresholds
if photochesical =ffects are not present. Shorter exposures require grester tesperatur
elevations for the sase degress of retinal injury - at least for exposure durations
greater than 1 ns.

It seess that life - long exposure :to light plays 2 role in retinal 2ging. Certain

age related retinal changes say oe light initiated. There is a strorg similarity

between histological and vltrastructural changes in aged retina and :hcse in retina

expericentally exposed to intense light sources. Stugies were conducted during

and following Horld Har II of the effects of prolonged exposures of individuals

tg bright ourdosr environaents upon night vision and retinal sensitivity. Lifeguards

exposed to the high Iv=zinance environ=ent encountersd 3t the seashore have shown -
baoth s short ter= depression in photoptic sensitivity and a marked iong tera loss

of scotopical ( night) visien.

Prevention of laser-induced injurie

The best protection of the eyz is not to look at the light. There are aiso laser
protective eyewear, i.e. goggles, spectacles and standard spectacles with special
lenses to preveat ccular injury fro= laser radiation. Yarrow band-filter eyewear
will reject specific laser wavelengtihs while transzitting light regquired for vision
Sensor activated high speed shytiars or photochezicalily reacting absorbing protection
glasses a2lsc might 5e helpful.

The eyewear protects the eye, but aliso say reduce vision, the wisval field and
military perforzmance under low light conditions.

Literatur:

i. SBunzenhauser, Jeffrey D.: Medicel Research znd Developzent Comnani Progress
in Research and Developzent Coszand Progess in Research on EUCOE Travas. Hilitary
Laser Eye Problems and Protective Eyewear, USA 1330,

2. Hecht, Jeff: The Laser Guidebosk,. ¥ew York 1385,
3. Knevbuenl, Kurt, Sigrist, Werner: Laser. Stuttgart 1589. -

4. Sliney, David, ®Wolbarsht, Hyron: Safety with Lasers and other Optiecsl Sources.
Hew York, 1980.
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EFFETS OCJLAIRES DU FLASH NUCLEAIRE ET EVALUATION DE L'EBLOUISSEMENT ASSCCIE
L. COURT, V. COURANT*, G. SANTUCCI* et J., CHEVALEREAUD®.

Centre de Recherches du Service de Santé des Armées, 38702, La-Tronche, France.
* Centre d'SBtudes Nucléaires, 92265, Fontenay-aux-Roses, France.
T Centre d'Etudes et de Recherches de Médecine Aérospatiale
91228, Brétigny-sur-Orge, France.
® Centre d'Expertise Médicale du Personnel Navigant, 75015, Paris, France.

RESUME

Aprés 1'exposé d'une définition de 1'éblouissement et des mécanismes vespongables, ce travail
propose une analyse stacistique de dennées expérimentales permettant de définir un estimateur préeis du
tempe de récupération d'une acuité visuelle de 3/10 pour une luminance de tiche donnée apris exposition 3
un flux lumineux intense de lumidre aon cohérente, d'un sujet humain adulte adapté a 1'obscurité.

I INTRODUCTION

Les effets lumino~thermiques des armes nucléaires sur la fonction viguelle sont de deux types :
~ 1'éblouissement : . & court terme, c'est 3 dire de 1'ordre de la minute,
. i long terme avec atteinte réversible de la fonction visuelle,
- les brilures rétiniennes.

Les résultats des recherches opérationnelles sont sensiblement les méres dans les différentes
armées du monde : il s'avére que l'éblouissement et & fortiori la brllure rétinienne définitive peuvent
compromettre de manidre inacceptable l'action du personnel engagé dans une mission décisive.

Aprés une analyge des différents paramétres en cause et une revue de la littérature internationale
portant sur 1‘ébloulssement expérimental, il est proposé une comparaison des temps de restauration
permettant de retrouver une acuité visuelle compatible avec une tache visuelle définie, en fonction de
1'¢énergie intégrée du stimulus au niveau de la rétine.

L'analyse des travaux expérimentaux est rendue difficile par deux facteurs :
- la diversité des conditions d'éblouissement (nature de la source, angle sous lequel est vue la source,
définition de la tdche visuelle),
- 1l'utilisation d'unité des mesures différentes.

II LE FLASH NUCLEAIRE
Deux concepts sont importants en unités radiométriques .

- la puissance ou flux, c'est & dire l'énergie délivrée par unité de temps en watt ou cal.s™! et
1'irradiance, ou énergie par unité de temps et de surface en watt (ou cal.g™ 1) .em=2,

- 1'énergie totale en joules ou calories, et l'exposition, ou énergie totale par unité de surface 2n
J {ou cal}.cm~2.

Dans le cas des armes nucléaires, l'énergie délivrée est considérable .ais son évolution temporelle
va dépendre de la puissance de l'arme. Pour des engins inférleurs 3 100 XT, la plus grande partie de
1'énergie est délivrée en moins de 150 ms donc en degd du délai du reflex palpébral (fixé & 150 ms en
France). Pour des énergies bien supérieurcs, le réflex palpébral et le détournement de la téte vont conduire
+ des phénoménes plus complexes.

L'atteinte de la fonction visuelle va dépendre :

= de la température de couleur dont l'influence sera d'autant plus grande que 1'émission apparait dans
une bande de longueur d'onde ol la sensibilité de la rétine est maxirale (555 nm).

~ de l'éclajrerent intégré sur la rétine en watt. em—2 que 1'on peut également exprimer en troland.s,
unité physioicgiquc qui exprime le flu: lumineur total passant i travers une pupille dont la surface est
donnée en mn® ¢ 1 troland = m? x Luminance en candéla.m2.

~ de 1a visibilité qui joue comme un facteur d'atténuation et de diffusion. Si le £lux est direct, aon
diffusé, il s'accompagre de la formation d'une image et 1'atteinte de la fonction visuelle va dépendre de
sa localisation sur la rétine.

II1-L'EBLOUISSEMENT

C'est une perte temporaire de la fonction visuelle chez un sujet soumis & une énergie lumineuse
supérieure & celle de son niveau d'adaptation. Il se traduit par des phénoménes $lectrophysiologiques et
biochimiques au niveau de la rétine et dans une moindre mesure au niveau des voies, relais et aires de
projection.et d'associations vinuelles.

En Pratique, sure quantitative de l!'éblouissement est le termps nécessaire & la récupération
d'une acuité visuelle ( _partielle déterminée ou totale, ou encore d'une aptitude & réaliser .une épreuve,

c'est 3 dire 1a teconnaissance a*un symbole. La définition de 1'epreuve, ou tiche visuelle, ne peut donc
&tre séparée de la définition de 1'éblouissement. En régle générale, le temps de récupération a été Studié
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-~ pour des tests non mémorisables comme le retour A une AV de 3/10 nécessaire pour la lectuce d'une
ttre ou d'un anneau de Landholt,

- pour des test ndworisables comme le retour & une AV perm~ttant la lecture d'un cadran ou d'un
{ tableau de boré.

De nombreux paramdtres vont influer sur la mesuze de I'éblouissement.

I1I-1 Paracérres permettant de définir 1'ébloulssement

P

I115~1-1 L'¢nergie radiante du stimulus.

C'est le facteur essentiel. En rigle générale, le temps de récupération (TR) augmente en fonction
de 1'¢énergie luminszuse intégrée. On peut exprimer TR {en secondes) par :

TR2¢K; Log E + & !

ol Ky est un facteur dépendant de la luminance de l'objet visualisé. Cette fonction n'est approximable que ’
pour E compris entre 2. 10% et 5.108 troland.s.

III-1-2 Angle @¥) sous lequel est vu le stimulus et localisation de 1'image rétinienne.

Le iR est d'autant plus long que 1'image rétinienne, fonction de &%, est grande.
Trés approximativement :

—— o —

log SR Ky Log () + b

En réalité des études expérimentales ont montré pour o{< 2°, le T est Sensible & de fzibles
variations de la luminance de la tiche alors que pour 2°¢w < 15°, TR reste quasi constant avec la luminance.

L'AV diminue trés vite de la fovéola & la périfovéa. A 10° du centre elle n'sst plus que de 4/10
et 1/10 & 30°. 51 1'image du stimulus couvre 2,5° gur la fovéa, 1'AV est réduite & 60% de sa valeur.
Selon la localisation de 1'image du stimulus éblouissant et celle de l'objet visualisé, plusieurs cas se
présentent :

~ L'image du stimulus éblouissant se forme sur ia fovéa :

» 81 13 détection-de l'cbjet visualisé est sur la fovéa, le TR est le plus long car la
lecture se forme sur la post-image (perception d'une image fictivej.

. si la détection est péri-vovéale, le TR reste long car la sensibilité péri-fovéale de la
rétine est plus faible. !

- L'image du stimulus éb:-wissant ne se forme pas sur la fovéa. Pour un objet détecté sur la fovéa,
le TR est d'autant plus couvrt que a distance séparant les deux images est plus grande. Si 1'image du
szimuius et de l'objet se superposent, le temps de récupération reste long.

III-1-3 Niveau d'ada,tation avant la stimulation et diamétre pupillaire.

Bien qu'étroitement lides, il n'y a pas identité entre les deux. L'zdaptation est une variation de
1a sensibilité rétinienne conditionnant 1'ouverture de la pupille. En pratique, le niveau d'adaptation en
lui-méme n'a d'effets que sur 1a lisipilité de la tiche visuelle ; le TR sera surtout fonction du rapport
existant entré la luminance de l'objet visualisé et 1'éclalrement définissanc le niveau d'adaptation.

~ En vision photopique (luminance du champ visuel e 318 cd.m-2),
D = 2-3 mnm,

- En vision scotopique (luminance du chamrp visuel de 0,318 cd.m"2],
D = 7-8 mm.

Ceci donne un rapport de 5,5 & 1 dans l'énergie intégrée au nivesa de la rétine. De pius, le
diamdtre pupillaire est une fonction du temps : Si la pupille réagit en 1 ms, elle n'atteint sa valeur
d'équilibre-avec le milieu g'adaptation que plus tard (2 s).

P

Adaptation et diamétre de la pupille influencent le plutdt le TR durant la reconnaissance de la
téche visuelle ; sur le plan pratique, un sujet adapté & la vision photopique aura un TR plus iong ¢qu'un
sujet -adapté a-1a vision scotopique pour Céchiffrer une tiche sous luminance faible.

™

™

1II-1-4 Luminance et nature e la tiche visuelle.

Dans la gamme d'énergie de 107 3 5.108 tr.s, le TR ¢st d'autant plus long que la lumindnce (L) de
1l'objet visxialisé est plus faible selon l'expression :
i . -t ] L&y (TR} 2+Kg Log L +¢
i et cecl pour un sujet adapte en vision scotopique. ¢ varie selon la dimension de 1'image du stimulus -
. (fonction- dec(). Ky ést volsin de 0, 8. L'effét da la luminancé est d'autant plus grand que la luminance N
est- iaible (D((l "1x}) 3~ pour dés luminances elevees, 1'influence Sur le TR est beaucoup mo:ns importante. )
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Pig. l: Temps statistique nécessaite au retour d'une acuitéd vasuelle ée 3/10, d'un g_gjet normal,
adulte, adapté & 1'obscurité (en secondes). Luminance de la téche: 0,3 cd.m

Fig. 2: Facteur correctif :;u TR en fonction de la luminance dgzla téche. . 2
Exemple: pour 3.10°tr.s et pour une tiche de 0,3 cd.m , TR = 70s. Pour une thche de 200 cd.m ’
le facteur correctif est 10, ce qui vaméne TR & 70:10 = 7s.

Le TR est fonction des dimensions de 1'objet visualisé et de sa forme. 11 diminue lorsque 1'angle
sous lequel est vu l'objet augmente.

Pour des tests non mémorisables (lettres, anneaux) le TR est en cénéral plus long que pour lire les
indications d'un tableau de bord.

A ¢énergie égale le TR sera plus court si le spectre d’émission est calé dans une bande de longueur
d'onde ol la sensibilité de 1'ceil est maximale,

III-2 Btude statistique des résultats.

L'analyse de 350 donnédes expérimeritales, obtenues tant sur le terrain qu'au laboratoire, a permi
de définir les TR compte tenu de l'exposition et des pararétres physiques de la téiche visuelle. Deux
paramdtres ont été retenus :

- L'éclairement_intégré sur la rétine lors de llexposition au fiash (recalculdes en troland.s),

- La luminance de la tiche (en cd.m-2).

AT i

L'ensemble giesAEééultats porte sur des tests mémorisables (retour A une AV de 3/10) et des tests
mémorisables {lecture d'un cadran).

On peut ainsi proposer un estimateur assez simple d'emploi, susceptible de donner une estimation
du TR, et _qui est un temps statistique -nécessaire au retour d'une activité visuelle de 3/10 diun adulte
normal, adapté & l'obscurité (figures 1 et 2).
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Fig. 3: Distribution des écarts entre le TR mesuré () et les TR estimés par les abaques des Eégures 1et
2 pour les mémes conditions expérimentales. Cette distribution concerne 350 données expérimentales.

En outre, dans 90% des 350 cas retenus, la prévision mathématique donne le temps de récupération & moins
de 408 prés, ce qui est meilleur que 1l'incertitude dont est entachée une bonne part des résultats
expérimentaux (figure 3).

Iv LES LESIONS IRREVERSIBLES

Ce-sont les-briilures. On s'est surtout intéressé A la recherche des valeurs iimites d'exposition,
A partir d'études expérimentales sur le terrain ou en laboratoire, mais aussi de donaées en ophtalmologie
clinique.

Ces valeurs limites sont surtout fonction de l'énergie intégrée (exposition) mais aussi du
paramétre temps & travers l'irradiance.

-A titre d'exemple, on peut citer trols travaux :

- Demott et bavis ont montré chez le lapin, le cobaye, le chien et le singe qu'aucune 1lésion
n'apparaissait pour des irradiances de 0,7 cal.cm~2.8™%, quel que soit le terps d'exposition. Pour ces
auteurs, avec une-irradiance de 27cal.cm2.8~}, le seuil de lésion est de 1 cal.cm 2.

-~ Pour le document_allemand PINABEL, les distances de sécurité ont été proposées sur une base de
0,1 J.om™2 et de 0,5 J.cm™“ intégrés & la rétine sur les 170 ms retenus pour le réflex palpébral.

- Le rapport US, DASIAC AD 765 334, propose un seuil de lésion pour une élévation de température
de 10°* & 30°C & la surface de 1'épithélium pigmentaire.

. Il‘egt faisonnablé-d'adopter pour -1'instant des valeurs de seuil correspondant & une exposition
de 0,1 J.om™“.
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Mais ce seuil va varier avec la dimension et la position de 1'image sur la rétine :

- Une lésion intéressant 1l'aire comprise entre la macula et la papille (émergence des fibres) a
des conséquences gravissimes

- Une atteinte para-fovéale ou en périphérie de la rétine entrainera toujours un éblouissement
plus ou moins prolongé, mais dans ce dernier cas, la lésion peut n'@tre qu'une découverte & l'occasion
d'un examen du champ visuel.

En régle générale, une illumination avec lésion définitive entraine souvent la perte de la fonction
visuelle,plus ou moins marquée, une sensation douloureuse plus ou moins importante apparaissant
immédiatement aprés l'exposition et pouvant se prolonger.

V LES MOYENS DE PROTECTION

Ce sont essentiellement les filtres passifs ou actifs.

V-1 Les filtres passifs

- Les filtres de type interférentiel & large bande. Leur transmission maximale est de l'ordre de
0,1 & 10% dans le visible, mais leur bande passante est dans le jaune. Leur emploi n'a donc pas été retenu
par 1'Armée de 1'Air frangaise. Par contre & 1060 nm la D.O. est de 3 & 4.

V-2 Les filtres actifs

Les spéeifications idéales d'un filtre actif sont les suivantes :

. D.O. & la fermeture 4,

. Terps de réponse pour passer de :

1'état ouvert a 1'état fermé : 100 ps pour atteindre une D.O. = 3,
1'état fermé & 1'état ouvert : 0,5 4 5 s.
. A l'ouverture transmission de 35 a 50%,
bonne vision des couleurs, .
charp visuel latéral minimum de ~ 60°.

. Réalisable sous forme de visidre-plan.

Parmi les différentes solutions expérimentées, on peut citer :

- Les substances priotochromes activables et yéversibles présentant un spectre d'absorption dans le
visible important et une cinétique de réaction rapide mais nécessitant une énergie de mise en ceuvre non
miniaturisable et incompatible avec un équipement personnel (1500 V).

~ Les céramiques PLZT (plomb-lanthane-zirconium-titane), déclenchable par photodétecteur. Leur

transmission & 1'ouverture est de 15 & 20% et de 0,01% entre 480 et 680 nm. Leur temps de réponse est de
30 3 100 ks selon la transmission. Non retenus car trop cofiteux actuellement.

* R T L ENBIPET Nl 2o
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ULTRAVIOLET RADIATION EFFECTS ON THE CORNEAL EPITHELIUM

Morris R. Lattimore, Jr., 0.D., Ph.D., MAJ, MS, US Arnmy
Visual Sciences Branch, Sensory Research Division
U.S. Army Aeromedical Research Laboratory

Fort Rucker, Alabama 36362-5292
(205) 255-6207

Abstract Introduction

Since military troops are involved
in extensive outdoor activities with
chronic expcsure to solar radiation, and
since ultraviolet radiation- (UVR) lacers
may play a role in the future nmilitary
environment, a thorough understanding of
UVR damage mechanisms would be crucial to
the development of intervention and
treatment modalities. The present
research was directed at quantifying
possible alterations in corneal
epithelial metabolic activity secondary
to jin vivo exposure to UVR in the rabbit.

Abstract Methods and Results

A 5,000 Watt Hg-Xe arc lamp served
as the UVR source: The radiant exposures
were kept constant at 0.05 J-cm’® for all
UVR wavelengths used (290, 300, 310, and
360 nm). Wavelength isolation was
acconplished with a double monochromator
providing a 6 nm full bandpass. The four
experimental wavelengths were chosen
based on an interest in maintaining an
environmental relevance, since 290 nm UVR
and above can be found at the earth's
surface. Micropolarographic measurement
of corneal oxygen uptake rates served as
an ip vivo index of UVR~induced effects
on oxidative metabolism.

Microfluorometric analyses of key
epithelial energy metabolites (glucose,
glycogen, ATP, and PCr) were used as an
in vityo index of UVR-induced effects on
overall metabolic activity. A paired
difference analysis of the oxygen uptake
rate data demonstrated a decrease in
relative corneal oxidative metabolic
activity that was wavelengrh-dependent.
These same experimental UVR exposure
conditions served to sianificantliv
increase epithelial glucose and glycogen
concentrations. Although. the epithelial
ATP concentrations were unchanged, the
epithelial PCr concentrations (a high
energy phosphate bond resérvoir).
decreased as a result of UVR exposure.

Abstract conclusicns

These data demonstrate a decrease in
corneal epithelial oxidative metabolic
activity as a result of UVR exposure, and
infer an adverse effect on glycolytic
metabolism, as well. It is suggested
that immediate UVR-inr ijced metabolic

inhibitory effects can be responsible for

the pattern of epithelial cell loss seen
in photokeratitis.

INTRODUCTION

Ultraviolet radiation (UVR) has been
implicated within public health arenas as
a potential stimulus for degenerative
ocular changes since the time of the
ancient Greeks.' Recent speculation
concerning changes in the nature of the
atmosphexic ozone layer has led to
increased interest in adverse effects of
UVR exposure. The advent of UVR lasers
have further spurred research interest
ccncerning the determination of possible
mechanisms of action, since the
developnent of a full spectrum of
applications is dependent upon a thorough
understanding of operant mechanisms.

The iceal tissue for investigating the
in vijvg effects of UVR is the corneal
epithelium. As the most anterior tissue
layer of the ey.,6 the corneal epitheliun
is subject to a direct interaction with
incident radiation. The tissue is
uncomplicated by spurious absorbers,
thermal effects, or pigmentary
photochenistry. Additionally, its
avascularity and accessability enakle
response gathering uninfluenced by
circulatory system factors remotely
external to the tissue. Fina.ly, the
corneal epithelium is exposed to UVR on a
daily basis, so exposure studies are not
subjecting the tissue to a completely
unnatural condition.

Many investigations into the effects
of UVR on the corneal epithelium have
concentrated on morphological evaluations
utilizing the biomicroscope, the light
microscope, and/or the electron
microscope (Verhoeff and Bell, 1916;
Cogan and Kinsey, 1946; P‘.ts and
Tredici, 1971; Ringvold, 1980 and 1983).
Such studies have provided detailed
irformation concerning the delayed
structural changes characteristic of UVR
damage that occur 4 to 12 hours after
exposure. As a result of this
histological detection delay, information
concerning either immediate or functional
affects of UVR cannot be probed by such
methods.

Millodot and Earlam (1984), seeking to
evaluate this damage-delay phenomenon,
revealed the presence of a period of
decreased corneal .sensitivity immediately
following exposure to UVR, Their finding
appears to signify an immediate effect of
UVR upon the sensory neurons subserving
the corneal epithelium. If such is the
case, and Knowing that these axons appear
deep within the basal cell layer of the

' Xehophan's treatise "Anabasis" discusses the condition of
#snowblindness.”
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corneal epithelium and within the
anterior stroma, it would be reasonable
to assume that there might also be an
immediate effeclL of UVR on the corneal
epithelium itself. Therefore, the
purpose of thls study was to evaluate the
possible immediate effect of exposure to
UVR on the metabolism of the corneal
epitheliunm in the rabbit.

Selection of the exposure
wavelengths (290, 300, 210, and 360 nm)
was based on an interest in maintaining
an environmental relevance. Aan

asditional factor was the intention of
creating a distinctive span of effects by
maintaining a constant level of radiant
ekposure at 0.05 J-cm™ with varied
wavelength challenges. Measurement of
the corneal oxygen uptake rate served as
an in vivo assessment of eplthelxal
metabolic activity, while micro-
fluorometr;c metabolite analyses served
as an index of epithelial
metabolic activity.

MATERIALS AND METHODS

o adult, pigmented rabbits (2-2.5 kg)

o anesthesia: Ketalar (10 mg/kg! and
Rompun (5 mg/kg)

o source calibration and radiometric
quantification duplicated procedures
described by Pitts et al (1977)

{for a comylete description, see
Lattimore'® (1989)]

o in vivo experiments allowed return
of rabbite to vivarium for non-
ocular research

» nicropolarographic system
duplicated that of Benjanin
and Hill (1986)

{for a complete description,
see Lattimore® (1989)]

« five baseline oxygen uptake
recordings from each eye

+ animals with excessive baseline
variation rejected

« predetermined radiant exposure

+ recordings again made two
minutes after UVR exposure
discontinued

+ paired-difference analysis

o jn vitre experiments necessitated
sacrifice by cervical dislocation 2
minutes after UVR exposure
(for a comglete description, see

Lattimore (1989) ]
+ eyes inmediately removed and
immersed in liquid nitrogen to
préevent significant change in
metabolite levels
» control animals; ~ mock-
exposure, idertical procedures
+ =80° C freezer stcrage of eyes
+ cornea removed from globe,
-30* C Wedeen cryodstat
. corneal halves' ounted on a
c*

t6 pravent condensation=
stimulated enzyme action

+ 3X binocular dissecting scope
used to isolate epithelium

¢ tissue size deternmined by dry
weight, quartz fiber fishpole
balance (ug sensitivity)

+ placed in oil well rack for
specific metabolite assay

« utilized microfluorometric
techniques established by
Lowry and Passonneau, 1972

REBULTS

Introductory data (Figures 1 and 2)
have been previously published
(Lattimore, 1989%; Lattimeore, 1589%, and
are currently used as a basis for
detailed analyses. Figures 3 and 4
isolate oxygen uptake as a function of
corneal epithelial PCr, ATP, glucose, and
glycogen ~oncentrations. In the current
unit formac thesr data are not easily
compared in any “ashion other than in a
general graphical selationship. Within
this general framework there is very
close correiation, implying a direct
relationship between UVR-altered oxygen
uptake rate and certain metabolite
changes. ATP was found to be stable
acress all changes in oxygen uptake
associated with UVR exposure (r = 0.07).
Glucose and glycogen were found to
accunulate as a function of UVR-altered
oxygen uptake (r = 0.97 and 0.98,
respectively); PCc depletion also
correlated well with changes in UVR-
altered oxygen uptake rates (r = 0.84).

Figure 1
UVR-Altered Corneal Op Uptake Rate-
Extrapolated Projection to Baseline
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Caption for Figure 1

By plotting *:e UVR-altered corneal
oxygen uptake rate data as a function of
wavelength, and by making separate
data-sets for each radiant exposure, a
"family" of plots is obtained. A two-way
analysis of variance demonstrated an
overall significant between-groups
difference (p < 0.0001), as well as
revealed an interactive effect between
wavelength and dose {(p < 0.005).
Unexposed eyes exhibited no significant
change in corneal oxygen uptake rates
uver the course of the experiment.
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Figure 2
UVR-Alteration of Corneal Epithelial detabolites
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Caption for Figure 2

Figure 2 provides a bar-chart
illustration of-various epithelial
metabolite concentrations as a function
of the wavelength of UVR exposure. An
analysis of variance of the data
demonstrated a highly significant
overall, between groups effect (p<0.0001)
for glucose, glycogen, and PCr. An
analysis of variance of ATP data failed
to demonstrate a significant effect
(p>0.65), illustrating an apparent ATP-
sparing process.

Figure 3
Corneal O, Uptake vs
Epithelial Enérgy Metabolites
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Caption for Figure 3

Plotted decreases in the oxygen uptake
rate as a function of PCr and ATP,
illustrate ATP-sparing at the apparent
expense of PCr.

Figure 4
Corneal Oy Uptake vs
Epithelial Metabohic Accumulation
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Plotted decreases in the oxygen uptake
rate correlate highly with accumulations
of glucose and glycog«sn. However,
plotted units are not directly
mathematically comparable. Therefore,
the established relationship between
oxygen and glucose should, for the
moment, be considered a qualitative
relationship only.

DISCUSS8ION

The corneal epithelium is known to
conduct both aerobic and anaerobic
metabolic activity concurrently
(Kinoshita and Masurat, 1959). According
to some estimates, the rabbit corneal
epithelium routinely consumes up to 85%
of available glucose in anaercbic
channels, with the remaining 15% used via
aerobic channels (Riley, 1969). When
anaerobic conditions are artificially
imposed upon a cornea {i.e., by the
application of a thick contact lens), the
tissue response has been portrayed to be
increased anaerobic activity, inferred by
the depletion of epitheliul glycogen
stores (Uniacke and Hill, 1972). Yet,
under the UVR exposure conditions of this
experiment, decreased oxygen utilization
was evidenced with a contradictory
accumulation of both glucose and
glycogen, rather than the expected
depletion. This paradox led to the
exarmination of oxygen uptake changes as a
dependent variable of key metabolites.

The results indicate: a decrease in
oxygen consumption, an apparent decrease
in glucose utilization, a stabilization
of ATP, and a decrement in PCr. The
manifested close relationship between the
research variables point toward an
alteration of oxidative or mitochondrial
activity resulting from UVR exposure.
Additionally, paradoxical glucose and
glycogen accumulations suggest a
secondary underlying effect on the
anaerobic or glycolytic chain. A global
enzyne inactivaticn can be excluded
because glycogen and ATP storing are
enzymatically mediated. Therefore, it
can be concluded that cbserved UVR
effects ara the result of more than one
damage meckanism. However, this close
correlation stems from a superficial
view; translation of oxygen data to
units more directly comparable could
provide a greater insight into operant
mechanisms of UVR damage.

By plotting oxygen uptake changes as a
function of exposure duration (Figure 5),
one can examine slope differences in
wavelength effects. The 360 nm data
possess a distinctly different slope than
the cther wavelengths. Since 360 nm
oxygen and PCr levels are not
significantly affected by UVR exposure,
it is likely that 360 nm effects of UVR
are not centered upon the mitochondria,
but elsewhere in the metabolic chain.
This analysis, however, doesn't
differentiate relative contributions of
mitochondrial and anaerobic effects
secondary to 290, 300, and 310 nm
exposures. In an attempt to accomplish
such-a differentiation, oxygen data was
mathematically integrated over the 0.05
J/cm® radiant exposure period. It was
not necessary tc ‘do this for metabolite
data, because metabolite data represent a
natural integration over the total
exposure.

=
=2
=
2




-Figure 5
Altered Op Uptake vs Exposure Duration
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Conmparison of the oxygen-exposure tinme
slope data highlight 360 nm effects to be
independent of other wavelength
mechanisms of action. The combined
absence of oxygen effects accompanied by
glucose accumulation suggest the presence
of a damage mechanism isolated within the
anaerobic stages of metabolisnm.

Figure 6
Direct Comparison of UVR~Altered
0o Consumption to Metabolite Changes
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caption for Figure 6

Total Decrease in Op Consumption

Total glucose and PCr concentrations
for 290 nm exposures are clearly outside
any potential linear relationship that
might be suggested by 300, 310, and 360
nm data. This dramatic dropoff in PCr,
combined with the nonlinear accurmulation
of glucose found in 290 nm exposures
suggest the presence of a damage
mechanism isolated at the level of
nitochondrial function.

Since oxygen data are theoretically
translatable from mm Hg 0,/sec to ul/cm?,
and metabolite data can be translated
from nmol/ug to -nmol/cm?, a directly
comparable .wiit correlation may be
obtained. This method of data
presentation.(Figure 6) highlights the
relative relationships between
mitochondrial and anaerobic-metabolism,
with UVR -wavelength: -Short wavelength
UVR (i.e,, 290:nm-and.possibly shorter)
are-shown to.possess- predominantly-an
adverse-mitochondrial effect-on -the
corneal epithelium,.:since -PCr
dramatically falls off compared to the
other wavelength exposures, and total
glucase accunulations are much less than
a standard, linear model would predict.
As_the exposure wavelength increases,
total glucose accumulation and pcr
depletion conférm to a linear
rcpresentation-when conpared to

equivalent oxygen decrements. Therefore,
it can be concluded that observed UVR
effects on the corneal epithelium are the
result of nmore than one damage mechanism.
UVR exposures at or near 360 nm will
produce effects predominantly by way of
disruption of anaerobic/glycolytic
netabolic pathways. UVR -exposures at and
possibly below 290 nm will produce
effects predoninantly by way of
disruption of aerobic/mitochondrial
metabolic patl says. UVR exposures at
intermediate wavelengths will produce
compound effec :s on the corneal
epithelium involving both damage
mechanisms.

SUMMARY

Corneal epithelial metabolism is
affected adversely by a dual mechanism of
UVR damage. This duality differentially
presents itself dependent upon exposure
wavelength. While considerable overlap
is possible, clearly short wavelength UVR
is predominantly toxic to the
nitochondrial system, while longer
wavelength UVR predominantly affects the
anaerobic metabolic pathways. Dual
damage mechanisms, with overlapping
action spectra could complicate the
development of intervention and treatment
modalities. Specific enzymatic analyses
will be necessary to fully elicit
wavelength specificities and potential
treatment options.

1. The views of the author do not
purport to reflect the position of the
Department of the Arny or the Department
of Defense.

2. citation of trade names does not
constitute official Department of the
Army endorsement or approval of the use
of such commercial items.

3. All procedures involving animal
research adhered to guidelines
established by the National Research
council Committee on Animal Research.
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EYE DAMAGE INDUCED BY SOLAR RADIATION .
by

H.Brandl and F-J .Daumann
German Air Force Institute of Aerospace Medicine
Postfach 1264/KFL
D-8080 Fiirstenfeldbruck
Germany
The visible spectrum of the sunlight is but a small fraction of the huge spectrum of
electromagnetic waves called light which 1s vital for the exis*ence of life.

B Part of the population increasingly exposed to solar radiation for reasons of profession
are the flying personnel. The question concerning nozious effects of =olar radiation and
especially high altitude radiation on the eye deserves differentiated consideration. The
predominant portion of radiation arriving on the earth stems from the sun, a smaller
percentage reaches ug from other radiating sources. Upon entry ints the atmosphere the
various layers cause scattering absorption, emission and radiation transmssion
dependent upon wavelength.

- - What types of rays and radiation energies are prevalent i1n cruise altitudes of i¢ km?

N Considering effects and occurrence two types of rays are to be found., :1.e. ionizing and

- non-ionizing rays. Both types of rays are subjected to different attenuation during
penetration of the atmosphere.

Ionizing radiation:

Typical representatives of this type of rays are alpha~-, bata-. gamma-. and n=zuiron roys
as well as short wave-UV-rays (< 100 nm). These rays are chiefly triggered off by
protons from the gsun which i1nduce this radiatior because of 1nteéractions of atems and
molecules of the various atmospheric layers.

The primary cosmic radiation 1s under the i1nfluence of the eartn’s magnetic field. For
this reason and dependent upon the geographic latitude man 15 exposed to varying . .
radiation effects.

When describing the effects of i1onizang radiation (3i5.5 eV) on biologic makerial one
has to differentiate hetween the effects on molecular, gellular, and orgamic lavels, In
addition to the dissoc:ation of water melotules. icnotation generates radicals alsc from
the other melocules, which in turn sttack protein structures and change ther. Taa DNA
and RNA being carriars of the genes and regponsible for cellular control mechanisms do
have protective mechanisms and a certain degree of repair capacity. which again depend
on the rate of reproduction. Tha most sensitive reaction on an organic level aside from
the hemogenetic formation is found 1n the human lens {ICRF 40, 1984},

—raya

Alpha~rays occurring naturally have only a smalil range below 0.2 mwm. whereas het
eye, there-

~ of higher enerqy can readily penetrate to the lens. Gamma-rays penetrate the
by diminishing i1n strength depending on the eneray.

What is the reason for the sensitivity of the lens to 16nizing radiation™ The lens is
isolated from direct blood circulation with all consequences. 1t 15 a closed cell system
which grows for nearly a lifetime,

The pre-egquatorial, germinative epithel:al ceils are damaged. Proliferation and
differentiation of the lens fibre cells and crystalline areg disturbed (Bergeder et al,
1982).

Which cataract threshold doses for iocnizing rays cen be given today? As for tne lens the
energy dose for a single exposure is 2 Gv depending upon the assessment factor,

v

When observed in fractions the effective dose is elevated. ‘

The other pérts of the eye need an energy dose at least 10 to 15 timegs higher to induce
radiation damages. The gquestion then arises: Can tha& portion of ionizing rays pose a
danger to the eyes of flight personnel?

g oo

While the effective dose of natural radiation exporsure at sea level is approx. 30 nrem
{0.30 mSv) per year, it is twice as high at an elevation of 2000 m (UNSCEAR 1982).

At an- altitude of 12 km we are cxposed to approx. 0.4 mrem per hour, 1.e. to approx. 40 5

v or 4-mrem after a tan hour’s flight. A pilot flying 250 hours per year at such an
h altitude accumulates an effective dose of approx. iC¢ aSv or 1 rem. Zecause of the z
o Gractxcnated dose over a long period of time the threshold value triggering off a
- cataract zs not nearlv reached.

Radiati iamages to eye lids, conjunctiva, cornea, retina, and optic nerve can only be
establxshed, if the energy doses reach 30 - 5C Gy during fractionated radiation. These

are vaiues whith an airline pilot even with high above average £light hours will never

reach during his professional life.
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Non—lonizing Radiation:

Let us now turn to the alectromagnet:ic radiation with wavelengths greater tha.
which deposit energy under & eV i1n the biologic material,

Whereas sonizing rays display an unspecific behavior of absorption in bio.ugic { _sueg,
non—-ionizing rays are bound by various absorbers depending on the:ir wavelengths FPrc-
teins, RNA, DHA 10 the UV-spectrum should be mentioned, between 400 - BOO om .anin
(visien pigment), hemoglobin, santhophyl {(retinal; above 900 nm most of the absorpiion
takes place i1n water.

For short wave UW-light the eye is equipped with barriers, namely cornea, aquesus “uwor,
and lens, which protect it well against 1onization. Higher energies in the UV-gpectrus
ang in the visible spectrum may trigger photochemical effects which may liberate

: radicals. In the long wave visible spectrum and above 800 nm unspec:fic thermal effecis
are predominant.

o —————— o ————

Light up to 320 nm is mainly absorbed by the cornea. while the lens absorbs between 320
and 400 nm.

The absorption capacity of the lens :increasses with age. This :i1s brought about by a
mechanism which still hasn”t been fully clarif:ied. and by a protection for the retina 1in i
the slus-light spectrum. The underlying mechanism 1S yet to be solved. !

-

Damages toc Indiv:dual Structures of the Eyve by UV-vis:ible Licht and Infrared Light

Wel: uncwn are UV-darages to the cornea. such as photokeratitis. with a maximum damage
at approx. 270 nm; all of us know the painful "san? i1n tne eyes" exporience with an
inflamed cornea combined with tears and | lepharvspasm after several bours of tatency.

- —————

This subaect was covered i1n detail by the presentation of Major M. K. Lattimore ent:tied
"Ultraviclet Radiation Effects on the Corneal Epitheiaum”.

Pterygium and basal:om among others are increasingly attested to istensive UW-C and LVY-B
Rpusures. . B

Fhotorschanic damages to the lens:

Now lets turn to the photomechanic damages to the lens:
- Tryptophan. thyrosin, pnenylalanin, ang cystern {Elstner 1987) are the adsorbears for JV-
A-light {Lermann S.}. Diverse protective mechanisms such as ascorbic acid, alphe-
. tocopherol, superox.de dismutase and katalasis retard the developmeat of tox:ic photo
: products. Under the influence of light an i1creased number cf cataracta nuclearis car be
- observad since the antioxidative glutathion effects are absent in the nucleus {fndly
- ‘ 1987).

Aiso diverse drugs in conjunction with light may accelerate cateract formation {(z.g.
sulfonamides, cyclamates, etc. For details see Martignoni 1985).

The underlying mechanisms for the onset cf phctochem:cal lesions i1n the mammal rezina
were investigated by Ham et al. in 1984. Kremers et. al. 1988 anc van Norren reported 2
categories of photocnemigal lesions in the retina. 3ynergistic reactions to oxygen and
l:1ght are reported. The fundamental research word will be presented by van Norren
tormorros. Liberated oxygen radicals, hydrogen perox:dé and Singuistt-oxygen are n
responsible for phototoxicity, These radicals atta the membranes of the outer 1
of the photoreceptors. The result :s a castruction of the outer ssgments of :he o
regeptaors,

PRRTIE I

Further exposure to iight may finally end in a compleie anmih:iatios cf the ohoto
receptors.

7o protect the photao receptore thare 1z not only an enzym-atic defense system cons:isting
of cataiases, peroxidases and S0D but also gome ssec:al antioxidants, vitamine C andg E,
Fositive changes to the foxic oiygen threshold are also brought ancut 5y cortisone and
beta-czrotene. Furthermore the regenerative abil:ity of only slightly damaged photo re~
ceptors s remarkanle. On the basis 5§ these defense - and repair systems whith iry to
keep up w#ith damage elimination caused oy light exposure 1t 18 gxtresely difficult to -
quac~tify light inducec damages. Sliney, D, H. reporis on it extensively in 1980 and
1984,

0 00 YR R O, T

There ae cues on the development of seniie macula degenerations as & iate mamifestation
of short wave light damages, but valid evidence is still missing. In contrast 1t is
B easier to preseat wavélengths and energy for threshold damages {Ham =t al.).

It becomes evident that the sensitivity to damages is closely associated with the
wavelength. Wavelengihs below S30 nm pose a disproportionally high hazard for retinal
R structures. Therefore the retina seems to be particularly sensitive to blue light.

P
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According to studies by Hawerth and Sperling-color vision disturbances in the blue light
spectrum are found already from a dose value of 0.5 J/cm2 on. For a timely research on
this subject I should like to make reference to Prof. Arden, who he&s investigated dis-
turbances in the blue~light spectrum with highly differentiated test methods.

Consequences for flight personnel:

The amount of solar radiation arriving at the upper edge of the atmospherz is about 1.3S
kW/cm2 (solar constantl.

&

. kW 1
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A=const
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Fig 1: Spectral Distridbution of Direct Solar Radiation

Toxs :llustration shows the extraterrest:ial solar radiation under a) (from Promet).
zone, the gasecus Iaysr at a heignt of about 20 - 35 km protects life from UV-A-B-

rad:at:on below approximately 290 nm (b). The Rayleigh-scattering further reduces the

radiation intensity {c1. {(d) shows absorption and scatter:ing oy aerosol. water vapor andg

oxvgen. (). Depicts additional reduction factors, see hatching under {(d). The direct

soler radiation on an aircraft corresponds nearly to the lowest graphical curve.

These values are sl:ghily below the maxisum permissible exposure (MPE).

Additional refleciive a~eas {(ocean, cloud cover) come close to tne zone of blue light

spectrum damages. Is there then a hazard of too high an amount of light for the eye?

The Transmission gualities of cockpit=canopies and visors:

The trancmission losses e.g. th-ough the clear-ressectively dark visors are such as to
crevent amounts of I:ght exceeding the damage threshold fros damaging the eyes even at
2n altitude of :6.000 meters, provided they are handled properly. Wavelengths shorter
chan 380 nm are bioczed.
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The-cockpit canopy of the Alphajet and the Jornado

have-been designad regarding their transeission prorar.i2e in-such a way as to preclude
damages under -noraal pilot behavior. This of course zxc: des intentiocnal prolonged
glances of more than 10 - 14 sec. duration directly int: the sun, for then the IFE
exceeded. But this is generaliy known.

As a further comzent may I state that neither long—distance airline pilots of the
tufthansa nor Bundeswehr piliois have ever cosplained about a photokeratitis or erythesas
of sensitive eye lids which could have been attributeé to fl.ght duty. A significant
incrpase e.g. of the cataract rate cannot be proven, ich would be very difficul:
anyway since different ways of lifestyle, visits to sslariums, durat:on of gxposure G
the sun whil@ on vacation a.s.o. would have to be considered when estimating tise of
exposure. Older pilots have a natural protecticn because of a ~hanged trans=:ssion
behavior of the lens.

v
[

Summary:

With the current sethods including color vizion tesis with the Hue-test (00 no eve
damages in the blue-light specirum of solar radxat.cr could so far be verisiec :n §§xgn=
personnel. Protective seasures through quality sunglasses or sun visors with a b
filtering effect and a cosplete biocking in the UV-spextrus =2o6st likely provige
proteztion. Our previous exper:isnce, however, should nst keep us fros striving for
refinesent ¢f examination methods especially in the “blue-light spectru=™ in a*ﬁ
to overlook insidices damsge. The point is to avord prototoxic dasage. It :
provide safety for the pilot; we can achieve this 5y an advancecent of knowleZge
measuring methods, and conseguent actions.
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AIRCREW SUNGLASSES

by

DR D H BRENNAN

RAF, Institute of Aviation Medicine

FARNBOROUGH  Hants

SUMMARY

The hazards of light are now better
understood and it is imperative that
aircrew, who may fly in ambient illuminance
levels reaching 150,000 lux or greater, be
provided with adequate protection. The
primar hazards are from the C.I.E.
photobiological bands starting at the ultra
violet B and extending through to the infra
red A although the latter is relatively
unimportant. Potentially the most serious
hazard is from the visible band below 500
nm; these highly energetic photons
congtitute the blue light hazard to the
retina. The spectral tranimittance of a
sunfilter must take into a&account these
hazards whilst at the same time not
adversely affecting colour discrimination.
A good sunfilter should not only protect
the eyes but also improve visual acuity and
contrast discrimination both in haze and
glare conditions.

OCULAR HAZARDS OF SOLAR RADIATION

. Solar radiation, as far as ocular
effects are .concerned, comprises only a
small portion of the electromagnetic
spectrum and  extends, for ractical
purposes, from the short ultra violet to
the " far infra red (100.nm - 10¢ tm). As
the damage ti ocular tissues at threshold
levels 8 waWVelength specific, it is
convenient to subdivide the spectrum into
wavebands on the basis of their biological
effect as recommended by the International
Comrigsion on Illumination (C.I.E.) (Fig
1).

1R () 30~ 100pm

1R(B) 1.4 - 30pm Cotnea :
h Agudous - z
1R {A} 780~ 1400nm
1 $um)

= - Retina

= — = co 4

Visitte 400 = 780nm- —————= —i -

UV (A) 315 = 4000m~

280 - 315nm
UV(B% 295 - 3150m

UV {C) 100~ 280om

Fig 1. -Spectral absorption characteristics
of.ocular tissues:

. The ultra:violet (C) extends. from 100
- 280 nm and: is largely absorbed by the
uppet -atmosphere, very little is present in
terrestrial solar radiation. It’ is also
absorbéd by nearly all transparent

materials. The effects of UV(C) are
confined to external tissues such as skin,

GUl4 652 UK

conjunctiva and the cornea, where due to
its very high photon energy it causes
tissue death, although its  penetrating
power is low. Fortunately, in aviation,
this wavelength band is unlikely to be
ercountered. UV(C) radiations are emitted
by Excimer lasers and thesec are now used in
refracltive surgery (photo-refractive
ablative keratectomy; to recontour the
central area of the cornea with, so far,
great success.

The uvltra violet (B} extends from 280
- 315 nm and, althougi penetration is
deeper than the UV(C), t is again,
primarily, absorbed by external tissues
where it-causes photochemical ‘burning’ of
the skin and the eye producing, after a
latent period, an inflammatori condition.
This most commonuly occurs artificially as
'arc welding eye’ or naturally as ‘snow
blindness’, Some of the longer wavelength
Uv(B) (295 - 315 nm) is able to reach the
crystalline lens where it may initiate
cataractogenesis. Wavelengths shorter than
320 nm are commonly referred to as the
actinic ultra-violet.

The ultra violet (A) 315 - 400 nm.
primarily affects the ocular lens where it
may be involved in the delayed, up to 10

earg, production of catavacts. The cornea
Xs a secondary absorber of UV(A).

The visible light 400 - 780 nm. This
wavelengch band comprises a myriad of hues
which commence in the violet and continue
through blue, green, orange and red, ending
in the deep cherry red. Sunlight contains
a mixture of all the wavelengths which the
eye can perceive. The shorter wavelengths
at the blue end of the spectrum are wmore
hazardous to the retinal photoreceptors
than the longer wavelengths due to the more
energetic nature of thelr photons.

In experiments with relatively long
exposure periods, 2reater than 10 seconds,
and relatively bright sources, blue light
has been shown to be damaging and dangerous
at lower levels than other bright sources.
This constitutes the ’'blue light hazard’
which is now recognised with appropriate
protection facto-s in codes of practice for
eye safety.

The Jirfra red (A) 760 - 1400 nm (1.4
m) . These wavelengths, 1like: visible
ight, are-refracted-by the cornea and lens
of>the e¥e*and may be:brought to a-focus on
the retina. This radiation is invisible
-and as ‘the retina-doés.not possess pain
fibres, damaging:-over-exposure.may=not -be
painful. It is thus capable of causing
burns which are neither seen nor felt,
although these are only likely to occur
with laser sources.
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The infra red (8) 1.4 - 3.0 ym and
Jnfra red (C} 3.0 - 100 gm  wsvelengths
are primarily absorbed by the skin and
cornea and cause & sensation of heat;
painful burns could result. In practice,
golar radiation burns from infra red (B) do
not occur.

Mechanisms of QOcular Damage

For light to damage tissue it must be
absorbed by that tissue (Draper’s Law).
When energy is absorbed rather than
transmitted it can cause damage by
photochemical, thermal or mechanical
(acoustic) mechanisms. Solar damage is
nearly always photochemical and may be
acute or chrcenic. The other two mechanisms
are usually associated with laser sources.

The first absorbing site in the eye is
the cornea which filters most of the
actinic, ultrs wviolet bhelow 320 an
comprising the UV(C) and (B) Dbands,
although, as previously stated, some of the
longer UV(B) photons from 295 - 315 nm are
able to traverse the cornea and reach the
crystalline lens. The UV(B) and (C) and
some of the shorter UV(A) wavelengths, when
absorbed in the outer layers of the eye,
can cause by photochemical mechanisms
a photokerato-conjunctivitis. With appro-
priate treatment this condition normally
resolves within 48 hours and, apart from
the pain suffered the cvondition, is usually
not serious. Should the damage extend in
depth, a permanent opacity may result with
the possibility of a severe visual
decrement,

The second absorbing site is the
crystalline leng and this predomipantly
filters the longer UV(A) photons from 315 -
400 nm, although some of the longer
wavelength UV(B) photons are also filtered
by the lens. The risk of any significant
amount of UV solar radiation reaching the
retina is small, but the retina can be
domaged by exposure to powerful sources of
Uv(a; such as a helium cadmium laser
{(2uchlich, 1984). The lenticular
photochemical effects of these wavelengths
can produce a cataract where the damage is
usually evident in the anterior capsule,
the underlying subcapsular epithelium and
the anterior cortex. The abgorption of UV
increases with age due to the increasing
presence of a yellow pigment in the lens
which. may be-a.by-product caused by the
effects .of -UV(A) on tryptophan. -Whatever
-the cause, this yellow pigment -helps to
protect the retina against the blue light
hazard but increases the incidence of
cataractogenesis.

The third and most important absorbing
gite -is the -retina and in- particular the
melanin in.the-retinal pigment epithelium
-{RPE) and the. pigments in the outer
segments of the photoreceptors. Kremers
-(1988)..arques that. bleached visual pigment
nmay be_an alternative to melanin. Although
the retina is primarily at risk from
visible wavelengths from 400 - 780 nm, it
is also at risk from near infra red
wavelengths extending out to 1400 nm (1.4
um), -as.these wavelengths; like those in

-the-visible band, -can.be hrought to-a focus

on:the retina: -More.accommodation  (+0.5

:to +1.00D) is.required.to focus.near infra

-red- wavelengths-than_is required to focus

those in the visible band. The retinal
hazard from the invisible near infra red
wavelengths would at first sight seem
gevere. In practice, the hazards of IR(A)
from solar radiation are small, even when
using visors or sunglasses which attenuate
visible 1light but not the IR(A). Such
filters ir attenuating the visible band
produce pupillary dilatation, and allow the
unfiltered IR{A) unimpeded access to the
retina. Retinal damage, however, does not
normally occur. The so-called eclipse
‘burns’ which can occur when the sun is
viewed through inadeguate filters, are in
fact photochemical in origin. They are
caused by the shorter blue wavelengths that
are at their maximum when the passage of
solar radiation through the atmosphere is
short, as when the sun is overhead. When
the sun is low on the horizon the shorter
wavelengths, but not the IR(A), are
preferentially filtered by the atmosphere
and it is uncommon for damage to occur.
The macular pigments themselves also
provide a selective absorption of blue
light and thus give a measure of
rotection. Solar damage from infra red A
is rare, although it is obviously €foolish
to stare at the sun under any condition,
even when it is setting. Man made sources
of IR(A) such as the neodymium yag laser
are, of course, capable of producing true
retinal burns.

Blue Light Hazard

It is an historical fact that viewing
a solar eclipse through inadequate filters
has been known, since the time of Galileo,
to cause a retinal ’‘burn’. More recently
it has been demonstrated that damage is

produced even when the estimated
temperature rise of the retina is
inadequate to cause a true burn.

Photochemical processes must, therefore, be
responsible for the pathology. Collecting
and magnifying optics such as binoculars
gather the 1light flux according to the
diameter of their entry lens and magnify
the size of the image on the retina. This
collection and focusing of solar radiation
will result in an increased optical gain on
ghe retina, which may cause a true thermal
urn.

It has been ghown by Ham (1976) that
blue light, with its high photon energy, is
capable of producing retinal pathology at
power levels which are well below the
retinal burn threshold. Ham used a helium
cadmiue laser emitting at 441 nm, although
for practical purposes the hazard extends
from 400 - 500 nm. The hazard of the blue
cemponent of white light has been confirmed
by aninal experiments and b
epidemiological studies of people exposec
to high light levels. This occurs, for
example, in eskimos who receive not only
intense light from above but reflected
light from the ice below. A similar effect
is  present in aviation when the reversed
light distribution is caused by reflections
from clouds below the aircraft.

Blue 1light damage is additive from
repetitive long torm exposures (>10 ).
This not only applies to high level solar
radiation but to Jlower level prolonged
exposure to man made sources of
illumination, some of which emit at
individuals

daylight intensities. Many
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choose to spend long-periods in brighter
surroundings than are necessary for good
vision, ~particularly with ~ fluorescent
gources which are richer in blue
wavelengths than are incandescent lights.

The photochemical demage caused by
blue light is normally dividsd into two
categories. The first category is damage
caused by prolonged exposure to low levels
-of light containing blue-wavelengths where
the effects are primarily on the cone
photoreceptors. The early symptoms are
likely to be impairment in = blue/green
colour discrimination. Such impairment of
colour vision is now being found in
ophthalmologists who use the argon laser to
treat retinal pathology (Gunduz, 1989). If
unprotected they may be repeatcdly exposed
to low level reflections of the short
wavelengths of the argon laser. In the
second category Jdamage is caused by shorter
exposures to higher levels of blue light
and here the effects are primarily on the
REE. The blue photons are preferentially
apsorbed by the melanin in the RPE whose
spectral absorgtion in the visible band, is
at a maximum in the blue. This can cause
dysfunction of the RPE (vide infra) and is
what is commonly known as the ‘blue 1light
hazard’.

Chronic Light Damage

Many workers notably Noell (1966) and
Marshall (1972) have demonstrated that long
term exposure to light in excess of 10
seconds can cause damage by photochemical
rather than thermel processes. Marshall
demonstrated cone degeneration in pigeons
exposed to fluorescent light at a moderate
Juminance (3000 cd/m®) for only 8 h. This
luminance is equivalent to that encountered
on a cloudy winter day in UK. It is at
first sight surprising that damage should
result; but in Marshall’s experiment the
pigeons’ total field of view was of uniform
brightness unlike that of their normal
mixed visual environment. This work has
been repeated in monkeys by Sykes (1981).

The outer segments of the cone
photoreceptors, unlike the rods, renew
their membranes containing the
photopigments very slowly, in a unitary
fashion. The total process may take up to
a year, whereas in the rods this process is
completed every two weeks. The rod
mechanism is much more efficient in
repairing light damage thap is the cone
mechanism and it has been found (Marshall,
1985) that there is little evidence of luss
of rods until over 70 years of age.
Evidence- of loss of cone-membranes and cone
cells themselves is,  however, ¢ pparent
above the age of 40 years. This relative
inefficiency of the cones in repairing
damage caused by 1light is an ‘ageing’
process which is particularly apparent at
the-macula. The macula, with~ the fovea at
it’s centre, is the area of the retina
which Jis predominantly composed of cone
photoreceptors. It thus provides the eye
with it’s ability to resolve detail and to

.provide fine:hue-discrimination. The loss

of -macular function can dause a severe
visual impairment which- normally becomes
evident in-the-sixth or seventh decade. It

-ig- -probable that.those who-are. repeatedly

exposed: to higher light levéls than _the
norm will ’‘age’ their retina more rapidly.
This  is particularly relevant to
unprotected or  inadequately protected
aircrew.
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Macular Degeneration

__ Excessive exposure to.blue light will
cause ‘the photo- pigments in the outer
segments to overbleach; this process, in
conjunction with oxygen, causes the
metabolic  production “of toxsic free
radicals. These free radicals attack
photoreceptor cell membranes causing them
to degenerate; the cones suffering first.
The melanin in the RPE acts as a limiting
mechanism, as it has the ability to
neutralise free radicals. In so doing the
RPE  cell itself may be’ damaged or
destroyed, and its supportive role may
fail; this is also accelerated by the
effects of direct absorption of blue light
by melanin. This loss of function <can
result in the accumulation of photoreceptor
waste pro“ucts in the RPE cells which, are
extruded together with undigested
phagosomal remnants onte Bruch‘s membrane.
When the aggregations of waste products are
large enough to be ophchalmoscogically
visible they are known as Drusen (Fig 2).
Should the process continue it may progress
to a senile degeneratior. of the macula, in
which the photoreceptors are destroyed by
the accumulation of waste products, that
separate the RPE from its metabolic support
by the choroidal blood supply. Should the
condition progress it may result in a
digciform degeneration of the macula.
Choroidal vessels proliferate through
Bruch’s nmembrane into the RPE producing
haemorrhages and causing it to fail in it’s
role as the barrier between the choroidal
blood supply and the retina. The end
result 1is a central scotoma causing a
profound loss of vision. The
ophthalmoscopic appearance is that of a
raised circular area of fibrous tissue
centred on the fovea and normally sbout 3
disc diameters (4.5 mm) across.

Fig 2. Drusen on Bruch’s membrane.

SUNFILTERS

Sunfilters, both spectacles- and visors,
should be designed so that they are of +he
corrzct optical density to-minimise glare.
They should also _provide maxinum visual
acuily, contrast enhancement and hue
discramination. The spectral transmittance
should protect the wearer against  the
hezards of light, whilst at the same time

-not i@pairin? the recognition of colours of
n

importance aviation. It should, also,
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assist in penctrating haze, The filter
material must be cf high optical quality,
robugt, scratch .esistant and should
protect the wearex in the event of bird
strike or collisior. “Finally, the filters
must f£it gecurely and precisely, without
gaps, within their frames and the filters
must not dislodge on  impact. The
sunglasses  should, also, be  thermally
stable and non-flammable.

Optical Densit

Glare protection is provided by tinted
spectacle filters. The luminous
transmittance of the filters should be
between 10 - 15% (optical density 1.0 -
0.8). Such a density will attenuate the
highest luminances likely to be encountered
in~ aviation (¢10° cd/m®) to an acceptable
level, whilst at the same time reducing the
commonly encountered luminances in Europe
(10* - 10° cd/m?) to between 10* - 10*
cd/m* at the cornea, which is the region in
the luminance range that is optimal for
visual performance. Fixed densities can
never, with widely varying external
luminances, always provide the correct
attenuation of light but an optical density
of 0.8 - 1.0 is a reasonable compromise.
The variation in density between
corresponding points on each mounted filter
must be matched to within +/- 0.04 in order
to avoid false spatial projection (Pulfrich
effect).

Filter Materials

It is important that filter materials
should be of high optical quality and
resistant to fracture on impact. The wass
of the lenses should be low. The material
of choice is either polycarbonate or CR39
resin. Glass, although usually optically
excellent, is normally heavy, and doss aot
possess the impact resistance of
polycarbonate, even when toughened.

Polycarbonate is unsurpassed in terms
of impact and shatter resistance; it is
lightweight with a high refractive index
which ensures that powered £ilters for
ametropes are-thin., Its optical quality is
good although, on occasion, inclusions are
found in  injection moulded lenses.

Regrettably, the high impact resistance of
polycarbonate is-coupled with the lénses
being relatively soft and therefore. easily
scratched. It is essential, therefore,
that polycarbonate lenses are treated with
a hard anti-scratch coating, if- the
problems of haze and veiling glare due to
gcratches are to be avoided. Polycarbonate
suffers one other disadvantage -in=that "its
‘yr factor is low (30) as against CR39
resin (58). This low ’V’ factor can cause
the dispersion of white light into its
spectral colours causing a slight lcss of
definition; only seen -in high powered
corrective filteys.

. CR39 resin can be formed into filters
of excellent optical quality although they
may need to be .slightly thicker when
powered, than.thogse made .of polycarbonate
due -to its. lower. xefractive index (1.499)
against polycarbonate (1.586). Due-to the

-higher *¥! factor, .dispersion_is not a

significant problem with CR39 and the

matérial can- therefore be formed into
higher powered flilters. The  impact
resistance of CR39 is good but -not as high
as polycarbonate; however its  scratch
resigtance is significantly better than
uncoated polycarbonate.

Spectral Transmittance

The spectral transmittance mnust not
impair colour recognition external to or
within the cockpit. It is imperative that
the transmittance of UV(A) and the actinic
ultra violet is kept to the minimum. It
should not exceed 1%. The transmittance in
the visible band 500 -~ 780 nm should be as
flat as possible to avoid adverse efiects
on hue discrimination. To reduce the Dblue
light hazard the transmittance of the
shorter wavelengths of the visible band in
the spectral domain 400 ~ 500 nm rust never
exceed the value for the luminous
transmittance and should, preferably,
gradually decline from 500 - 400 nm,
without any spikes in its transmittance
spectrum. The red signal visibility factor
which is the ratio of the transmittances of
red and white light should be in the range
0.9 - 1.2 and the violet factor which is a
measure of the transmittance of 1light at
420 nm and 460 nm divided by twice the
value of the luminous transmittance, should
not fall below 0.5 (Australian Standard,
1983). Compliance withk these standards
should avoid any problems in the perception
of red and blue/green visual displays.
Furthermore, as haze is largely scattered
blue light the lowered transmittance in the
blue should also assist vision in hazy
conditions.

The transmittance in the IR({A) should,
ideally, not exceed the value of the
luminous transmittance. This is easy to
achieve with glass £filters, but is
difficult to achieve with tinted visors
fabricated from polycarbonate or  other
plastics; it is a desirable, but not an
essential requirement.

30%¢

20%1
12-15%

Porcontage tranymitiance

o% —— i 1 i : 1
400 500 800 700 800 800 1000

Wavelength (nm) 7%0

Fig 3. Spectral plot of an ‘ideal’
sunfilter.

The likely ¢tint to meet the above
standards will probably be a dyed in the
nasg grey or brown. Figure 3 ghows what is
considered to be an ’'ideal spectral plot
for a sunfilter whilst (Figs ¢ & 5) are the
spectral plots of an acceptable filter.
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Fig 4. Spectral plot in the visible and
the I.R.(A) of an acceptable
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Fig $. Spectral plot in the UV (A,B and C)
of an acceptable sunfilter.

Optical Quality

It is important that the geometrical
optical quality of transparencies designed
for aircrew use should be high, if visual
performance is to be maintained. The
following specification should help to
ensure this objective.

The spherical power should not be in
excess of +/- 0.06 m~* from plano, and the
difference in power between any two
meridians at 90° with respect to each other
should not be in excess of +/~ 0.06 m~*,
The prismatic power of unmounted oculars
at cheir centres should not exceed ¢.12
cn/m. The total algebraic difference
between two mounted oculars mvst not be in
excess of 0.25 cm/m in the vertical nor in
the horizontal, base in or base out. The
standard for base out prism 1is stringent
due to the accommodation convergence
synkinesis. The convergence necessary to
overcome the prismatic error could result
in the associated accommodation reducing
distance visual acuity. This horizontal
prisgatic requirement would exclude ‘wra
around’ filters with a significant dihedra
unless compensatory prisms were
incorporated. Any optical distortions
likely to degrade vision are unacceptable.
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veiling glare is a great problem with
any optical transparency as it reduces
~or.rast. It can be caused by inherent
haze in the filter which, ideally, should
not exceed 0.5% but in practice around
1.0%, may have to-be accepted. Aany trans-
parency- should bs scratch resistant, to
minimise scattecred light from abrasions and
this may require a* -polysiloxane coating.
Anti-reflection (A/R)_:coatings, usually
multicoatings to be effective, are also a
valusble means of reducing veiling glare
from reflections - & prevalent condition in
many cockpits. These coatings may also
reduce abrasions and scratches if the A/R
coating 1is hard or combined with a
polysiloxane layer.

Powered Filters

Powered sun filters, for aretropic
aircrew, pose a special problem in addition
to the 'V’ factor previously discussed.
Positive lenses, for the correction of
hypermetropes, will be thicker at their
centres than at their periphery whilst the
reverse applies to negative lenses for *the
correction of myopia, which are thinner at
their centres than at the periphery. The
extent of this variation in thickness will
differ with the power of the correction and
the refractive index of the lens material.
If lenses are dyed in the mass, (as
unpowered filters should be to avoid bright
shafts of 1light due to scratches in a
surface d{e) the transmittance will vary
between their optical centres and the
periphery. This may be unimportant with
low powered lenses but could be significant
with higher powered lenses fabricated £rom
a material of low refrascive index. It may
be advisable to wa~ guv face dyed filters on
such high power ic...e ™ut it is difficult
to obtain surface dyed I-nses with the
desired spectral attenuation, especially in
the red and near infra-red. Complaints have
been made by aircrew of the difficulty they
have experienced in distinguishing between
red and amber warning lights, when wearing
surface dyed sun spectacles with an
increased transmittance above 600 nm.

Frames

It is Aimportant that frames be
correctly chosen, They should be made of
corrosion resistant, robust, non-
allergenic, approved, materiasls; metal
frames are recommended as the glazing rims
can be thin to minimise intruslon into the
field of view (FOV). All joints and screws
should be designed, constructed and
agsembled to ensure their integrity under
stress including impact; lock nuts may be
necessary. The fronts and eye shape should
be designed for maximum FOV and
compatibility with aircrew protective
helmets anu oxygen masks, if  worn.
Adequate provision for air circulation to
ninimise nisting must be allowed. The
gides should be slim to avoid discomfort
from close fitting helmets (not ficted.with
a_ tinted visor). They should be designed
to allow easy donning and doffing in £light
and to minimise any distortion of ear seals
with & consequent lose of sound
attenuation. Anatomically contoured, flat,
slim, ‘hockey stick’ ‘ends are. recommended




Fig 6. Frame suitable for aircrew wearing
protective helmets.

whenever helmets are worn (Fig 6). Plastic
covered hockey stick ends are appropriate
when helmets are not worn (Fig 7). The
frame should not deform in use and be free
of projections, sharp edgss or other
features which could impair comfort. The
frame should he treated so as to ninimise
reflections, for example matt black chrome.
The frame/lens combination must, also, not
degrade under the extremes of ambient
temperature or chemical contamination.

Fig 7. Freme suitable for aircrew not
wearing protective helmets.
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LASER PROTECTION WITH IMAGE INTENSIFIER
NIGHT VISION DEVICES

MAJ David J. walsh, 0.D.

U.5. Army Medical Materiel Development Activity
ATTN: SGRD-UMA, Fort Detrick
Frederick, Maryland 21702-5009
United States of America

SUMMARY

Current military ranging and targeting technology employs
high power laser systems which can seriously damage the retina
of the eye., Based on eye anatomy and function, three critical
central retinal regions which must be protected ~ fovea, macula
and peripapillary zone (1 to 2 degree annulus surrounding the
optic disc) - are included in a circular area with a 25-degree
radius. In the aviation community, barrier-type laser
protection inherent with night vision devices (NVDs) was
thought to be adequate. The NVD' barrier protection exceeds
the recommended 25 degree minimum only when the eyes are in the
primary (straight ahead) position. With normal scanning eye
movenent, critical arcas of the retina become exposed to laser
damage. Continuous laser protection for the central retina
will require either 1 mechanical obstruction or a laser
protective spectacle or visor which covers at least 90 degrees.
The mechanical lase: protection provided by NVD wear alone is

not adequate to prctect the aviator.

BACKGROUND

Current military ranginj and
targeting technology employs high power
laser systems. Since cohexrant (luser)
1ight with vavelengths in the visible and
near infrared can seriously damage the
retina of the eye, laser retinal injury
has been the subject of many studies. The
results of these investigations are used
by various agencies to recommend laser eye
protection.

The fovea of the eye, the region of
the retina which provides maximum visual
acuity is most sensitive to the effects of
high energy photic stimulation. Since
loss of function can be devastating to
aviators requiring fine resolution, most
studies recommend limiting direct exposure
to this region. Outside the fovea, damage
from accidental or intentional laser
exposure 1s expected to have an insig-
nificant effect on visual acuity unless a
vitreal hemorrhage or retinal edema either
blocked light -from reaching the fovea or
distorted vision by disrupting the
organization of photoreceptors’.

Since Army aviation missions place
aviators in an ehvironment prone to laser
exposure, the development of laser
protection iz a compelling concern. The
two vehicles presently available for laser
protection are spectacles and helnet
visors. Laser protect;yg visors, usable
during day flight, are not compatible with
the “Aviator*s™Night Vision Inaging System
(ANVIS) Since it requites movement of
ANVIS far enough away from the eyes that
the field-of-view {POV) is reduced to
unacceptable diménsions.

Dur;ng ‘WVD=aided-hight flight, the
NVD pxcvxdes barrzer—type laser
protection, i.e., ‘Physically block the
laser light. The RVDe protect only the
central area of the retina while the user
views thie environment through the device.
This leads to the perception that foveal
exposure to damaging laser sources can
occur only during infrequent ™looks" under

or around the NVD to view the environment
unaided. 1In view of this and the belief
that extrafoveal laser-induced damage is
not as devastating as foveal damage, the
use of additional protection is viewed as
unnecessary.

Even though KVD-compatible spectacles
are available, some aviation community
rerbers are convinced that the NVD
provides a sufficient level of protection.

RETINAL FEATURES

Anatomically, the macula lies near
the posterior pole of the eye (Figure 1).
Within this area lies the fovea and the
vascular-free foveola. When viewing an
object directly, the image is focused on
the fovea. The dimensions of the macula
and fovea vary depending on the metric
used, e.g., density of cones, rod-free
area, or vascular-free region, and on
whether the anatomxgal or clinical
designation is used®. For this report,
diameters of 5 degrees and 12 degrees will
be used for the fovea and macula,
respectivel

The central retina covers an area
witich extends 25 degrees from the center
of the fovea, and the peripheral {etina
covers the remainder of the field'. The
nost notable landmark in the central
retina is the optic disc, or the optic
nerve head (Figare 1). At this location
nerve fibers from the retina converge to
fornm the optic nexrve which carries visual
information out of the eye, The high
density of photoreceptors in the macula
area produces a large bundle of nerve
fibers (papillomacular bundle) which
courses nasally from the macula tc the
temporal side of the optic disc (Figure
2). The papillomacular bundle of nerve

fibers is important because it carries
visual information from the macula.

Damage at any point along the nerve fibers
carrying foieal information will result in
a scotoma and degraded acuity.

Thus,
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while military related laser injury
studies prinarzly address the effects on
central vision, i.e., damage to the fovea,
extrafoveal damage can affect central
vision.

Optic nerve

M(C
\’,t_:m/

Posterior hemisphere of eye

Temporal o Opti | Nasal
18C

M =Macula

Line of sight

F=Fovea

Figure 1. Schematic of the right eye.
Two views show the locations of critical
regions - fovea, macula and optic disc.

Papillomacular
_bundle

Macula

Figure 2 Papillomacular bundle. Nerve
giberb course- fron -the nacula to the optic
sc.

RETINAL DAMAGE FROM MEDICAL LASER USE

wWith medically indicated laser
treatment of the eye, e.q., use of laser
to-treat retinal neovascularization, there
are specific precautions regarding treat-
ment of certain areas of the retina.
These areas include the papillomacular
bundle of the nerve fiber layer, the optic
disc and the peripapillary area, }7e., the
region surrounding the optic disc’”.

Attempts to use laser energy to
coagulate vessels either on or above the
optic disc (epipapillary), and around the
optic disc (peripapillary), have resulted
in centra) scotomas and vision loss. In
one study’, peripapillary treatment
resulted in a central scotoma with acuity
reduced to 20/200. Epipapillary treatment
resulted in a central scotoma with an
acuity decreased from 20/20 to finger
counting (worse than 20/1000). In a more
recent report, a laser burn of the peri-
papillary zone resulted in a central
scotoma with acuity at 20/200°.

oOne might argue that the medical use
literature contains case studies of com-
plications arising from laser damage to
pathological eyes, and such damage is less
likely to occur in healthy eyes. However,
investjigations of laser induced retinal
lesions on human eyes and animal nodels
provide histological evidence of damage
mechanisns consistent with ;aser enerqgy
absorption by pigmentation®

RETINAL DAMAGE MECHANISMS

The primary damaging effects of laser
on the eye are classified into three major
categories - photochemical, thermal and
ionizin The potential for immediate
reduction in visual acuity associated with
therzal and ionizing damage makes these
mechanisms militarily relevant.

Photocoagulation is the only
inportant therral effect when considering
retinal damage. This can be produced by
laser light having transmission spectra
matching absorption properties of
available retinal pigmentation, e.q.,
melanin, hemoglobin, and xanthophyll.
Light absorption by retinal pigment and
subsequent enission of energy in the form
of heat coagulates surrounding tissue.
Among the group of lasers capable of
photo-coagulation are argon, krypton, dye,
ruby, freguency-doubled neodynium and
neodymiun/YAG lasers.

Photodisruption is a term used to
describe the ionizing effect produced by
neodyniun/YAG lasers. The extremely high
energy flux dlszntegrates the tissue into
plasma at the focus point. Secondarily,
shock and acoustic waves produced
mechanically disrurt adjacent tissuel.
This effect is not liuited to pigmented
retinal tissue as is the thermal effect.

These two darnage .nechanisms form a
basis for explering damage effects on two
extrapacular retinal areas, the papillo~
pacular bundle and optic nerve.

[




PAPILLOMACULAR BUNDLE

The nerve fibers which form the inner
layer of the retina are transparent to
light. These fibers allow laser energy to
pass through to the outermost layers of
the retina, e.qg.; pigmented epithelium.
The nerve fiber layer (NFL), including the
papillomacular bundle, is located a
relatively safe distance from the
pigrmented epitheliun, the site of most
energy absorption. Therefore, the thermal
effect to the nerve fibers is minimal for
most locations. However, damage to the
NFL has been reported when photo-~
coagulation of grterioles and venules has
been attempted' Since these vessels are
located within the NFL, the damage follows
laser energy absorption by hemoglobin.

The heat enmission from a vessel occurs in
a radial pattern (Figure 3} with
consequent nerve fiber damage adjacent to
the vessels (perivascular}). This effect
can occur in the absence of destruction to
the blood vessel. While the likelihood of
a direct vascular irradiation may seenx
remote, in a group of acczdental laser
exposures from non-ionizing lasers (N=12),
50 percent resulted in sufficient vascular
damage to cause a retinal hemorrhageﬂ

Thermal emission from blood vessels

Pigure 3. Laser lxght absorbed by retinal
pigzent is epitted as thermal onexgy
(arrows). Thernmal energy is emitted
radially from blood vessels.

Thermal emission from pigmented epithelium

Nerve fiber layer

= Sensory retina
Pigmented cpithelivm
2 Choroid

L———-Acﬂtfbasqnmd
Ve = Nerve fibers damaged

Figure 4. .laser light-absdrbed by retinal
pigment is emzitgd as-therzal energy
(arrows). Therzal emjission adjacent to
optic disc can destroy nerve fibers.

The papillomacular bundle nerve
fibers .are-at- greatest -risk-at the optic
disc. As- the nerve fibers turn to enter

L
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the optic dise, the distance between the
fibers and the- pigmented epithelium is
reduced (Figure 4). Laser irradiation of
the peripapillary pigmented epithelium has
been spown to produce central vision
losses

wWith the photodisruption effect, fronm
a neodynium/YAG laser, for example, there
is the-potential for NFL damage and
central vision loss. The severity of
vision loss would depend on the location
and extent of the damage to the papillo-

-macular bundle.

OPTIC NERVE

Optic nerve damage can occur in four
ways. FPirst, thermal damage can result
from light absorption and heat emission by
vasculature of the nerve head margin.
Second, ischemic darmage can occur when
choroidal vessels adjacent to the optic
disc are coagulated. Third, direct
coagulation of nerve tissue will occur in
the presence of an extremely high power
flux density, i.e., resulting from a high
power and a small spot size’. Finally,
photodisruption at the optic disc will
disintegrate never fibers. In any of
these cases, a subsequent optic neuritis
(inflammation of the optic nerve) would be
accompanied by central vision loss.

RETINAL SENSITIVITY TO LASER DAMAGE

Based on the anatomy-of the eye and
complications associated with-medical
laser use, o.e author® classifies retinal
sensitivity to bhotocoagulation with a
scale-of 1 -to 5. The fovea is the nost
sepsitive retinal region. The second most
sensitive regions include the macula and a
1- to-2 degree peripapillary zone (Figure
5).

Fovea Peripapillary zone

Macula

Optic disc

Figure 5. Sensitivity of retina to laser
energy "damage. The fovea is the most
sensitive (1) area. The next most
sensitive (2) areas include the wacula and
peripapillary zone.

when there is an operaticnal/
performance trad.-off which precludes full
coverage laser protection for the eye, the
ninizun coverage acceptable must include
the two nost sensitive areas of the
retina. A circular area which inciudes
the most sensitive regions of the eye
would cover the central retina, i.e., an
area-extending -outto 25 degrees from the
visual axis.
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ANVIS Eyepieces

®—@® 18mm
O—0 25mm

&

e<,<o\o\o
. NG
AN

W
uL.IL

Ficld-of-view (degrees)

304 0\
®
2-‘! i - ¥ U L L 1 RS T
15 20 25 30 35 40 45
Vertex Distance (mm)

Figure 6. ANVIS field-of-view (FOV) versus vertex distance. FOV decrements for
18min and 25mm ANVIS begin at approximately 20mm and 30mm, respectively.

18mm ANVIS - Ventex distance = 20 mm

No eye rotation 15 degree eye rotation 20 degree eye rotation

Figure 7. g%féct of eye rotation on 18mm ANVIS protection. The optic disc is
“unprotected during both 15~ and 20-degree eye rotations.

25mm ANVIS - Veriex distance = 30 mm

15 degree eye rotation 20 degree eye rotation

Figure 8. Ef§§ct of eye rotation on 25mn ANVIS protection. The optic disc is
-unprotected during both 15~ and 20-degree eye rotations.
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RETINAL GEOMETRY AND NVD-PROTECTION

The-normal:binocular visual field
covers an ovalrarea with-limits listed in
Table 1. Visual field:measuréments
ustally are taKen:with the eyes fixed in-
the primary, or-straight ahead; -position.
When the-ayes-nove, -the extents of-the
visual field increase by an amount equal
to the ocular excursion. Under normal
conditions, -thezeyes will move:a limited
apount -before-the-head turns: -Standard
human -factors.reference sources'’ suggest
a-preferred: 1imit .of 15.degreés.and a
maximum limit of 20 degrees-when-designing
visual displays:

‘Table 1.
Size of binocular visual field®
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Key values estimated by the computer
model appear -in Table 2, which describes
the protection provided for two-ANVIS
coniigurations as- they -are expected to be
worn, -ise.; -18mm ANVIS at 20 .mm vertex
distance-and 25 mm-ANVIS at 30 mm vertex
distance. When the eyes move from center,
critical areas of the retina become
exposed to laser damage. The areas
exposed are indicated in Table 2.

Table 2.
Lateral laser protection
provided by-ANVIS

Eye Lateral prétection
rotation {degrees)
(degrees)] 18mm ANVIS 25mm ANVIS

0 31.00 27.99
Angular Extent 10 19.12 16.61 *

Direction (degrees) 15 13,11 #* 10.88 %%

- - 20 7.56 *%x 5.59 #k*
Temporal 100
Nasal 100 % Partial optic disc exposure
Superior 60 %% Optic disc exposed
Inferior 75 *4% Optic disc exposed + partial

NVD USAGE FACTORS

The protection provided by WVDs is
linited by'theiivphysicalfainepsions and
their positioning in front of the eyes.
RVDs-are:usually-adjusted by -the aviator
as far-away from the eyes as:possible
vwhile retaining the-maximum-field-of-view
(FOV): of approximately 40 degrees. As the
XVDs -are moved further from the- eyes, less
head tilt .is required to look under the
device to wview.the cockpit instruments.
The maximum FOV can only be achieved when
the NVD is positioned within approximately
20 ~ 30 mm of the cornea of the eye
(Figure 6). These distances are dependent
on the type of eyepiece the device uses,
i.e., 18 mm versus 25 mm ANVIS.

To compensate for the limited FOV,
head movements must be substituted for eye
moverents when scanning the environment.
Due to the increased head-supported
welght, any increase in head movements
will increase the aviator's-overall
workload. To avoid excessive head
movements, aviators are- taughtm to use
scanning techniques to view the imaged
scene. With a 40 degree FOV,. the eyes
would-theoretically turn 20 deg-ees before
a head movement would be irndtiated.

Based on the above considerations,
two NVD configurations were selected for
detailed evaluation: _18.mm ARVIS worn at
a verteX distance 6f 20 mm. ahd 25 mm ANVIS
worn at a vertex distance of 30 mm.

COMPUTER MODEL OF NVD PROTECTION

A simple computer model was developed
to_determine_retinal coverage/exposure
expected during 5rmal NVD usSe. . The major

variibles—include-eye relief of the ANVIS
eyepieces (18 mm vs. 25 mm), expected
d

ideal and:maximun eye_éxcursions

prior-to -head-turn, 3and the l¢Cations of
specific reference points of a standard
eye.

macula exposure

Vertical eye movement is not
considered in this report because its
impact on exposure is minimal. The
central retina is protected by the helmet
and the NVD mount during upward movements.
When looking down, the partially exposed
optic disk is-protected by the structure
of the aircraft, i.e., instrument panel.

Figures 7 and-8 illustrate the laser
protection-with-an 18 mm and 25mm ANVIS,
positioned 20 mm and 30 mm, respectively,
in front of the:eyes. The coverage
exceeds the recomnended- 25 degree minimum,
but only when the eyes are .in the primary
position. For both conditions, a critical
retinal feature; the optic disc, is
exposed as the eyes turn to the right 15
and 20 degrees.

Table 3 contains data which demon-
strate the vertex distance effect on ANVIS
as laser protection. At any vertex
distance, the 25 mm ANVIS provides greater
protection bécause of the width of its
eyepiece assembly. However, the 25 mx
eyepiece was designed to be worn further
away from the eye. When worn at optimurn
vertex distances, 30 mm for 25 mm ANVIS
and 20 m» for the 18 mm ANVIS, the 18 =n
ANVIS has a slight protection advantage
{(Table 2). As the NVDs are moved further
from the eyes, the portion of the visual
field protected decreases.

v -
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- - Table:3. )
Effect .of vertex distance-onm -
_ - ‘protection-provided:by-ANVIS

Eye - |- Vertex |Lateral protection -
rotation={distance|from=ANVIS--(degrees)
(degrees) |~ (mm) - 18 mn 25t

. 15 36.59 41.90-

-20- -31.00 36.12

[} 25 26.71 31.60
30 23.41 27.99

35 - 20.80 25 08

15 - 18:48° 24:2Y

20 13.11 18.61

15 25 9.14 14.29
30 6.10 10:88

35 - 3.72 5.90

15 12.29 18.18

- 20 7.56 13.01
20% 25 4.82 8.76
30 3.7 5.59

35 3.32 3.42

* As _vertex distance- increases, there is
a2 loss of display field-of-view (FOV).
The lateral protection listed is based on
the maxirum-FOV for-the vertex distance.

DISCUSSION

Under most viewing conditions, NVDs
protect the:-macular area of the-retina.
Also; -they=will protect-the critical areas
of the:central retina, for at least one of
the eyes, at all times. For example, when
the eyes rotate-to’thc . right during
scanning, -the optic-1isc and.papillio=
mzcular ‘bundle of the right-eye are
exposed; ‘while.the disc. and bundle of the
left eye are-protected. This points to
- the nmain disadvantage associated-with
relying on NVDs to provide laser
protection, namely, the lack of-continucus
protection for the central retina of-both
- eyes.

I %

o
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: Mosby Cozpany.

As-shown in:Table 3, the area of
protecticn decreases as the NVDs are moved
further fron-the eyes. Variations in
individual anthropometry-and use of
multiple optical-surfaces, e.g.,
protective mask with-outserts; can move
the NVDs -far enough from the eyes to _
expose -both-the optic disc and part of the
macula. -

Aviators routinely use-the look-under
and look-around. capability of NVDs to view
outside the:aircraft. Unaided viewing is
recommended - to-obtain chropatic cues or-to
judge distances.accurately. .or lasers
with visible outputs, peripheral retina
detection/damage could result in the
aviator directing zn unprotected central
retinal toward the source.

Laser damage to the NVD will require
immediate transition to an unaided flight
mode. This will leave the eyes
unprotected until a laser visor can be
deployed.

CONCLUSIONS

Continuous laser protection for the
central retina, out to 25 degrees, will
require either a mechanical obstruction or
a laser protective spectacle or visor
which covers-at least 90 -degrees. The
mechanical -laser protection provided by
NVD wear is not- adequate to protect-the
aviator. It must.be undersiood by the
operational community-that the provision
of laser protection by mechanical blockage
using NVDs only protects the user from
incapacitating macular injury. The
peripheral retina would be unprotected and
susceptible to injury.
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VALEURS LIMITES D'EXPOSITION APRES ILLUMINATION LASER : INFLUENCE DE
LA LARGEUR DE L‘*IMPULSION ET DE LEUR TAUX DE REPETITION.
L. COURT, D. COURANT* et G. GUENEAU.
Cuntre de Recherches du Service de Santé des Armées, 38702, La-Tronche, Franue.
* Contre d'Etudes Nuciéaires, 92265, Fontenay-aux-Roses, France.
RESUME

Ces travaux montrent l'importance de l'exaten angiographique du F.O. pratiqué & Jo pour ajprécier
les seu .s de lésion rétinienne aprés illumination laser. Cette technique met en évidence 1'inadéquation
des valeurs sevil, proposées par divers organismes, lorsgue le diamdtre de 1'image rétinienne s'accroit et
lorsgue le nombre d'impulsions augmente.

I INTRODUCTION

Les dangers présentés par l'emplol des lasers, en particulier les risques oculaires ont 1imposé
la définition de valeurs limites d'exposition (VLE). Mais lz formuiation des VLE reste txés complexe en
raison des nombreux paramédtres déterminant la délivrance de 1'énergie ainsi que des critéres permettant
d'apprécier les seuils d'atteinte de la rétine. Plusieurs organismes (ANSI, ACGIH, IEC, OMS) ont publié
diverserecommandations, mais il s'avire que certaines d'entre elles pourraient ne pas &tre justifiables si
l'cn prend en compte la dimension de la lésion rétinienne ot son appréciation par des techniques
angiographiques.

Nous présentens fci des expérimentations effectuées sur le lapin et le primate, concernant
l'influence du diamétre de l'image sur 1'effet d'une impulsion laser dans le spectre visible, domaine wvu
la précaution est la plus délicate & réaliser. D'autres résultats préliminaires montrent que ces VLE
pev: 'nt encore &tre modifiées dans le cas d'impulsions répétitives.

I1 METHODES GENERALES -

II-1 La source
Deux dispositifs (périmentaux sont utilisés dans cette élude :

- Un lager pulsé & ~olorant {rhodamine 6 G) dmettant des {iroulsions de 600 ns et de
10 m7 & 593 nnm.

32 nm par un crirtal de KTP, des impulsions de

Jn laser YAG émettant a 1064 nm, ramené 4 5
1 KHZ.

40 ns A une fr..uence réglable au coup par coup jusqu'i

Dans les deux cas, c'est 1l'image d'un diaphrag—e, qui préléve la partie centrale du fajsceau
que 1'on forme sur la rétine de 1fanimal au moyen d'un systi- . optique constitué d'un afocal précédant une
lentille. Pour chaque banc expérimental, 1'exposition énergétique rétinienne (J.cr~2) est obtenue en
rultifsiant 3 'énergle intraoculaire J (délivrée sur la cornée) par les coefficients T (trangmission des
- *jenx oculaires de l'animal & la M considérée) et 1/5 (inverse de 1a surface de 1l'image rétinienne en ¢m?).

II-2 Les animaux

Comre pour les travaux antérieurs décrits dans la littérature, les animaux sont des lapins
(Faave de Bourgogne) et des primates (Rhésus et Cynomolgus). Les lapins sont prémédigqués & 1'Acépromazine
ma1s non anesthésiés alors que les ginges so~t anesthésiés & 1'Imalgéne. Chague animal contenu peut subir

uae rotation centrée sur l'oeil traits permnttant de multiplier les images sur une méme rétine.

IZ-3 Les méthodes d'investigation

~ Un exanen ophtalmologique conventionnel (F.0), pratiqué & Jg (15 nm aprds la lésion)
et A J+l.
La présence ou ia Moindre sugpicion de lésion est photographiée. Le plus faible dommage chez le
lapin et le singe est une petite tache grise de la rétine traduisant une dépigmentstion. C'est le critére
de lésion.

- Un examen angiographique & la fluorescéine, injectée } Jo dans la - eine marginale de
1'oreille du lapin et dans la saphéne postérieure du sirje.
“haque tache révélant la fuite de fluorescéine, donc l'oedéme, est photographiée, Le critére de
lésion est une tache jaune-verte.bien ¢ ‘imitée. Sa persistance varie de  uelgues dizaire e minu*es a
quelquas heuzes, et elle n'est pius détectable aprés 48 h.

II~4 Présentation des .résultats

Nous avons déterminé les énergles (en énergle intraoculaire et en expcsition éncrgétique
rétinienne) correspondant & différentes probabilités de dommage pour chaque condition expérimentale. Les
données sont enregistrées et traitées par la réthode dgs probits, déterminant ainsi la courbe de relation
dose-efiet et 1la dose efficace 50% {DE 50).
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Fig.1: pg 50% déterminge pour dlfférents diamdtres ge 1image rétinjenne et pour deux technigues
d'observation & différents dérais aprés 1'exposition,

1XI SRUiLS D'EXPOSITION A UNE_IMPULSTON UNIQDE

L'étude montre ¢ -Tportance de la méthode d‘appréciation des lésions et du
(figure 1). Quelleque soit 3a taille de I'image rétinienne :

délai a‘observation

=~ pour l‘ophtalmologie conventionnelle, le meilleur délai se situe & J+1 aprés 1'exposition ;

* pour l'angiographie & 1a fluorescéine, 1a meilleure obgervation se situe immédiatement aprés
~‘exposition.

I1 est donc tentant de comparer les relationg doseveffet obtenues par 1a réthode de fluorescence
auil VLE proposédes Pour des images rétiniennes correspondantes chez 1'homme.,

= Pour une image de 30 pn (figure 2}, assimilable a une source ponctuelle, 1a limite proposée en
énergie intracculaire 3 593 nm est 25 fois plug faible que 1a DE 50 (et méme < DE 0,1) estizéa
expérimentalement,

Proba. de détecter une lésion

99t
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Fig.2: Probabilité de détecter une 1ésion par angiographie deas e cas 4'une soyrce ponctuelle (3¢ pry).
Comparaison avec 1a limjte proposéa,
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Fig.3: Probabilité de détecter une lésion par angiographie dans le cas d'une source étendue.
Comparaison avez une limite proposée.
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Fig.4: Comparaison entre les résultats déterminés chez le lapin et le singe pour des expositions de
1, 16 et 128 impulsions.

- Pour une source plus étendue {figure 3), toutes les DE 50 sont supérieures & la VLE rétinienne
proposée (1€ mI.cm™2). Mais pour des images de 285 & 570 pm, la limite correspond tout de méme & des
probabilités de lésion de 7 & 32 3.

= Pour une impulsion plus courte (40 ns & 532 nm) effectuée chez le lapin et le primate, en tenant
compte des normes exprimées en fonction de la duréde de 1'émission, 1s limite correspond & une probabilité
d'observer une lésion par fluorescence de 2 &.

Cet écart des DE 50 expérimentales par rapport & la VLE diminue consicérablement lorsque le
diamdtre de 1'image rétinienne augmente. Il en découle que lez plus faibles énergies enregistrées capable
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d'indeire un dommage rétinien sont trés proches des valeurs limites : 4.74 mI.cn2 (332 nm, 40 ns, 200 pm)
et 9,7 mJ.ca~% (593 nm, 600 ns, 570 pm) A comparer respectivement & 4,3 et 10 mJ.em™*,

e

IV SBUILS D'EXPOSITION A DES IMPULSIONS REPETITIVES

g

De manidre préliminaire, deux trains de 16 et 128 impulsions obtenues par le laser YAG ont été
erpérimentés chez le lapin. Les paranmétres sont les suivants :

. longueur d'onde : 532 nm,

. durée de l'impulsion : 40 ns,

. fréquence des impulsions : 1 KHz,

. angiographie & la fluorescéine & Jg,

N . diamdtre de 1'image : 206 pm,

N . ¢ x 16 impulsions dans un oeil, 4 x 128 dans 1'aut-».

Les aspects des lésiong sont en tout peint comparables & ceux produits par une seule impulsion.

B Les DE 50 déterminédes pour des impulsions multiples sont inférieures 3 celle obtenue pour une irpulsion
unique, wais la relation n'est pas claire du fait de la pente des droites (figure 4). Ces résultats sont
conpatibles avec la valeur limite calculée 3 0,258 mJ.cm~2. Quoiqu'il en soit, i1 faut s‘attendre i une
diminution de la valeur du seuil avec l'augmentation du nombre d'impulsions et des dimensions de 1l'image
rétinienne.

V CONCLUSION

Ces expérimentations ont montré 1'intérét de 1'observation par angioscopie & Jp pour déterminer
le seual le plus bas de lésion rétinienne.

La comparaison des résultats avec les limites proposées pour une impulsion unique falt ressorti:
que :

- Pour des sources poncruelles (30 pm), la lirvite semble justifide.
~ Pour des sources étendues, la limite actuellement formulée en fonction de la durde de l'exposition
représente un risque de lésion croissant avec la taille de 1'image rétinienne.

Des précisions devraient &tre apportées par la poursuite des études sur les expositions & impulsions
répétitives.




A TWO CLASS MODEL FOR PHOTOCHEMICAL DAMAGE OF THE RETINA

Y
D. van Norren
TNO Institute for Perception
P.O.Box 23
3469 ZG Soesterberg
The Netherlands

INTRODUCTION

Tales about ocular light damage are very old. Socrates
already warned against looking straight into the sun.
In ancient titaes, just like today, looking in the sun is
particularly popular during an eclipse. Occasionally,
someonc keeps a lasting memory of that event:
Eclipse blindness. That light damage could also pose
a military bazard was recognized at least a century
ago. In the German journal Archiv fiir Ophthalmo-
logie I found the following case history, presented by
doctor Deutschmann. On the 21st of May 1882 he saw
sergeant L. who admitted to have stared into the sun
at the event of the eclipse on May 17. The sergeant’s
problem was "that he could no longer recognize the
captain standing at the front". Not recognizing a supe-
rior may of course lead to serious military problems,
Thus, staring into a bright light source as the sun
poses a well known hazard. I should emphasize that
the sun, when viewed with the natural pupil, docs not
burn the retina in the sense that the damage is caused
by a local increase in temperature (thermal damage).
The process is of a photochemical nature, details of
which will be presented later. Environmental light,
however, might cause a more furtive danger. For
modern man total exposure to light during hife is in-
creasing. We become older, artificial lighting levels
increase and we become more exposed to sunlight.
Man ventures to fly for hours above sunlit clouds, and
in the tour of duly soldiers, whose ancestry is from
the northern countries, may have to spend many
months in a sunlit desert. Also, people enjoy spending
up to weeks per year on sundrenched beaches. Recent
literature considers it a serious possibility that the
dose of light received during life is related to retinal
damage at old age [1]. For lens damage in the form
of a cataract, this is almost a certainty now {2]. The
processes leading to long term damage are ill under-
stood. To a lesser extent this holds for more acute
light damage.

What we need is a basic understanding of the mech-
anisms involved in photochemical damage. In this
paper I will concentrate on retinal light hazards medi-
ated by phecochemical processes, and related to expo-
sures lasting from a few seconds to one or two days.
In particular, I will argue that from a simple model
with two retinal photosensitizers, the shape of the
threshold curve for light damage can be predicled.
Becat.e the action spectrum for light damage is also
known, from this model the damage threshold can be
calculated for an arbitrary light source.

PHOTOCHEMICAL DAMAGE

Photochemical damage is an every day phenomenon.
It causes the bleaching of curtains over time and the
yellowing of 2 newspaper lying in the sun. Fundamen-
tal is the absorption of a photon in a pigment, In this

connection such a pigment is called a photosensitizer.
Natural photosensitizers in biological tissue are ribo-
flavin, cytochrome-oxidase and retinol; other sensitiz-
ers are fluorescein, bengal rose, and chlorophyll. By
absorbing a photon, the molecule gets exited into the
singlet or triplet state. Energy may be transferred to
other molecules, in particular via the long lived (up to
a sceond) triplet state. With oxygen around, chances
arc high that oxygen radicals are produced. The retina
is very vulnerable in this respect, because the eye's
optical apparatus focusses beams of light there, and
due to an extremely high metabolic rate there is an
ample supply of oxygen. The very reactive oxygen
radicals cause a chain of events finally leading to
membrane damage. With very short wavelength light
(UV-B and -C) a different path may be followed:
Molecules may be directly damaged, wathout interven-
tion of sensitizers.

Fortunately, this is not the end of the story. The eye,
and in fact the whole body, has many scavengers of
oxygen radicals. In addition, repair mechanisms exist
for damaged tissue, and finally, the retina is well pro-
tected against short wavelength light. The cornea
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Fig. 1 Transmission of the eye media for the wave-
length range 100-1500 nm.

absorbs wavelengths around 300 nm, and the crystal-
fine lens acts as an effective filter for longer
wavelengths up to 400 nm (Fig. 1). Important radical
scavengers are vitamins C and E, and in particular,
the enzyme superoxide dismutase.

SHAPE OF THRESHOLD CURVE

For the generation of damage, three aspects are of
importance: The level of radiation, its spectral distri-
bution, and the exposure time. A threshold curve
relates irradiance level to exposure time for one kind
of light. Criteria for just noticeable damage may vary
widely, from functional impairment fo just visible
structural changes with the electron microscope. The
action spectrum rclates sensitivity for damage to
wavelength of radiation.
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Fig. 2 Shape of the threshold curve for photochemical
damage. For all stable pigments the shape is equal
(pigment 2). For a pigment that bleaches under the
influence of light, from a certain intensity on the
curve levels off in a horizontal direction (pigment 1).

The fundamental shape of a threshold curve is simple.
In a plot with irradiance along the horizontal axis and
exposure time along the vertical axis it is a straight
linc with slope -1 (Fig. 2). This means that time and
irradiance are exchangeable (or that their product is
constant). At ever lower intensities, finally the rate at
which tissue damage is produced, approaches the rate
at which it is repaired.

For cornca as well as retina the time constant of
tissve repair is abeut 4 days. The effect on the
threshold curve is a bearing off to the vertical. At
even lower intensities, the tissuec can no longer be
damaged. Quite likely, the retina contains more than
on¢ photosensitizer. A less sensitive pigment has the
same threshold curve, but it is shifted along the hor-
izontal axis. That sensitizer then is of no practical
consequence, because damage is gencrated by the
most sensitive pigment. Yet, a morc complicated
scheme is possible. When the photosensitizer is not
stable in light, or in other words, is bleached by light
(actually, changes into a pigment with a different
absorption spectrum), the pigment starts to disa%%ear
at higher intensities. The threshold curve then bears
off in a horizontal direction.

In the retina, the visual pigment is the only onc that
bleaches in light. Of course, it is also regenerated, but
at very high intensities nearly all of it is in the bleach-
ed state. If we assume that the visual pigment is the
most sensitive photosensitizer (Fig. 2, pigment 1), and
another pigment is a stable, less sensitive sensitizer
(pigment 2), this yields a scheme where at Jow intens-
ities and long exposurcs threshold is set by pigment 1,
and at high intensitics and short exposures it is set by
pigment 2. A quantitative analysis of this theory can
be found in a publication by Kremers and van Norsen
B3l

In Fig. 3 theory is confronted with practice by reprod-
ucing all known literature data for white light, where-
by dilferences in experimental conditions, like animal
species and damage criterion, are ignored. Agreement
between data and model is good.
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Consequently, data in the upper left of the figure
should be mediated by the visual-pigment, and those
at the lower right by another pigment. This can be
checked by looking at action spectra.

ACTION SPECTRA

Data on action spectra are scarce. Noell et al, [4], in
the first publication on retinal photochemical damage,
concluded that in rats the action specirum for damage
strongly resembled the absorption spectrum of the
visual pigment. His data, together with a more recent

set [5] are reproduced in Fig. 4A.
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Fig. 4 Action spectra for photochemical damage of
the retina. A: Literature data for albino rats after long
exposures {sources: Noell et al,, 1966; ¢ Williams and
Howell, 1981). Data fit the absorption spectrum of
the visual pigment rhodopsin (drawn curve) B: Litera-
ture data (monkey, Ham et al., 1982; rat, Van Norren
and Schellekens, 1990) pointing to a pigment with
maximal sensitivity in the ultraviolet.

In thess experiments exposure time was many hours.
In 1982 Ham et al. [6] produced a totally different
action spectrum in anesthetized monkeys, briefly cx-
posed to small spots of very intense lights (Fig. 4B). It
peaked in the ultraviolet.

An cxplanation of the diffcrent spectra in terms of
difference in animals species has recently beea inval-
idated. Van Norren and Schellekens |7} produced a
monk¢ y-like spectrum in rat by subjecting the animals
to brief intense exposures. The identity of the pig-
ment, or pigments, involved in the spectrum peaking
in the UV is not known.

102_ T T T T T Ty
L 3
without media
104E E
< [ ]
O - .
~.
3 L .
=
2 10°F E
-t - -
N 3 k
> i 3
a A i
c
o -
8 i
1074 F E
- with media ]
-2 . i " PR | PR s 1 s 3
T 200 500

wavelength (nm)

Fig. 5 Action spectrum for photochemical damage
which high light levels, with and without absorption of
the eye media, notably the crystalline lens.

One aspect of Ham’s experiments deserves attention.
To measure the spectrum over a wide wavelength
range he bad to remove the crystalline lens. I was
mentioned before that the lens strongly absorbs near
ultraviolet radiation (UV-A). In Fig. 5 the action
spectrum for the more natural condition with the lens
in place is shown. The spectrum pcaks in the blue
part of the spectrem, hence the term "blue light haz-
ard" for this type of damage.

CONCLUSIONS

In the exteusive literature on photochemical light
damage, that on rats roaming for hours or days in
illuminated cages, on the onc hand, and that on
monkeys briefly exposed to an intense spot of light,
on the other hand, has led scparated lives. It has, for
instance, led to the notion that rats are far more vul-
nerable to light damage than monkeys. The model
presented above unifies all data by suggesting that in
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2 zumals two classes of light damage exist, linked to
two pigments. Which pigment is active, depends on
the light jevel, ‘because ore is bleached in -intense
light. Differences in wulnerability between animal
§peclics are probably limited, at least at the Tetinal
evel.

What are the practical consequences-of these insights?
An important one is that the emphasis that has beea
placed on the hazard of blue and ultraviolet light is
not justified for environmental light. The most sensi-
tive photosensitizers in the retina are the visual pigm-
ents. Only when these are fully bleached, thus at
extremely high light levels, the *blue light bazard
comes into view., Protecting ourselves against light
damage mediated by the visual pigments, cannot be
achieved with selective filtering of light. In bright
environments we should, thercfore, reduce the *yvel,
for instance, by wearing sun glasses or visors. This has
long been common practice for reasons of comfort,
but the argument of possible photochemical damage
adds new emphasis. In addition, we should keep in
mind that subtbreshold damage might accumulate
during life and promote senile macular degeneration.
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Abstract

A series of experiments was designed to collect data for
the modelling of aiming and tracking performance dur-
ing and after dassle exposure. Compensatory tracking
performance was measured for static targefs and tar-
gets moving with a constant linear velocity using & lsb-
oratory based tracking simulator. Tracking error was
recorded with & bright non coherent dassle source over-

laid on the target and with target-dassle separations of
0.5°, 1.0°, 2.0° and 3.0°. There was an indication that
the dasgsle source caused a significant deterioration in
trachng performance. Tracking errors were inversely
related to the separation between target and dasgle
source and were at & maximum when target and das-
zle were coincident.

The effscts of dassle may persist for a mgmﬁcant fime

after dassle offsct. Foveal afterimages measuring 1°

were generated by brief exposure fo an intense light

source. Tracking error with an afterimage was recorded
N and compa.ted to the errors recorded for normal foveal
vision, and those arising when tracking using regions
of the retir 2%, 4° and 6° peripheral to the fovea. A
significant deterioration in tracking petformance was
-evident with an a&mmage. Comparable results were
obtame@ when tracking using the peripheral retina st
4°-6°, This simi!snty is attributed to observers offset-
ting their gase so a8 toi image the target away from the
-non functioning foveal recéptors. A significant learning
effect 3 “was indicated.

Introduction-

Sme

Dunng c mpensatory trachng the operator mampu-

eOgr
mg) and in the case of mxhtary operations the selection
of | targets for on-board missile systems.
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Tracking places significant demands on both visual pro-
cessing and on manual control performance. Environ-
mental stressors which impair either of these modal-
ities are likely to cauee degradation in tracking. For
instance manual control is directly impaired by vibra-
tion of the operator (McLeod and Griffin, 1986) an in-
evitable consequence of aircraft motion, or by a poorly
implemented control law governing the response of the
tracking system to operator input {Catver and Michael,
1978). Similarly, optimal tracking is dependent on the
degree of visual acuily available to the observer and
is therefore influerced by factors such as poor displuy
contrast and glare (Luckeish and Moss, 1930).

Pilot vision may ~perate at less than optimal in & va-
riety of circumstances. In addition to the possible im-
pairment caused by solar glare from the canopy or poor
instrument contrast mentioned above, a more serious
threat to pilot vision may be p. 3 by laser weapons.
A number of effects may be seen. A direct conse-
quence of the incidence of laser radiation on the eye
is termed veiling glare. This refers to a luminous veil-
ing-haze (or dassle) which surt.ands any bright light
source and is likely to obscure objects imaged orto ad-
jacent retinal receptors. This dassle is derived from
two principal sources : firstly, there is significant scat-
#=7 of light within the tissues of the eye (Vos,1883; Vos
and Boogsard, 1963; Vos and Bouman, 1864); secondly
additional optical spread may be attributcd to atmo-
sphem: effects, Whereas ocular spread is relatively
quantxﬁable, ‘atmospheric spread is more difficult to de-
fine as it is dependent on & large number of meteoro-
logical variables.

After the offset of a laser source, an observer is likely
to experience some residual after-effects, the severity of
which are related to the energy absorbed at the eye. At
lower energy levels the observer ia likely to experience
a temporary elevation of contrast thresholds across the
retina caused by the exposuse of the eye to an inten-
sity of illumination far in excess of that to which it is
currently adapf.ed This is often referred to as flash-
blindness (a term ongmally derived from atormic flask
tests), and recovery is dependent on adaptation state
and the intensity of the incident light. The effects are
however likely to persist for a significant time after ex-
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posure. Miller (1566) demcnstrated a sustained effect
for up to 100 seconds.

Higher energies of incident radiaticn may cause actual
retinal damage. A typical result of such exposure is
the formation of an additional blind spot or scotoma
within the irradiated area. The likelihood of recov-
ery from such damage is related to the mechanism by
which it was caused. For instance physical dsmage to
the surface of the retina caused by the heating effect
of light near the infra-red is likely to be permanent,
whereas there exists 8 good chance of recovery from
photochemical damage caused by light near the blue
end of the spectrum. Recovery in either case occurs
over a long timescale, and the scotomata created are
likely to interfere with visual processes for a consider-
able period.

The location of a scofoma is important in determining
the loss of visual function. Scotomata in the periph-
eral retina may cause little disruption and may go un-
noticed in all but, for instance, search tasks. A foveal
scotoma on the other haund is likely to cause severe
visual impairment (Sec-Sliney and Wolbarsht; 1985,
Chapter 4 for a review of laser induced ocular dam-
age). In-addition it is hypothesised that although the
fovea covers only a small proportion of the surface of
the retina, there exists a high probability of & foveal
scotoma due to the likelihood of an observer foveating
any bright object entering the field of view.

Laser weapons are therefore likely to cause two types
of visual disruption. Firstly, du-*ng laser exposure the
observer i8 daszled and immediately aftér exposure ex-
periences a degree of flashblindness which has a similar
effect to dazsle and decays with time. Secondly in cer-
tain configurations a laser may cause ocular damage,
forming additional tlind-spots (of scolomata) on the
retina. The blink reflex is designed to protect the eye
from exposure to potentially hasardous light energies
but octufs over approximately 0.25 sec and may these-
fore be too slow to prevent damage by intense lager
radiation.

The effects of a foveal scotoma on tracking performance
have been researched By Burbeck and Boman (1989)

They messured tracking &rzors for a randomly moving
0.5° target with simalated'1.0%and 2/8° scotomata cen-
tred on the fovea (Diaseter of foveols = 1.4°, Polyak,

1941). They found that performance improved rapidly
over three daily sessions and attributed this to ob-
serveis learmng to oﬁ'set their gazes 5o ﬂ:.at tracking

uig erfor of 0. 64° inth aig scotom and 0.43° with
2 1° scoboma, compared to 0 28° in the control condi-
txon Th measurements of eye movemeats indicated

that subjects not only offset iheir gase sufficiently to
make the target visible beyond the scotoma, but also
maintained a clear separation of 1° or more between
scotoma perimeter znd target,

The research reported here investigates the effects of
both dazgle and scotomata on tracking performance, It
was hoped to confirm the findings of Burbeck and Bo-
man (1989) in addition to providing data more suited
to modelling (for inclusior in the Eritish Aerospace Or-
acle Vision Model) by restricting targets to constant
linear velocities. In addition it was planned to assess
the dependence of tracking errors on the offset between
a dazzle source and target.

The Effects of Dazzle on Tracking Per-
formance

Method

The design of & tracking system interface has a pro-
found influence over operator performance with that
system. For example, performance depends on the er-
ror feedback (Hill, 1970), tracking system gain (Gibbs,
1962) and even the direction in which the control oper-
ates relative to the midline of the body (Corrigan and
Brogden, 1949). Since each tracking system has its own
characteristics, a simplified laboratory based tracking
systern was devised for this résearch so as to maximise
the generality of the findings.

The tracking system comprised a Measurement Sys-
tems 446-G525 joystick interfaced to an IBM-PS/2
through a Data Translation DT2801 analogue to dig-
ital converter. Subjects sat in a darkened room with
an eyepatch over the left eye. Target and cursor were
displayed on a long persistence monitor (Green P43
phosphor) viewed from 1 metre at a luminance of
1.26 ¢d/m?® sgainst a background of 0.3 cd/m? {con-
trast=3.2). All tracking was compensatory, meaning
that it was the task of the chserver to overlay a moving
target on the centre of a pair of stationary cross-hairs.

A single fully trained subject pariicipated in the exper-
iment. Using the thumbstick mounted on the joystick
the observer was required to track a circular target 0.5°
in dismeter, which was moving linearly with angular
velocities of 0, 1, 2 and 3° /s using a full screen (12.9° x
4.9°) cursor. A half silvered mirror was placed between
the monitor and the observer. A bright non-coherent
hght source was passed through a pmhole (80 zeconds
arc in diameter) and reflected in this mirror so as to
be_offset from the target by 0.0°, 0. 5%, 1.0°, 2.0° or
3.0°, Calibration of the daszle source was difficult due
to_the high intensity and small arca of the light trans-
mitted through the pinhole. The maximum luminance
at the centre of the dassle was approximately 20,000
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cd/m? and caused total obscuration of the screen over
an area of approximately 19 in diaimeter with rediction
in contrast considerably beyond this. A non-coherent
source was favoured to a coherent source primarily for
safety reasons. Also it is suggested that over ranges
of the order of a couple of kilometres the coherence
of a laser may be disiupted by effects such as atmo-
spheric turbulence (see Sliney and Wolbarsht, Chiapter
13). Such being the case, a non coherent light source
may actually provide a more realistic simulation over
short ranges.

Tracking error was sampled at 10 Hs during ten 10 sec-
ond trials for the four target velocities without dassle
and in each of 20 combinations of target velocity and
dassle offset. Pilot studies suggested that steady state
tracking was not attained until the 6th second of each
tracking run, therefore the mean tracking error was cal-
culated over the last 4 seconds of each 10 second trial.
The target initially appcared at one of six locations
4° offset from the cursor which was positioned at the
centre of the monitor. Lirespective of target location,
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initial target trajectory was direcily towards the cur-
sor.

Results and Discussion

Table 1 and Figure 1 show the mean tracking error
recorded in each experimental condition. From Fig-
ure 1 it is evident that tracking errors were inversely
related to the separation between target and dasrle
source. Table 2 and Figure 2 show the same data aver-
aged and replotted as & ratio of error scores in dasxle
and no-dassle conditions. Tracking errors were at a
maximum when daszle and target were coincident, av-
eraging neatly four times those occurring without das-
zle. This confounds the notion that in this situation the
dazsle itself might act as a useful aim point. Increases
in tracking error were evident for target dassle offsets
of 2° and 3°. Although target and cursor were visible
through the daszle halo in this instance the reduced
contrast has clearly impaired tracking.

Dassle

Target Velocity

Offset ~ Static 1% /sec

2° [eec | 3°/sec

Etror  SE | Ertor  SE | Brror  SE | Ftror  SE |
No Daszle | 0.018 0.008 | 0.064 0.024 | 0.076 0.026 | 0.091 0.620
0° 0.136 0.073 | 0.185 0.087 | 0.182 0.041 | 0.224 0.068
0.5° 0.128 0.040 | 0.118 0.037 | 0.151 0.045 | 0.141 0.033
1.0° 0.072 0.053 | 0.101 0.052 | 0.105 0.033 | 0.144 0.046
20° 0.0 -~ 0.012 | 0.076 0.033 ] 0.095 0.021 | 0.098 0.037
3.0° 0.041 0.015 | 0.070 0.012 ] 0.073 0.022 | 0.107 0.026

Table 1 + Mean tracking error and standard error for target velocities of 0° /8, 1°/s, 2° feand
3° /s, without dassle and with dazsle target separations of 0°, 0.5°, 1.0°, 2.0° and 3.0
-]
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error without dassle in each condition.

Horizontal lines indicate the mean tracking
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- . Mean Tracking Error
Target-Dazcle Offset Mean Tracking Error Without Dassle
0.0° 3.81 £ 1.68
0.5° 3.07 & 1.04
1.0° 2.11 £ 1.16
2.0° 1.64 + 047
3.0° 1.35 £ 0.39

Table 2 1+ Mean Tracking Error [and standard error) expressed as a ratio of that recorded
with dassle fo that recorded without dazzle, These results are the average taken over

all four target velocities.

506G T T

400}

Ratio

200}

1.00

0.00 - -
000 1.00

2,00 300

Target-Dazzle Offset {degrees)

Figure 2 : P'ot of the Results Shown in Table 2. Mean Tracking Etror expressed as a
retio of that recorded with dazsle to that recorded without dazsle. These results are

the average taken over all four target velocities.

The Effects of a Foveal Scotoma on
Tracking Performance

Method

For the scotoma work the same tracking system was
used as for the dasale work described previously ex-
cept that the target and background luminances were
increased to 10.7 and 3.0 cd/m? respectively giving a
contrast of 2.57. As before mean tracking errors for
each experimental condition were calculated from mea-
surements (made at 10 Hz) of the tracking error for the
last 4 seconds of ten 10 second trials.

Burbeck and Boman (1985) génerated foveal scotomata
by monitoring eye movements, and blanking in real

time the area of the screen being foveated. This rep-
resents a considerable technical achievement and it is
attractive in terms of the precise method in which the
scotoma can be controlled. A more realistic simulation
of an actual laser sirike on the eye may be obtained,
however, by exposing subjects to a bright stimulus pro-
ducing an afterimage that persists for the duration of
each experimental trial. It was this option that was
selected for this experimental work.

Scotomata were simulated by exposing subjects
monocularly to a 200 msec 105cd/m? flash from an
sperture measuring 1° in diameter. Precise alignment
of the eye and stimulus prior to each exposure (us-
ing a headrest and the parallax effects of two pairs
of crosswires) ensured that scotomata were centred on
the fovea. Due to optical spread the scotomata actu-
ally generated were slightly larger than the size of the
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target, being measured as having

10 seconds.

Six subjects participated in the expeziment, It was in-
tended that the experimental scenario would resemble

a1 operational setting as closely as possible, There.
fore subjects were fully trained in the tracking task
but had no previous experience of tracking with a sco-
toma. Over four randomised daily sessions tracking er-
rors were measured for linear target velocities of 0,1,2
and 3° /3 with and without ecotoma. In addition, by
placing a fixation cross on the monitor,
weze recorded for tracking using the peripheral retina

at 2°, 4° and 6°,

Results and Discussion

Figure 3 shows the mean tracking error over the 10 sec-
ond duration of each 10 second trisl. These data are
averaged across all subjects for each experimental con-
dition. The tracking error of 4° st the commencement
of each trial corresponds to the initial offset between
target and cursor, There is a indication of a lengthy
acquisition period lasting approximately § seconds

an effective mean di-
ameter of 1.3%. The persistence of the afterimag
the ultimate factor in limiting the duration of each trial
since opacity could only be guararteed for the order of

tracking errors
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followed by 4 seconds steady state t:acking. There is
a clear differentiation between tracking performance at
eack: retinallocation for the unimpaired eye. As would
be predicted the lowest error scores were recorded
for foveal tracking with a systematic deterioration in
performance with ir..ceasing viewing eccentricity. A
foveal scotoma caused & significant dectement in per-
formance. There is an indication that in this case track.
ing performance equated to that which occurred when
viewing spproximately 6° peripheral to the fovea. Such
a finding is consistent with the conclusions of Burbeck
and Boman (1989), namely that subjects tended to off-
set their gaze 20 as to image the target and cursor on
retinal receptors peripheral to the scotoma. Indeed all
subjects reported having spontaneously adopted this
strategy in the early stages of the experimentation,
The indicated gage offaet of up to 8° is, however, rather
larger than would be expected. With a 1.3° foveal sco.
toma and a 0.5° target the observer would need to
offset her/his gaze by 0.9° ((scotoma size)/2 + (tar-
get size}/2) in order to make the entire target visible,
Burbeck and Boman (1989) demonstrated from actual
eye position recordings that sub jects prefer to maintain
a clear geparation of 1° between scotoma and target
from which it might be expected that a total offset of
roughly 2° would be recorded, considerably lower than
the 6° offset that has been suggested.

Static
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Figure 3 : Mean tracking error (o=
Results are shown
for each of the five viewing con
a foveal scotoma),

6) over the 10 seconds duration of each tracking trial.

for each of the four target velocities (0° /8,1°/8,2° /3 and 3 ° /5) and

ditions (Foveal, with offssts of 2°, 4° and 6° and with
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“Viewing Target Velocity (°/8)
Cordition "0 1 2z
T Mean SD [Mean SD | Mean SD | Mean SD

Scotoms | 0.117 0.055 | 0.105 0.053 | 0.152 0084 | 0.138 0.060
Poveal 0.025 0.009 | 0.032 0.004 [ 0.040 0.009 | 0.048 0.005

2° ofiset” | 0.048 0.015 | 0.053 0.007 | 0.080 0.034 | 0.077 0.015

4° offset | 0.075 0.019 | 0.092 0.018 { 0.095 0.010 | 0.103 0.022

6° offset | 0.120 0.023 | 0.125 0.026 | 0.138 0.031 | 0.150 0.014

Table 3 : Mean R.M.S. tracking error and standard deviation (degrees) secorded with &
foveal scotoma, with normal foveal vision and viewing peripherally at 2°, 4° and 6°.
Target velocities were 0° /s, 1°/s, 2° /s and 3 °/s.

0.20

N ) .
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- f%ﬁg ofset
-5 88 ofissl
g o015t - -
=
s i
‘5 i
%g 010} ,/i E
=
= S—
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i 2 1 i
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Tarpet Veiocrly (degrees’second]

Figure 4 : Mean R MS. tracking error and standard deviation (degrees) recorded witk a
foveal scotoma, with normal foveal vision and viewing peripherally at 2°, 4° and 6°.
Target velocities were 0°/s, 1°/s, 2° /s and 2 °/s.

Teble 3 and Figure 4 show the mean tracking error av-
eraged over six subjects for each of the 20 experimental
conditions. There is a clear indication that tracking er-
rors increased both with increased target velocity and
increased viewing eccentricity and were clevated by 2
foveal scotoma. As before there is an indication of
some similarity in the results for the scotoma condi-
tion and those obtained when viewing 6° peripheral to
the retins, lending support to the notion that subjects
offset their gaze by as much 28 6° in order to make the
target visible, There is however & higher variability in
the scotomsa condition (see standard deviation scores
in Table 3). Table 4 shows the mean tracking erro.s
across all subjects and all target velocities over the four

daily experimental sessions. There is a clear learning
effect across scotoma trisls. Mean tracking errors with
a scotoma improved from 0.281° on the first day to
0.178° on the fourth day, 2 more dramatic improvement

Dayl Day2 Day3 Day4
0281 0225 02217 0.178
0.156 6138 0127 0.130

With scotoma
No scotoma

Table 4 : Mean tracking error {degrees) over all tar-
get velocities and viewing conditions for each of
the four experimental setsions.




than that acen for non-scotoma triais. This effect pre-
sumably contributed tc the higher variability in track-
ing errora recorded with a scotoma. The poer perfor-
mance recorded during early scotoma trials was per-
haps due to observers attempting to foveate the target.
It was only aficr some practice that observr-s adopted
the gare-offset rirategy and this may have given rise to
the dramatic improvement in performance for scotoma
trials seen by the second day. There is & stroug possi-
bility that as simple a measure 3 promptiug naive sub-
Jjects to adopt the gase offset sizategy would hava been
of benefit in early scotoma trials. The poor perfor-
mance of subjects in initial encounters with a acotoma
has certainly contributed to the overall elevation of
meas tracking errors in the acotoma condition. There-
fore the actual gase offset achieved by the observers on
the fourth day of experimentation may have been con-
ciderably lower than the 6° offset which was indicated
by Figures 3 and 4.

Conclusions

It has been demonstrated that a dassle source may
cause & significant decrement in tracking performance
via two mechanisms. During irrad*ation dscle effects
may hinder target acquisition ana tracking. The pre-
cisz degree of impairment is likely tv be a function of
the intensity of the dassle source, the proximity of the
dassle source to the target, and the contrast of the
target. In the configuration used ir the present study
marimum interference to trackine .:curred when tar-
get and daszle ware coincident. A significant impair-
n 1t to tracking was evident for target-dassle offscts
ot .” and 3° even thougn vhe target was visible through
the dazzle halo at this offset.

It must be pointed out that the non-coherent dazsle
source which was used for the experimental work de-
scrived above differed from coherent light source oper-
ated in the field in two important respects : firstly, a co-
herent light aource is subject to significant interference
effects giving a f + grained speckled impression at the
eye. This irregulrz speckling may cause a significantly
increased impairment to target visibility. Secoudly the
dazele source which was used in this experimental work
way viewed from 1 metrc and was therefore not subject
to any significant atmospheric effects. Viewed through
as little as a couple of hundred metres of atmosphere,
a bright light source is subject to refractive effects. Al-
though dependent on meteorological conditions, such
effects typically cause fluct:iation of the dazsle halo
with time, giving periods of relatively high target visi-
bil'ly. An experienced observer will learn to reacquire
the target and track accurately during these momen-
tary lulls, As s final point, the observers in this exper-
iment were forewarned of the dassle source and were
aware that it wac eye safe, Little or no startle cffects
were therefore involved. In the field the rational re-
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sponse to the sudden onset of a laser source may be to
close the syes 80 as to shield them from possible dam-
age, clearly causing significantly greater disruption to
tracking than may have been revealed by this study.

It has been demonstrated that tracking performance is
likely to be impaired after the offset of a laser or other
bright light source. A 1.3° scotoma on the fovea caused
an elevation in mean trecking errors to 355% of those
recorded with unimpaired vision. The performance of
naive observers seemed particulatly susceptible, Track-
ing errors recorded during the first scotoma trials gave
rise to mean tracking =rrorc at a level of 441% of those
recorded for unimpaired vision, compared to 279% for
the last (fourth) scotoma trials. This learning occurred
over a relatively short time (subjects tracked with a
scotoma for a total of 6.7 minutes over the four days
of the experiment). A major contribution to this effect
may have been the adoption of the gase-offset strat-
egy by the ubservers and their subsequent refinement
of this technique. Burbeck and Boman (1989) demon-
strated an increased proficiency for this technique with
practice. This is not wholly unexpected since in nor-
mal circumstances {he viewing of a target with the pe-
riphery (i.e. looking where the target isn’t) is highly
irregular and foveation is compulsive.
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USE OF CONTACT LENSES (CL) BY AIRCREW IN THE USAF,
A PROGRESS REPORT

Thomag M. McNish, Col, MD, MPH, SFS
Chief, Flight Medicine
Office of the US Air Force Surgeon General
Bolling Air Force Base, District of Coluwbia, USA

SUMMARY

In June, 1989, the Chief of Staff,
USAF, approved a plan authorizing, for the
first time, the use of corrective CL in
fiight by aircrews of the USAF. Eligible
aircrew under this plan inciude all those
requiring distant vision correction and
having less than 2 diopters astigmatism.
There is a recognized operational advantage
to the use of CL vice spectacles in several
Air Force mirsions. These include, most
notably, the operation of high performance
aircraft, and/or the use of night vision

. - goggles to accomplish the mission.
Therefore, the use of CL in £light is now
optional for all physically qualified

aircrew in the USAF.

Prior to initiation

lens and, thus, no longer has corrected
vigion,

Even if selection procedures are
designed to choose pilot candidates who do
not require corrective lenses, the natural
ocular aging process will require most
aviators over 40 years old to wear them.
Thus, there will always be aviators who
require visual correction. The realities of
the current selection process require us to
train scme pilots who already need
spectacles. A much greater proportion of
newly trained navigators require visual
correction. Approximately 10% of
undergraduate pilot training students and
one~-fourth of navigator students must vear

of this program, a thorough literature

glasses. These perventages increase
dramatically over the average career.

A

search was accomplished,

Based on data

from studies on the cumplications
associated with CL, the lozs of 70 flying
days per 1000 CL wearing aviators and four
permanent groundings per 10,000 CL-wearing
aviators per year were predicted from CL-
related probliems. Safety of flight in high
performance aircraft with CL was determined
by a l-year study of 89 aviators in
Tactical Air Command, completed in 1989, (2)
Complication rates were very close to those
predicted. 1In order to further validate
predictions, or rapidly detect any negative
trends, tne implementation plan includes a
requirement for close professional follow-
up of all CL-wearing aviators. Detailed
quarterly reports on total number of CL=-
wearing aircrew, CL-related medical
groundings, safety incidents, etc., are
required by the Surgeon General, USAF.

So far, there have been no permanent
groundings nor CL-related safety incidents.
After 856 aircrew-yvears of CL use, the rate
of temporary grounding remains close to
early predictions.

BACKGROUND

The need to use corrective lenses has
long been the bane of a pilot's existence,
especially for pilots of high performance
aircraft., Spectacles obviously do not make
safe flight impossible, they merely provide
another distraction and potential
complication to overcome while attending to
the demanding tasks of operational
aviation., Spectacles are freguently
incompatible with life support equipment
sucn as helmets, masks, and visors, When
in a high G environment, glasses often
slide down on the aviator's nose, limiting
the area of corrected vision. Under Gs, or
at other times, the oxygen mask may develop
a leak along the upper edges, which, in
turn, causes fogging of the ienses., The
spectacle frames, no matter how well
designed, create "blind spots" ir the
aviator's field of view. During the
descent phase of zn instrument approach,
epectacles often fog because of the
temperature and humidity changes. When a
bespectacled-fighter pilot is ¥checking
six,® he inevitably reaches a point at
which he is looking beyond the edge of the

recent survey of all active USAF aviators
revealed that over 27% of pilots and nearly
51% of navigators wear corrective lenses to
fily.

For many years, there have been efforts
to find a better means than spectacles to
safely correct the aviator's vision. Each
time technology has provided a new method to
correct vision, the new technique has been
thoroughly examined for its applicability to
aviationz. Many of these techniques have
been approved for use in civilian aviation,
but have not been adopted by the military.
The demands of military aviation, especially
in the high performance arena, are much less
foruiving of temporary incapacitation,
distraction, or substandard vision, than
those of private or ccmmercial flying.

One of the most popular alternatives to
spectacles is contact lenses. They are,
however, fraught with multiple problems
which were, until recent technological
advances, incompativle with military
aviation. They have, however, been changed
and improved dramatically over the last
gseveral years. Each time a new material or
design has emerged, rew rounds of evaluation
for compatibility wih military aviation
have ensued. Until r2cently, unacceptable
risks of temporary iistraction or
incapacitation associated with available
types of contact ienses have lead to
disappreval. Major concerns exist in two
areas. First, would the contact lenses be
iikely to cause problems that would impact
flying safety or operational effectiveness?
This concern involves the possibility of
lenses compromising visual acuity or causing
distraction due to displacement or foreign
objects under the Jens, Second, would the
use of contact lenses cause an unacceptable
loss of valuable aviator resources, through
temporaxy groundings for minor problems, or
through medical disqualification for
permanent reduction in visual acuity
secondary to contact lens wear? Temporary
groundings could be caused by severe red eye
reaction, including severe keratitis or
conjunctivitis presumed not to be infectious
in nature. Coineal infections which clecr
completely would also cause only temporary
grounding. Aany infection which resulted in
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Séven phase study on the feasibility of soft
contact lens wear in the aersspace

ent, begun at the USAF School of
Aeros, ce Medicine in 1982, fThe phases

of the pProgram were as follows:

1. Accsleration (+Gz effects)

2. High altitude exposure

3. Rapid decompression effects

4. Altitude and low humidity effectgs
5. Chemical warfare agent effects

6. Multiplace aixcraft study

7. High performance airecraft study

The results of the first six studies were
encouraging, and Suggested that soft contact
lenses coulg be tolerated in the a¢rospace
environment. 1Ip order to minimize the
likelihood of injury to av
Meﬂ%toﬁﬂmsﬁww
performance aji
be particulayy

participating crew members, Cleaning
solutions were carefully chosen to minimize
reactions,

During this study, a representative
sample of pilots and weapons system
operators in F-111, p-q, F/RF~4, F~-15, and
F-16 aircraft compared contact,

included task performance, compatibility
with £1ighe equipment, wearability,
Supportability, maintainability, and
operationa)} acceptabilicy, Medical
acceptability was assessed by designated eye
care specialigtg, EBffectiveness wag based

j the aircrew as
to ease of visual task performance wearing
contact lenses compared with spectacles,

RESULTS

performing visval tasks
associated with tactical air missions,
Likewise, in the overall dssessment, 81 of
82 (98.7%) preferred contact lenses to
spectacles,

Medical resulits of this study showed
the complication rate for temporary
disqualifica:ion {75 days per 1,000 aviator
years) to be roughly equivalent to the

ty in loca) optometry clinics,
This is a Bi1te-gpecific probiem, but jg
the bases that

would fit and dispense contact lenses, The
actual impact of contact lens care on
optometric resourcesg 1S uncertain, but it

The resultsg of the study were strongly
Supportive of the use of contact lenses by
USAF aircrew. The numbers do not, however,
reveal one of the strongest pPoints., .that of
overall aircrew enthusiasm. The aviatorsg'
written assessments frequently contained
comments l1ike "Excellent peripheral vision,
Visuals on traffic at 3 and § o'clock were
much more frequent; "Greatly improvead
ability for night flying by reducing

e

LT RIRT




o

g,

i 1y

W

A

reflection of cockpit lights.®; "Contacts
give e a tactical advantage in the air.";
etc. This, combined with the lack of
significant problems during the study, led
to the decision to proceed with an
implementation plan for general use of
contact lenses by USAF aviators. This plan
was implemented by approval of the USAF
Chief of Staff on 21 Jun 1989,

IMPLEMENTATION PLAN

Based on this plan, contact lenses are
made an option for use by all USAF aircrews
who meet the following prerequisites,

1. Require corrective lenses to
achieve 20/20 visuval acuity.

2. Require correction for distant
vision only.

3. Have corneal astigmatism not
exceeding 2,0 diopters,

4. Corneas nmust exhibit clear and
regular keratometry readings,

5. Be able to achieve visuwal acuity
of 20/20 or better in each eye with contact
lenses and with spectacles immediately
after removing the contact lenses,

6. Have no history of significant
ocular, periocular, or medical diseases
that contraindicate contact lens wear.

Aircrew who elect to use contact
lenses must Keep a pair of clear
prescription spectacles in ar immediately

Quartex 1 2 3
Wearers 386 704 1376
H#DNIF* 2 5 6
(Med) 2 4 4
(Admin) 0 1 2
Days DNIF 20 46 63
{Med) 20 16 20
(Admin) 0 30 43

available location while £flying. Should
any problems arise with the contact ienses
during £light, the aircrew must ke able to
rapidly and safely discard them and put on
the spectacles.

. Contact lenses dispensed to USAF
aircrew must meet the following standards.

1. Water content must not exceed 55
perxcent,

2. Lenses may not be tinted.

3. Only those lenses and solution
specifically approved by the ophthalmology
section of the USAF School of Aerospace
¥ellline may be used.

Wear of the lenses must comply with
the following guidelines:

i, Wewr is optional. Contact Ienses

m:st be removed any time they are
uncomfortable.
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2, Aircrew must wear contact lenses
only while awake. They must not be worn for
over 24 hours at a time.

3. Should any ocular problem occur,
they must remove the contact iens
immediately, resume spectacle wear, and
contact their flight surgeon.

4. They may not participate in any
mission which requires using contact lenses
to complece the mission safely.

In crder to assure rapid detection of
individual or general population contact lens
related problems, a regular follow-up
schedule is mandated and a rapid reporting
system to the USAF Surgeon General is in
place. Aircrew who do not comply with the
designated follow-up schedule are
administratively grounded until their follow-
ups are current.

CURRENT STATUS

Now, one year since the -approval of the
USAF Contact Lens Implementation Plan, 1,850
Air Force personnel are wearing contact
lenses while performing aviation duties.
This includes 474 new wearers in the past
three months, 66% of aviators wearing
contact lenses f£ly in high performance
aixcraft. There have been no permanent
medical groundings as the result of contact
lens wear. However, this is not inconsistent
since projections based on civilian studies
would only predict 0.34 permanent groundings
at this point, Data concerning temporary
groundings is summarized in the following
table.

4 Total
1850 (856 wearer/years)

16 29
11 21

5 8

80 208

33 89

47 120

*Duty Not Including Flying

By disregarding the administrative
groundings (missed follow-up exam, etc.), the
calculated DNIF rate for medical causes is 104
days/1000 contact lens wearing aviators/year.
This is surprisingly close to the rate of 70
days/1000 contact lens wearing aviators/year
projected prior to implementation of the
program. Most importantly, there have been no
safety incidents or mishaps attributed to
contact lens wear.

Aviator enthusiasm about the program
remains particularly high, and we have every
reason to be pleased with the program's
success,
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CONTACT LBSSBB IN THE U.8. ARNY ATTACK HELICOPTER ENVIRONMENT

. v )
Morris R. Lattimore, Jr., 0.D., Ph.D., MAJ, MS, US ARMY

visual Sciences Branch, Sensory Research Division
U.S. Army Aeromedical Research Laboratory, P.O. Box 577
Fort Rucker, Alabama 36362-5292
(205) 255-6807

Abstract Introduction

Recent technological advances have
had a major impact on military aviation.
While modern methods of providing visual
information via electro-optics/visionics
systems have- extended the aviator's
operational envelope, theése devices -are
becoming increasingly incompatible-with
spectacle wear: Since approximately 20
percent of Army aviators are ametropic
(spectacle wedaring), alternative means of
providing a refractive-error correction
need to be- ‘investigated. -One alternative
being considered-is the:use of a contact
lens correction:

Abstract Methods and Results

For the-past -year, the U.S. Army
Aeromedical Research Laboratouzy (USAARL)
hag beén condiucting-a worldwide; AH-64
"apaché”-contact lens._research-project in
order "to deveélop a comprehensive database
on contact lens wear in-a.variety of
environments. A-three-tier contact lens-
fitting system-is being used: -two-
different types of soft lenses and one
rigxd gas- permeahle (RGP} lens type. The
wearing schédule is set.at a maximum of 7
days/6 nights- of extended-lens ‘wear:
Fundamental operational data is being
chronicled-by unit flight surgeons..
Standard clinical data is being used in
on-going command- deliberations. on future
medical policy decislons concerning
contact lens wear by Arny aviators.

Basic research ‘information is being
gathéred in-an-effort to determine the
fundamental -physiological response of the
corriea to the-presence of a contact lens.
Up-to-date results-are presented as an
introduction to interactive discussions.

Abstract Conclusions

The _subjective. assessment of contact
lens applications within the aviation
community- is universal acceptance. while
current clinical data- indicate some
ocular-health-risk, “flight -safety risks
are minipal. Establishzent of long-temn
contact lens. effxcacy likely-will depend
gntthe -ensuing analysis- of physioclogical

ata.

IRTRODUCTION

Recent technological advances have
had a major impact on Army aviation.
¥hile modern methods of providing visual
information via electro-optics/visionics
systems have extended the aviator's
operational envelope, these devices are
becoming increasingly incompatible with
spectacle wear. Specifically, standard
refractive error correction options for
the 'M-<43 -protective mask have proven to
be incompatible with the Helmwet Display

Unit (HDU) component of the AH~64
nApache* Integrated Helmet and Display
Signting System (IHADSS). Glue-on and
outsert packages push the HDU, a
Maxwellian-view virtual inmaging system,
far enough from the ametropic aviator's
eye to significantly reduce the available
field-of-view; consequently, peripheral
instrumentation and weapon system
overlays cannot adequately be visualized.
One alternative to spectacle wear being
considered is the utilization of a
contact lens- correction.

Current Army Regulations proh1h1t
the wearzng of contact lenses by aviators
while flying. Waivers to these
regulations have been approved for
volunteer subjects under the aegis of a
controlled scientific investigation.
Consequently, tlié U.S. Army Aeromedical
Research Laboratory (USAARL) has
initjated an Army~wide AH-64 contact lens
research protocol in oxder to provide
both an interim readiness fix and to
develop a conprehensive database on
contact lens wear in a variety of
environments. Basically, the protocol
has beeh organized from three different
perspectives with concerns directed

toward operational and flight safety
issues, ocular health issues and their
secondaxry effects on existing heaith-
care delivery systems, and potential for
long-term changes in corneal
physiological integrity.

A standardized fitting and data
collection. protocol was established;
specific baseline evaluations, in
addition to standard clinical appraisals,
included: Endothelial morphological
assessments, .anterior lens surface pH
recording, trans-lens oxygen uptake rate
monitoring, and tear film osmolarity
determinations. This basic research
information is being gathered in an
effort to determine the fundamental
physiological response of the cornea to
the presence of a contact lens. The
clinical data will be of value as a
reference for compand deliberations on
future medical policy decisions
conccrnxng contact lens wear by Army
aviators. Fundanental operational data
is being chronicled by specially trained
unit flight surgeons in order to documant
the impact of routine contact lens wear
on relevant aviation medicine issues.
During that time it is anticipated that
sufficient data will be obtained to
provide the basis for an informed
decision concerning overall Army policies
regarding extended wear contact lenses.
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METHOD3 AND MATERIALS

Two civilian contract optometrists
and one technician- are responsible- for
the provision of contact lens fitting and
follow up examinations. Volunteer
subjects from AH-64 units, and units
fielded with the M-43 protective mask
were provided with informed.consent and
an individual formal waiver to
participate in the study. The 2~year
study period will cover 200 subjects at 9
different Continental United States
{CONUS) locations, plus 5 Federal
Republic of Germany (FRG) locations.

The study is scheduled to conclude
at the end of September 1991. A three-
tier contact lens fitting system was
utilized, ‘with the initial lens of choice
being &, moderate to high water content
dxsposable extended wear soft lens.
Backup lenses consisted of a low water
content standard extended wear soft lens
utilized on a disposable basis, and a
rigid gas permeable (RGP) lens used with
a chemical disinfection system. All
three types of lenses were approved by
the United States Food and Drug
Administration (USFDA) for routine use.

The wearing schedule was set at a
maximur.of 7 ddys/6 nights of extended
lens -wear, in ‘accordance with USFDA
reccmnendatxons. The subjects were
instructéd that the 7th night was to be
passéd without lens wear; worn soft
lenses were to be discarded, and RGP
lenses cleaned, disinfected, and stored
overnight. After at least one full night
of lens-free sleep, the subjects were
instructed that they could apply a new
soft 1ens, or resume wear of the cleaned
and disinfectéd RGP lensés. This pattern
of wear and rest was to be continued
until the next scheduled quarterly follow
up evaluation.

Each quarterly follow-up examination
adhered to-the same testing protocol
established for initial examinations. &an
additional componerit to each-quarterly
follow-up was the inclusion of a
subjective: questionnaire to query
apparent effectiveness of ‘contact lens
wear in job- performance. Generalized
background 1nformatzon concerning- flight
nours and- cowdxtzons are also documented
for future safety- issue-reference.

RESULTS ‘AND DISCUSSION

To date, 223 volunteer subjects have
been examirned for possible contact lens
wear: 31 subjects were not able to-bé-
£it with lenses, and 19 Subjects had to
be disco tinued or withdrawn from the
study after-an initially successful
contact lens fit. -Therefore, although 86
percent of the volunteer sibjects were

en Y. 77 percent have been successful in
wearing the lenses. Average length of

tige in the program is ten months, with a
range- of 1

to 20 months.

The two areas of greatest difficulty
involved those individuals dependent upon
a near or reading correction (presbyopic)
in the cockpit, and those exhibiting high
amounts of ocular curvature distortion
lastigmatism). Presbyopic subjects were
not routinely fitted wit:: lenses, since a
reading overcorrection would defeat the
purpose of contact lens wear in lieu of
spzctacles. Highly astigmatic subjects
were not able-to obtain adequate visual
acuity with soft lenses; RGP lenses were
demanding to fit and difficult to adapt
to. As a result few subjects are
successfully wearing RGP lenses.

Average wearing time was 4.4 days by
follow up examination. Subjective
gquestionnaire response had a mean wearing
tirme of between 6 and 7 days. The
refractive error distribution peaked at -
0.75 diopters (D) with a skewed
distribution toward higher amounts of
nyopia. The military rank distribution
of participants approximately split
between commissioned and warrant
officers; the enlisted ranks included a
few crew chiefs and aerial observers.
Lens type distributions matched the
refractive error distribution, except for
RGP -lenses, -which were equally
distributed across refractive error.
distribution of subjects by age was
bimodal, with peaks near ages 27 and 17.
Because of the bimodal age pattern, there
was some concern that our sample was not
representative of Army aviation in
general, so-the Aviation Epidemioclogy
Data Register was queried regarding the
entire aviation-population. All of the
1989 flight physical data were reviewed
{as was 6 months worth of 1990 data); a
sizilar bimodal distribution was
obtained, thereby reassuring the
investigators that the sample was not
biased in some fashion.

The

To date, safety issues have not
arisen, although two contact lens wearers
happened-to be- involved a nidair mishap.
Both occupied the front seat of involved
AH-64s, neither individual was at the
controls at the time of the mishap, and
U.S. Army Safety Center assessments did
not include contact lens wear as a factor
in the mishap. Additional areas of
interest included clinical and basic
physiological data: anterior contact
iens surface pH, lens hydration, tear
f£ilm stability, corneal thickness,
objective bionmicroscopic examination, and
endotheiial morphology. These subjects
will be addressed both individually and
in a correlated format through the open
literature prior to Final government
technical report.




: Subjective questionnaire data were
iR highly supportive of contact lens wear
while performing flight duties.
Approximately 90 percent of subjects felt
their flight performance with contact
lenses was equal to or better than with
spectacles after 1 month of contact lens
wear; after 3 months, all subjects felt
their flight performance with contact
lenses was equal to or better than with
spectacles. Confidence in flight
abilitiec with contact lenses paralleled
the above findings, as did corbat
effectiveness estimates and endorsement
of a routine program. Of some concern is
the fact that 35 percent of the subjects
admit on anonymous questionnzire to
wearing their lenses longer than the 7
day maxinum; 10 percent admit to going
longer than 10 days continuous wear.

This information could ke valuable to
attempts at modeling risk of adverse
cffects.

The true disposable contact lenses and
wetting solutions have cost an average of
$415/aviator/year; the annuwal cost of
RGP lenses was essentially identical.
However, the annual cost of the standard
soft lens that was used as a disposable
was $835/aviator. These costs are
winimal compared to the expenses incurred
via normal high performance aircraft
training and operational activities.
However, there are hidden costs to a
proposed routine contact lens program
that must be further docunented:
Optonmetric manpower requirements for
required fittings and follow-up exams are
still being evaluated, establishment of a
logistical train for resupply is still
under consideration, and finally the
potential for adverse medical effects
that are linked to routine contact lens
wear can cost units in terms of
operational availability of some
aviators.

Ocular health incidents or adverse
cifects have been varied. Of the six
nedical events recorded, three cases are

- thought to be contact lens-related and
three independent of contact lens wear.
A1l cases involved subjects wearing soft
lenses. One case of acute, localized
ulcerative keratitis has been confirmed.
The ulcer (and its secondary scar) was
located superiorly off the visual axis,
so visual acuity was unaffected. The
individual was on Duty Not to Include
Flight (DNIF) status for 10 days. Once
the acute infection resolved, normal full
flight duties (FFD) were resumed. The
subject resumed ccntact lens wear 6 weeks
after resuming flight duties. Two cases
of generalized Keratoconjunctivitis have
been observed. Both were linked to a
superficial corneal abrasion judged to be
associated with inproper soft lens
removal techniques., Neither involved
DNIF:; recovery occurred within 3 days
for both. The last three cases wera
thought to be unrelated to contact lens
wear and included: One case of viral
keratoconjunctivitis (FFD), one case of
anterior uveitis (DNIF 6 days), and one
acute allergic response (DNIF 2 days).
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BUMMARY

Subjective approval of routine contact
lens wear has been high, as have
subjective performance assessnents.
ocular risk for severe infection is
difficult to establish from current data.
However, cost in terms of lost flight
duty time is being monitored. Medical
costs, in terms of logistic and
professional personnel requirements still
have to be established. If current
trends continue, it is possible a
decision on the routine wear of contact
lenses could be positive. However,
because of unique difficulties
encountered by presbyopes and high
astigmats a significant portion of
spectacle-wearing aviators will not be
able to wear contact lenses.
Consequently, routine contact lens wear
represents only a partial solution to
spectacle incompatibility problems.
Therefore, developrental hardware
alternatives must be included in future
system programming or a large number of
aviators will be prevented from
performing certain flight duties.

1. The views of the author do not
purport to reflect the position of the
Departnent of the Army or the Department
of Defense.

2. Citation of trade names does not
constitute official Department of the
Army endorsement or approval of the use
of such commercial items.

3. Human subjects participated in the
study after giving their free and
informed voluntary consent. The
investigator adhered to AR 70~25 and
USAMRDC Regulation 70-25 on Use of
Volunteers in Research.




10 _YEARS FLYING WITH SOFT CONTACT LENSES

AIR COMMODORE J K CLOHERTY
CONSULTANT ADVISER IN OPHTHALMOLOGY
TO THE ROYAL AIR FORCE
RAF KELVIN HOUSE, CLEVELAND ST, LONDON Wi UK

ABBREVIATIONS USED IN TEXT

ASCL Trial = Aircrew Soft Contact Lens Trial LUN = Lunelle

V.4, = Visual Acuity 575 = Scanlens 75

C.L. = Contact Lens M.0. = Medical Officer
Q.R.A. = Quick Readiness Alert HavV = Navigator

C.F.S. = Corrected Fiying Spectacles MOD B Ministry of vefence
A.R.5 z  Aircrew Respirator NBC No 5 Mk 2 C.A. =  Consultant Adviser
I-AM. = Institute of Aviation Medicine

Hz = Hertz

E/W = Extendad Wear

HIW B High HWater

INTRODUCTION

In 1580 the RAF started an Aircrew Soft Contact Lenses {ASCL) Trial Phase 1, To assess the value
and safety of Soft Centact Lenses for those Aircrew who normally wear Corrected Flying Spectacles.

For this trial two soft contact lenses were selected. The high water content Scanlens 75 snd the
medium water content Snoflex 50.

The reason for selecting such lense was that Front Line Alrcrew may have %o use their Optical Aid
for long periods, eg QRA, DIVERSION, LONG Ha 'L FLIGHT.

METHOD
1.  YOLUNTEERS were selected from Aircrew and Medical Officera.

Inztially:

20 Volunteers were fitted with Snoflex 50 Lenses
20 Volunteers were fitted with Scanless 75 Lenses

2. A1l Volunteers were fit healthy males With no ocular pathology and no ‘eye proble=s' apart from
the need¢ for spectacles to achieve best visual acuity. The matching of lens type and volunteeér was
randomized and did not relate $o Afrerew role or age.

HEASUREMENTS
3. For the Init:.i Volunteers gertain measurezents were %aKen, pre-fitting and post fitting of

the lenses. These consisted of:

¥isual Acuity

Corneal Dlameter

Inter«Palpheral distance in Primary Position
Corneal Thickness {Central Axis)

Schirmer's Test

Ha/K Ratio in Tear Fluid

Osmolalaty of Tear Fluid

After the Environmental Tests at IiM, the only measurements which were contincally monitores were
Visual Acuity at each visit and the Schirmer’s Test at the first visit for new vol:

8. A1l Volunteers when fitted with their soft contact ienses, startes off on a daily wear regi~e so
that they Dbecame accustomed to the handling and oare of their lenses. This particular care systex
{cleaning lenses in the pal® of the hand with Piiagel and rinsing thoroghly wiih Preserved Salire an
then storing in Preserved Saline} and the regular visits initiaily imposed on the volunteers,
deterred wmany from continuing in the trial. At Tabie 1 are listed those cases which fell by the
wayside in the sarly years, and che reasons for abandoning their lenses.

The iatter years, with less frequent visits to the Ophthalzologist and
extended wear use, have resulted in better compliance.

progress to

IAM ENVIRONMENTAL PHASE

Gf the initial &0 Volunteers, 10 of each {Snoflex 50 and Scanlens 75) were io have ¢
Environmeital Tests carried out at IAM. Unfortunately dué to Service needs and availability of IaM
equipmen', not 11 20 subjects completed the Test programme. Despite this %ne resulis indicated that
environzental flying conditions would NOT prejudice the use of Soft Contact Lenses in Alircrew.

IAM Report No 626
§ H Brennan and J K Girvin
Aug 1983

W
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ERVIRORS TESTED AT JAM

1.  HYPOXIA 12,000 feet and 27,000 feet 17 Subjects

2. RAPID DECOMPRESSION 8,000 feet to 38,000 feet 8 Subjects

3. PRESSURE BREATHING 30mm Hg and 70mm Hz 17 Subjects
for 30 and 45 Seconds

4.  VIBRATION Expected Decrement in V.A. 17 Subjects
at 6 and 8 Hz

5. ACCELERATION G and 6G 13 Subjects

6. CLIMATIC TESTING Hot 50°C 1 Hour 13 Subjects
Cold -25°C 1 Hour

7. ATRCREW RESPIRATION NBC NoS 2 Hours 13 Subjects

CONCLUSION

The subjects were exposed te the most extreme adverse environmental conditions considered likely to
pe encountered by wnmiiitary aircrew in (light. In all instances, the visual performance of
airerew wWearing soft contact lenses did not differ significantly from their performance when wearing
CF™, =and was not degraded by any of the environzental stresses. The visual perforzance of
subjects wearing Scanlens 75 did not differ significantly from those wearing Snoflex 50. It was
censidered fron the environmental standpoint soft contact lenses were suitable for aircrew.

Upen receipt of the environdental test results the volunteers were allowed to fly wearing their
lenses.

n 1981 the Snoflex 50 lenses were abandoned because they were quite unsuitable for Extended Hear
use due to discomfort and ciliary injection when used over 16 hours.

Sczanlens 75 CLs have continued t2 be used and in a few cases Lunelie Cls have been used.

Some of the original volunteers have left the service and some have stopped wearing the lens:s for
the reasons gliven in Table 1.

In 1585 the care ragime was changed to the SEPTICON care system BYT lenses were NOT to be :leaned
(massaged) in the palm of the -ind. CLERZ drops {(no preservative and no enzyze) were used on waking
when lenses were being used as E/W lenses.

QUESTIONNAIRE TO VOLUNTEERS IN THE RAF ASCL TRIAL

1. The above questionnajre inciuded 3 specific questions related to the operat: nal aspect of Soft
Contact Lenses for Aircred.

{a} Each Yolunteer was asxed 4id ne prefer wearing Soft Contact Lenses to wearing spectacles.
All answer

5} Each Volunteer was asked for his total flying hours in an operational role whilst wearing
is Soft Centact lLenses. Flying hours in a Civilian or Service Passenger Aircraft were NOT to be
ncluded. The type of lJervice aircraft ang the subject's operational role were to be included.
e, PILOT, NAVIGATOR, AEQ, AEOp, Air Eng, ALM, AIR EXPERIENCE. TOTAL FLYING HOURS to date
xceeds 30,000 hours. {Tables 2, 2, %, 5, 6 and 7) give a breakdown of Flying Hours.

[ Ll )

{c} Each Volunteer was asXed if he had experienced any visual problems when flying wearinz
Ssft Contact Lenses.

3

Each Volunteer was asked if ne would be confident to fiy operationally wearing Soft Contact

eral aphakes, ie they have hai & cataract rexoved frox one eye and had a Scanlens 75 Contac
. and have retained a full fiying category.

At ihe present time there ars 3§ Volunteers in the ASCL Trial {June 13G0). Of these, 8§ are

o
o
@&
W

The breakdown of the current volunteers with their viswal acuities and wearing tice is given in

A1l volunteers are regularly reviewed every 3 months.

CORCLUSION

1. It is the opinion of the author of this report that Soft Zontact Lenses are a viable and
worthwhile alternative to CFS for Airerew. Not all Aircrew will bte suitable, but in =ost cases on
trial of lenses can decide this. Even while wearing Soft Contact Lenses the Alrerew member will alw;
carry one pair of clear CFS with hi=.

H

|
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The danger is that if you do not fit and supply such Optical aids for those who require CFS, the
individual will go out and purchase his own contact lenses privately - and these persons will not
be correctly supervised.

The Author has seen 3 such Aircrew. Two had Vascularigation of the Cornea and had to stop Contact
Lens wear inmzediately. They were sysptox free but had low water content daily wear soft lenses,
suppiied by an optician privately and they had not been reviewed regularly. The third had Allergic
Conjunctivitis, also known as Giant Papillary Conjunctivitis. Again he was symptom free and had not
been regularly reviewed by the Optician who had supplied his low water content daily wear lenses
privately. He had to cease wear immediately.

RECOMMENDATIONS

1. If MOD decide to supply suitable Aircrew with Soft Contact Lenses, it is re ded that 1
learned in the ASCL Trial Phase 1 should be implemented in the "RAF ASCL Trial Phase 2".

{a) All Volunteers would sign a declaration form that they understood they were participating in
a Trial and that they are aware of copplications which can occur. A draft for such a fora {Table
9) has been approved by the RAF medical ethical committee.

{b) In the opinion of the author the ideal Soft Contact Lens for Aircrew is a lens which
(1) Has an Extended Wear Capability.
(i) 1Is a Disposable Lens.

(¢c) Such a lens would be fitted and issued as a Daily Wear Lens. The lenses would be recoved
each night and placed in a Cleaning System which contains no preservatives and no enzymes. Such a
systes is the 10/10 Cleaning System and this would replace the present Septicon systea.

The subject would not have to clean the lens each night using the paln of his hand and fingers.
The latter system was used early in the present trial and often caused damage to the lenses and
the volunteers found it tedious. 7The present Septicon system avoids excess lens handling, but
contains a preservative.

Kinimal lens handling reduces lens damage and lens infection, and daily wear reduces the
likeiihood of Corneal Vascularigation developing.

{d) Having a disposable lens means that after 4 weeks wear, he discards his lenses and uses an
identical new pair of lenses. Replacing lenses monthly reduces Protein deposits building up on
the lenses with associated allergic reactions.

(e) Pericdically the supervising ophthalmologist will have the volunteer use his lenses as
extended wear for one week and will review him at the end of the week. This will enable the
aircrew member to experience using the lenses in extended wear, as may be nea:ssary in operational
conditions, eg Diversion froz main dase, Harrier operation, Long haul flights.

It will be esphasised to the volunteers that the lenses are to be used as daily wear unless
operational needs decree otherwise and gnly then.

£ach Volunteer will carry a new pair of soft contact lenses with him at all times.

(f) Soft Contact Lenses should only be offered to experienced aircrew, fe 25 to 35 years of age.
Fitting Trainee Alrcrew who require CFS is NOT recomzended. This has been discussed with the CA
in Psychiatry who agrees that the stress of learning & flying role should not be influenced or
impeded by concern or worry about contact lenses. In fact the contact lenses could becoze a ready
scapegoat for failure in general airmanship.

It i3 felt that a qualified Alrcrew person with experience is the ideal for a trial of contact
lenses. Thus those in the 25 - 35 years age group, when they are at their highest profile in
aircrew duties (particularly front line squadrons) should be the first recipients.

IMPLEMENTATION

1.  OPHTHALMOLOGIST

Each Yolunteer is to be supervised by a Service Ophthalmologist with Contact Lens experience.

2.  OPHTHALMIC OPTICIAN

Fituing and supervision of Volunteers =ay be carried out by 2n Ophthalmic Optician working in a Service
hthalmic Department who has direct access to the Ophthalmologist at Para 1.

3. SOFT CONTACT LENSES
SCANLENS 75 (H/W Content Soft Contact Lens)

LUNELLE (H/W Contont Soft Contact Lent)
DISPOSABLE SUFT CONTACT LENSES 7O BE CONSIDERED

(R N S
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§.  CLEANING MATERIALS
10/10 Cleaning System. (Ho enzymes, no preservatives).

Clerz minims for use when lenses in situ and being used as Extended Wear.

{Sterile and no enzymes
and no preservatives).

5.  AUTOMATED COMPUTER PACHOMETER

Prior to lens use and at yearly intervals thereafter.

6.  ENDOTHELIAL PHOTOGRAPHY

Prior to lens use and at yearly intervals thereafter.

7. EITTING

Subjects will be fitted and icsued with lenses at a suitably staffed and equipped Service
Ophthalmic Department.

Subjects will be reviewed regularly ~ initially at least § monthly.

8.  PROBLEMS

If any subject has any ophthalmic problezs whilst wearing his contact lenses he is to resove his
lenses, return to wearing his CFS, and be seen at one of the above centres within 2§ hours.

REFERENCES

1. BRENNAN D H ARD GIRVIK J X *The Suitability of Soft Contact Lenses for Alrcrew!
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Paper 15. AGARD Conference Proceedings No 379
April 1985

TABLE 1

NOT SULTABLE. CEASED TO WEAR. SUBJECTS

SUMMARY
1.  Four Volunteers were not suitable tc be started on the Trial.
2. Those Yolunteers started on the Trial and who ceased wearing their Contact Lenses can be divided
into 2 Greoups. Those (a) who ceased wear for their own reasons and who did not keep their Review
appointzents and those (b} who had their lenses stopped by the Medical Officer for clinical reasons.
a. (1) Three could not attend their Review appointzents due to a busy Flying Progra=se.
{2) Twenty two ceased wearing their lenses because they found the cleaning regize tedious and
lenses uncomfortable. These subjects wore their lenses ranging from 1 =onth to 2 years (zean
5 months), 12 vearing 550, 10 wearing 575. Some of these Volunteers reached the IAM Phase and
then thought the Trial was over.
(3) 7Two subjects left the Service.
b. (1) One High Hyope. Unsuitable. Lenses stopped by M.O.
{2) One Left Corneal Abscess.
{3} Two Cases Corneal Vascularization.
(%) One Allergic G.P.C.
{5) One Poor Stereopsis.
{6} Cne Poor Handling.

ie. Seven for clinical reasons had to cease wear
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TYPE OF AIRCRAFT
SPITFIRE
HURRICAKE
CHIPMUNK
CHIPMUNK
CHIPMURK

DEVCN

DOMINIE

DOMINIZE

DOMINIE

DOMINIZE

DOMINIE

JET PROVOST
HUKTER
CAKDERTA
JET STRERM
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TIPE OF AIRCRAFT

HELICOPTER
HELICOPTER
HELICOPTER
HELICOPTER
HELICOPTER
HELICOPTER
HELICOPTER
HELICOPTER
HELICCOTER
HELICOPTER
HELICOPTER
HELICOPTER
HELICCPTER
HELICOPTER
HELICOPTER

HELICOPTER

HELICOPTERS

CHINOOK
WESSEX
SEA KING
PUMa

GAZELLE

LINY

{9 Types)

Chinook, Wessex, Gazelle
Hessex

Chinook, Sea King
Gazelle

Wessex, Sea King

Sea King

Gazelle

Gazelle

Gazelle, Lynx

Cninook

Puma, Wessex

Puma, Wesasex, Sea King, Gazelle
Cazells

Hessex

Hessex

HOURS
500
20

2700

8a0

8495 HOURS

8495 HOumsS

TABLE 3

AIRCREV ROLR

PILOT (TEST PILOT)

MO - AIR EXPERIENCE

P1i0T - S.A.R. ARMY SUPP.
PILOT - S.A.R. ARMY SUPP.
PILOT

PILOT - SUPP, TRIALS

KAV - TORPEDO TRIALS

PILOT COMMUNICATION - NATO CMD
PILOT COMMUNICATION - NATO CMD
PILOT - S.A.R. & SUPP.

NAV - sSypp.

CREWMAN

MO - AIR EXPERIENCE

PILOT - VIP coMx,

KAy

A.LM

16 SUBJECTS

16 SUBJECTS

M
!
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TYPE OF AIRCRAFT
vV.C. 10

v.C. 10

¥.C. 10

TRISTAR

TRISTAR

HERCULES
HERCULES
HERCULES
HERCULES

NIMROD

v.C. 10
TRISTAR

HERCULES

NIMRCD

HouRs
25
2850
10
1000
500

100

5275

5275 HOURS
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TABLE &

AIRCREW ROLE

AIR EXP - MC
M/ENG
PILOT
PILOT
PILOT
PILOT
PILOT
AIR EXP - MO
MALYM

Nav

10 SUBJECTS




TABLE 5

TYPE OF AIRCRAPT HOURS ATRCREW ROLE
HAHK 240 PILOT
! HARK 850 PILOT & MO
HAWK 30 PILOT
. HAWK 200 PILOT
HAWK 15 PILOT
BAWK 3800 PILOT
HAWK 100 AIR EXP ~ MO
HAWK 250 NAV
BUCCANEER 150 NAY
BUCCANEER 10 NAV
‘ ) LIGHTRING 100 nav
‘ LIGHTNING 100 PTLOT
LIGHTNING 500 PILOT
' PHANTOM 100 NAV
PHANTOM 200 PILOT
PHANTOM 500 PILOT
PHANTON 190 PILOT
JAGUAR 500 PILOT
JAGUAR 50 AIR EXP - MO
JAGUAR 20 KAV
JAGUAR 200 NAV
8105
HAWK
: BUCCANEER
LIGHTNING 8105 21 SUBJECTS

PHANTOM

JAGUAR

[P ——
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TIPE OF AXRCRAFT
HARRIER
HARRIER
HARRIER
HARRIER
TORNADO
TGRNADO
TORNADC
TORNADO

TORNADC

HARRIER

TORNADS

20.9

TABLE 6

HOURS ATIRCREW ROLE
200 AIR EXP - MO
20 nav
20 AIR EXP - MO
100 PILOT
1500 PILOT
800 NAV
500 HAV
200 NAV
5 NAV
3305
3345 HOURS 9 SUBJECTS
TABLE 7
CENTRIFUGE

352 Runs in Centrifuge

9 6-176

41 76 M.0.
Rest Less Than 6 G

1 Run on USAF SAM Centrifuge ¢ G

DECOMPRESSION CHAMBER
1. 50 HOURS at 25,000 feet
2.  EXPLOSIVE DECOMPRESSIONS M.0.

8K < 25k - 100
25K -» H5K - 2
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SUBJECT REFERENCE

7 LUN
9 S75
10 875
tt 875
12 575
13 LUN
8 S75
19 LUN
20 375
z1 575
23 375
27 575
30 S75
33 875
L LUN
L1 375
47 575
51 875
53 375
54 575
55 375
56 575
57 S5
58 875
59 875
60 375
62 575
63 575
64 875
66 575

M.0.

M.0.

Pi.0T

M.0.

NAV

R L
6/9 6/9
676 6/5
676 676
676 6/5
6712 6/9
7o Avoid Use of Rdrs
6/6 6/6
6/6 &/%
6/6 676
576 676
6712 6/6
€/6 with correction

6/6 676
676 676
&/6 676
678 6/6
6/6 6/6
6/12 6712

Te Avoid Use of Rdrs

6712 6712
To Avoid Use of Rdrs

576 6/9
&/9 6/6
676 £/6
676 6/6
676 675
676 676
/% 672k
iz N5
6/8 676
&/6 676
676 676
6576 6718
Ng NS
676 676
676 676

TABLE 8

#/T Daily Wear due Vasc.
W/T 1/52. Out 24 nrs.

W/T 1/52. Out 1 night,
W/T Daily. Dry Eye ‘asc.

W/T Daily. Dry Eyes. vasc.

W/T Daily. Dry Eyes. Vase.
WIT 1/52. Cut * magnt,
W/T /52, Qut 1 right.

W/T 2/52. Qut 48 nng,
Lenses Stopped - Vasc,

W/T 5 days. Out 48 nrs. vase.

W/T 1/52. Out 24 hrs.

H/T 1752, Qut 1 maght.
Lenses stopped 1959. Vasc.

-~

W

T 1/52. Out { night.

~

W

T 1/52. Gut 1 night.

wIT

-~

Daily. Vasc.

W/T 1/52. Qut 1 maght.

t

W/T Daily. Dry L eye.

~

W/T 2/52. Gut 48 hrs.

W/T 1/52. Qut 1 night.
Changea $o Da:ily Wear Mov 89. Vasc.

W/T 3/52. Out 1 night,
W/T 1/52. Cut 1 night.
W/T 2/52. Out 48 nrs.
W/T 6 days. Out 2« nrs.

W/T 1752, Cut § nignt.
{R DIST L NEAS CORRECTION)

W/T i/52. Out 1 nighs,
W/T & days. Out 2% nrs.
W/T 3 days. Qut 1 night.

W/T 1752, Out 24 brs.
{R DIST . NEAR CORRECTION)

W/T 3 days. Out 1 right.

¥/T Paily. Vasc.

o m— ——




Lew fn dp i

IEIRURI

6/6 WITH CLF & CFS

(%]

6/6 with CL & CFS

6/6 with CL & CFS

6/6 with CL & CFS

Ll T ——,
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TABLE 8 (Cont)
W/T 1/%2. Out 1 night.
{R APHAKIA)

W/T 1/52. Out 1 night.
(L APHAKIA. R CAT developing)

W/T 1/52. Out 1 night.
(L APHAKIA. R MYOPIC)

W/T 1/52. Out 1 night.
(R APHAKIA)

W/T 1/52. Out 1 night.
(R APHAKIA)

WIT 1/52. Out 24 hrs.

W/T Daily.

W/T Daily wear.
(R APHAKIA)

. — —— . i  powe
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TABLE 9

YOLUNTEER IN AXRCREW SOFT CONTACT LENS (ASCL) TRIAL

Rank Nazme DOB

1. I understand that I am a volunteer in the abcve trial, which is designed to ascertain the long tera

safety of such lenses for those aircrew who are normally required to wear correctec F& when fiyinrg.

2. I understand that complications can occi: when usiprg extended wear soft contact lense? and also
P

when they are used as daily wear lenses; for exazple, vascularization of the cornea or infections in

the cornea. For this reason I understand that I must attend my regular ophthalmic review appointzents.

3. I understand that I must carry one pair of clear corrected flying spectac 23 with me when I am
flying.
u

. I understand that I may nave to cease wearing =y contact lenses if so advised by the

ophthalmologist.

5. I understand that I may have to stop wearing my contact lenses after a 10 year period ¢ven though [

an symptom free.

6. I

understand that {f any complication occurs 1 cannot claim compensation froz

Defence.

witness ....

PRINT NAME AND RANK

Date ..iaiceaeeans

The Hitness must be an RAF Ophtraimic Surgeon

gt o
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SOFT CONTACT LENS WEAR & AVIATICN

by

Steen Tinning & Jannik Boberg-Ans

pDep. of Aviation Medicine 7522
Rigshospitalet
DK~2200 Copenhagen N, Denmark

SUMMERY :

Soft contact lenses has been proposed
as an alternetive to spectacles, when
refractive errors is corrected in high
performance fighter pilots.

In the pressented study the effect on
visual acuity was examined, when soft
contact lenses were used during altitude
simulated flying within a low pressure
chamber.

From the study it can be concluded, that
neither visual acuity nor visual comfort
are effected by the use of soft contact
lenses.

Based on the experience from one pilot,
soft contact lenses seems to be superior
to spectacles when refractive errors has
to be corrected in high performance
fighter pilots.

INTRODUCTION:

Good visual acuity is essential for pilots
and other ailrcrew members when performing
there duties.

The most common cause for reduced visual
acuity is refractive errors such as myopia
and astigmatism.

To obtain normal visual acuity the
refractive errors has to be corrected
either by glasses, by contact lenses or by
surgery.

All types of correction will cause some
problexs for the aviator.

Glasses will distort the image ~ put
stress on the bigocular functions and
interfere with use of helmet and headset.
During high performance flying glasses
tend to fog and they easily move out of
focus.

As an alternative to glasses, contact
lenses can_be used.

contact lenses do not possess the optical
problems seen when glasses are used.
Instead the contact lerses . may fold, move
from the cornea or they may be lost.
Further more the contact lens may induce
corneal hypoxia - leading to corneal
oedema and change of refraction (1).

The present study was conducted with the
purpose -to invetigate the possibility for
pilots to-wear the ‘new disposable type of
contact lenses during high performance
£flying.

The main study was designed as a simulated
high performance flying in a low pressure
chamber; comparable to similar studies
using other types of contact lenses (2,3).
As a supplementary study one fighter pilot
was fitted with soft contact lenses and
instructed to report his subjective

observations during standard tactical
fiight missions.

HMATERIAL:

7 males aged 20 to 37 years participated
in the study.

None of the subjects had a history of
previous eye diseases.

Uncorrected visual acuity was 6/4 to 6/6
in all e res, and the refraction ranged
between emmetropia and + 1.0 diopters.
Hone of the subjects were using spectacles
or contact lenses.

The contact lens used in the study was the
Acuvue disposable lens designed for
extended wear.

The lens is made from Etaficon A.

The water content is 58%. The base curve
of the lens is 8.8 ~ 8.9 with a diameter
of 14.0 oo,

This standard lens should £it most corneas
with central K's within the range of 7.3
to 8.3. (4).

All contact lenses used in the present
study had a spherical power of minus 0.5
dioptre.

METHOD:

For all test subjects the test was
performed twice, one time with ard one
time without simulated altitude in the
low pressure chamber.

Puring the 2} hours testperiode, the
simulated altitude was initially 8.000
feet for 30 min. Later the altitude was
increaced tov 24.000 feet followed by

i hour at 8.000 feet before the test was
finish. (See figure 1}.

Descent- and ascent rate were 5.000 to
8.000 ft./min.

Alzituds
15 Fee:t

262300
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Figure 1: Pressure profile for simulated high
performance flying in low pressure chamber.

Eyeexaminations indicated by A and B.
vizual acuity tests indicated oy 1 to 5.
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visual acuity ~ refraction - corneal
thickness and contrast sensitivity were
measured before and after the test
subjects were placed in the pressure
chamber.

puring the stay within the chamber,
visual acuity was tested and subjective
discomfort was reported every 30 min.

The position of the contact lens and lens
fitting was followed by slit-lamp
examination. Conjunctival or corneal
injection, increaced tear production or
signs of corneal oedema were reported as
well.

Lenses were only placed in the left eye of
the test subjects leaving the fellow eye
as a control.

RESULTS:

puring the test the test subjects were
asked to describe any visual or ocular
discomfort.

All subjects could feel the contact lens
and 6 subjects complained of a minor
sensation of dry eye in the eye fitted
with a contact lens.

All subjects indicated the sensations as
unimportent and without any implications
on there perfoming capability.

one of the lenses had to be replaced by a
new lens due to subjective discomfort
caused by a 1 oe radial defect at the edge
of the lens.

Visual acuity was measured using a Snellen
and a near vision chard, before and after
the test in the low pressure chamber.
puring the stay within the chamber, visual
acuity was followed by use of the VTA -
tester.

No significant differences in visual
acuity could be demonstrated between eyes
with and eyes without contact lenses,
neither at normal nor at low chamber
pressure.

Minor fluctuations in visual acuity was
observed in the majority of the eyes
whether or not the eye was fitted with a
contact lens. These changes in measured
visual acuity were all within the range

of 6/4 to 6/7.5, and between 20/15 and
20/25 on the VTA - system.

Refraction was measured subjectively and
by autorefraction, before and after
placing the contact lens in the left eye.
nfter correcting the results for the power
of the contact lens, the change in
refractive power of the eyes could be
followed.

In one eye the refractive variations
measured by the autorefractor was 9.75
dioptre, in 8 eyes 0.5 dioptre and in

19 eyes 0.25 dioptre.

These changes are within the limits of
confiders for autorefractioa.

No difference was found between eyes with
and eyes without a contact lens.

The corneal thickness was measured before
and after the test in the low pressure
chambér.

A minor tendency toward increasing cormeal
thickness on the eyes fitted with contact
lenses compared. to eyes without contact
lenses was.not significant.

The fitting of the leses was followed by
slit-lamp examination, before, during and
after the stay in the low pressure chamber.
One lens folded and was displaced to the
upper conjunctival fornix at the end of
the test period. In all other cases the
lenses stayed well centered at the cormea.

The development of conjunctival and
ciliary injection, increased secretion or
corneal oedema was followed during the
test period by slit-lamp examination.

In 9 of the 14 tests a minor perilimbal
injection was observed in eyes wearing a
contact lens, compared to an identical
observation in only 2 of the eyes without
a contact lens.

simuylated altitude did not affect the
limbal injection.

After removal of the contact lenses the
eyes were stained with Fluorecein and
Bengal rose.

In two subjects a minor Fluorecein
staining was observed at the lower part
of the cornea in both eyes as well after
the first as after the second test.
Following staining with Bengal rose, a
Bijsterveld score was calculated in all
eyes.

Bight of the eyes fitted with a contact
lens had a score of 2 or 3, compared to
only 1 eye with a similar score out of
the 14 eyes without a lens.

This 1ifference is significant.
Bijsterveld score was independent of the
altitude simulation.

One of our fighter pilots has been fitted
with Acuvue contact lenses.

During the latest years the pilot had
developed a myopia of 0.75 diopters in
both eyes and had to use correcting
glasses when performing his duties as a
fighter pilot.

The contact lenses were only used during
flying while the pilot othervise prefere
not to use correction or to use spectacles.

The pilot has so far reported his
experiences from more than 40 missicns
covering all aspects of tactical flying in
a high performance aircraft.

on 2 occations one of the contact lenses
were displaced to the upper conjunctival
fornix. Both mission were compleated with
only minor discomfort.

The reason for the displacement of the
lenges may have been that the lenses were
instalied inside out. Both occations
occured in the beginning of the test
periode, in wich the pilot was less
experienced in handling the lenses.

The pilot has concluded that the use of
contact lenses is much more convenient
than the use of spectacles during high
performance flying.

By the pilots opinion standard glasses are
nearly impossible to use during high
performance flying, mainly because of the
tendency to fog.
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DISCUSSION:

From the study it can be concluded, that
the use of soft Acuvue contact lenses does
not reduce visual acuity nor do they
induce refractive fluctuations when used
during altitude simulated high performance
flying.

Independent of the altitude simulation a
slight perilimbal injection followed by
staining with Bengal rose, and often a
vague forein body sensation can be
observed in 30 to 60% of the eyes, fitted
with Acuvue contact .enses.

Based on our present experience we intend
to recommend the use of soft contact
lenses as an alternative to glasses,
should myopia develope in a trained
fighter pilot.

Due to the time consumption and possible
problems when the lens is installed, it
is recommended that the lens are worn
constantly during periods on short time
alert.

Even though contact lenses can be used
during high performance f£1lying, we still
recommend that myopia disqualify an
applicant, when fighter pilots are
selected.
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EFFECT OF AIRCRAFT CABIN ALTITUDE AND HUMIDITY
ON OXYGEN TENSION UNDER SOFT AND HARD
GAS-PERMEABLE CONTACT LENSES

by

Melvin R. O’Neal, 0.D., Ph.D., Lt Col, USAF
Crew Systems Effectiveness Branch, Human Engineering Division
Armstrong Aerospace Medical Research Laboratory
AAMRL/HEF, Wright-Patterson AFB, Ohio
USA

SUMMARY

The primary source of oxygen to the cornea is from the ambient air. Contact lenses decrease
the oxygen getting to the corneal surface; and Lalow a critical oxygen level corneal hypoxia occurs
and the cornea swells. Repeated corneal edema may be implicated in the adverse effects of extended
contact lens wear. The military flying environment includes aircraft cabin pressure that is decreased
from normal sea level and cabin humidity that is usually much lower than normal. A calculational
approach was used to assess the effect of various cabin environments on oxygen levels under both
soft and hard gas-permeable (HGP) contact lenses. The oxygen tension under 55% and 71% H.0
soft lenses during normal wear and at 18% relative humidity and under HGP lenses of various
oxygen transmissibility was calculated for 8,000 ft and 16,000 ft cabin altitudes. Both altitude and
dehydration affect the oxygen under soft lenses, while hard lenses do not dehydrate and have the
benefit of added oxygen with tear exchange during blinking. The calculated oxygen tension under the
hard lens is 2-3 times that under soft lenses at all cabin altitudes. In normal soft lens extended wear
the cornea deswells the following day; however, during flight, the lower oxygen under soft lenses could
affect corneal recovery in aircrew. The cabin environment is shown to result in calculated oxygen
levels under contact lenses that are substantially reduced from normal, and needs consideration.

INTRODUCTION isobaric function maintains this pressure until
a preset pressure differential (psid) is r:ached
The primary source of oxygen to the corneais  between the ambient and cabin pressure. This
from the ambient air. Contact lenses decrease  psid is then maintained with continued ascent,
the amount of oxygen getting to the corneal  and the resulting cabin pressure can be written
surface; and below a critical oxygen level,  as: Ambient psi + psid = Cabin psi.
debated to be between 40-75 mmHg, corneal
hypoxia ¢vours and the cornea swells {Mandell The typical cabin pressurization schedule for
and Farrell, 1980; Holden et al.,, 1984). The  Fighter-Attack-Reconnaissance (FAR) aircraft
adverse military flying environment includes  is shown in Figure 1. For FAR aircraft the
aircraft cabin pressure that is decreased from  cabin may be unpressurized to about 8,000 ft
normal sea level and cabin humidity that is  altitude (10.9 psi), then cabin pressure is held
usually much lower than normal. This cabin  at this altitude until a pressure differential of
environment is shown to result in calculated 5.0 psid is reached at 23,000 ft (5.9 psi). This
oxygen levels under contact lenses that may be 5.0 psid is then maintained as aircraft altitude
substantially reduced from normal, and needs increases. Thus, at an altitude of 30,00C ft

consideration. 4.36 psi) the FAR cabin altitude is 12,000 ft
9.36 psi), and at 40,000 ft (2.72 psi) the FAR
Military Aircraft Cabin Pressurization cabin altitude is about 17,000 ft (7.64 psi). For

Tanker-Transport-Bomber (TTB) aircraft, the
At sea level, the ambient air pressure  cabin can be held near sea level until the preset
is about 760 mmHg (14.7 psi); however, pressure differcntial, usually 8.6 psid, is reached
the ambient pressure rapidly decreases as  at 23,000{t 214.7 - 8.6 = 5.9 psi). At an altitude
al'tude increases (Gillies, 1965). U.S. Air  of 30,000 ft (4.36 psi) the TTB cabin altitude is
Force aviation can be divided into two  about 3,500 ft {12.9 psi) and at 43,000 ft (2.36
basic aircraft cabin pressurization schedules  psi) the TTB cabin altitude is about 8,000 ft.
(Heimbach and Sheffield, 1985). Both are  Military aircraft routinely fly in the 30,000 -
isobaric-differential pressurization systems in 40,0000 ft altitude range, thus cabin altitudes
which cabin pressurization begins as the aircraft  will frequently be between 8,000 ft {565 mmHg
ascends through 5,000-8,000 ft and then the pressure) to 16,000 ft (412 mmHg pressure).
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Cabin Environment and Contact Lenses

Oxygen makes up about 215 of air at any
altitude, and thus oxygen pressure is also
reduced at higher altitudes. At sea level, the
partial pressure of oxygen (PO2) is 159 mmHg
(760 mmHg x .21), but is 118 mmHg PO, (565
mmHg x .21) at the 8,000 ft cabin altitude and
only 86 mmHg PO, (412 mmIg x .21) at the
15,800 £ cabin altitude {(see Figuwic 2j. Tue
amount of oxygen passing through a contact lens
is directly related to the PO,, or “driving force”
of oxygen, in the air {Fatt, 1978). At higher
altitudes the oxygen under a contact lens must
therefore be Jower. In addition, lower humidity
is knowa to result in partial dehydration of
soft lenses (Andrasko and Schoessler, 1980).
Since oxygen passes through the fluid phase of
a soft lens (Fatt, 1978), any water loss will
decrease the oxygen transmission of the lems.
Also, virtually no tear exchange occurs with
soft lenses (Polse, 1979), and the oxygen under
these lenses is due to diffusion through tke lens.
Conversely, hard gas-permezble {HGP) lczises
do not dehydrate and have the added benefit
of the “pumping” of oxygenated tears under the
lens during blinking (Fatt and Lin, 1976). This
tear exchange increases the level of oxygen under
HGP lenses by about 7-15 mmHg PO, above the
amount from diffusion (Efron and Carney, 1983;
Fatt and Liu, 1984).

A number of studics in altitude chambers
and aircraft have assessed the subjective, visual,
and corneal responses to contact lenses at
aviation altitudes and low humidity levels {Eng
et al, 1978, Eng et al., 1982; Brennan and
Girvin, 1985; Flynn et al, 1986; Dennis et al,
1988). In general, they report only minimal
corneal surface abnormality, variable subjective
irritation, and little or no effect on visual acuity.
However, there have apparently been no studies
to asses= the corneal swelling response in these
environments. Although marked corneal edema
would be necessary to affect the parameters
measured, moderate corneal swelling may still
be occurring. This may be important to the
military aviator since repeated corneal edema
has been implicated’in the cause of a number
of corneal complications, such as epithelial
microcysts, during contact lens extended wear
(Wei;sman and Mondino, 1983; Polse et al.,
1987).

“Acceptable” Corneal Swelling/
Minimum Oxygen Level

Published findings allows an attempt to
derive an “acceptable” oxygen level under
a contact lens. Holden and Mertz (1984)
suggested that a confact lens with an oxygen
transmissibility (Dk/L)} of about 35 x 106-°
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worn during sleep causes an allowable amount
of corneal swelling for most individuals to
return to normal corneal thickness the following
day. The results of Polse et al. (1987)
support that this Dk/L level reduces corneal
complications during extended wear. These
studies found approximately 8% corneal swelling
with this Dk/L; which is about twice the 4%
swelling that occurs normally each night during
sleep in individuals not wearing lenses (Mertz,
1980). Adopting such a 2x normal swelling
criterion would seem prudent. Repeated high
levels of overnight corneal swelling appear to
adversely affect not only the corneal epithelium
but also induce morphological changes in the
corneal endothelium (Schoessler, 1983). These
morphological changes may have an effect on
endothelial ability to maintain normal corneal
hydration (O’Neal and Polse, 1986), of which
the long term effects on corneai health have not
been determined. The minimum oxygen level
under a lens occurs during the critical closed
eye period of extended wear when the ambient
oxygen pressure from the palpebral conjunctiva
is decreased to only 55 mmHg PO, (Efron and
Carney, 1979). A contact leus with a Dk/L of 35
x10-9 has a calculated oxygen tension under the
lens during eye closure of about 25 mmHg PO,
- the proposed “acceptable” minimum oxygen
level.

Approach

A calculational approach is used to assess
the possibility of corneal hypoxia with contact
ienses during military flying operations. The
oxygen under both soft and HGP contact
lenses is calculated for sea level, two cabin
altitudes, and two levels of humidity. Given
the assumptions involved in the calculations,
the oxygen levels determined, although probably
close, may not be the actual values. However,
these calculated oxygen levels allow relative
comparisons between lenses under military
cabin environments and can also be compared
to the proposed “acceptable” oxygen level. The
calculations suggest corneal hypoxic conditions
could occur, particularly with soft lenses, that
may approach the hypoxia that occurs during
overnight wear. The resulting corneal edema
may be high in some cases; however, the actual
amount of corneal edema needs to be measured.
Regardless, the maximum corneal edema and
frequency to be allowed, remain debatable.
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OXYGEN TENSION UNDER LENS
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FIGURE 3.

TABLE 1.

EFFECT OF HUMIDITY ON
SOFT LENS OXYGEN TRANSMISSION

HUMIDITY LEVEL % H,0 L3ty ) | CALDk* | CALDw/j:

55% H,0 LENS

VIAL 55% 0390 {(1.00) 192 213

NORMAL 5106 085 (96) 162 189

. 18% 47% 085 (84) 138 163
71% H,0 LENS

VIAL 71% 210 {1.00} 370 176

NORMAL 66% 200 (95) 301 151

18% 58% JI83 (87) 217 119

DA IS FROM TABLE 4 OF FATT AND CHASTON (1382)
*  x WM {em2hockml Oyl x mmHg) D = 200 x 1071 exp{0.441 x % H0)
T x 109 (cmiseimi Oymi x menHg)
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transmissibility becomes substantial under low
The cquations and values of the empirical (18%) humidity, with the ambient Dk/I, 1ow
constants for calculating oxygen tension undera  much lower than the vial Dk/L by 23.5% and
gas-permeabie centact lens without the presence  32.4% for these lenses, respectively.
of tear pumping were given by Fatt and St
Helen (1971). The contact lens and cornea are  Effect of Humidity/Altitude on
considered to be tightly Joined and the oxygen  Oxygen Tension Under Soft Lenses
flux through the lens, jq, is taken to equal the
oxygen flux, j, int6 the cornea, From jy = The aircraft cabin environment includes both
Ik/L(P, ~ P) aud j, = api/2, seiting these  lower humidity and cabin pressure that is
~ 1al and remanging gives the useful equation: decrga_sed.from normal ses level, Aircraft cabin
s/L = aPY2/(P,~P), where Dk /Listhelens  humidity Is frequently between a very low 5% to
vaygen transmissibility, a the empirical constant ~ 10% relative humidity. Although data on lens
0.24 x 10~ m] O, Jem? x sec x (nmHg)!/2 p, changeg 15 not available for thes'e very low levels
the ambient oxygen tensidn at lens surface, and °€ humxgtty ’ thedlow It§%elf1}_mrt11d1ty ) data noted
ot above shows a dramatic effect on lens oxygen
P the oxygen tension at the corneal surface, g ;.z/zsmisaib%i ty (D}f‘ /L). Using the calogloss d
) The condition of kttle or no tear purpin L in Table 1, the calculated oxygen tension
applies to all soft contact lens wear (Polseg, under 5% and 71% Hy0 soft lenses in the
1979) and for hard lenses worn luring eye vxa],_ d..‘m.lg norma.? wear, aud at 18%, relative
closure (O'Nea! et al. 1984).  Using this humidity is shown in Table 2 for sea level, and
equation, the relationship between lens oxygen At 8,000 ft and 16,000 ft cabin altitudes,
transmissibility and calcrlated oxygen tension
under a contact Jens js shown in Figure 3 for At_ser .leve], voe calculated oxygen under the
soft lens open eye we. gt sea level and at  lenms is higher for the 55% vs 71% HpO lens
5,000 &t and 16,000 ft cabin altitudes. Al bY 11 mmilg PO, (23.4%) during normal wear,
shown, for comparison, is the low oxygentension ~ 28d is 17 mmHg P 0, (51.5%) higher in low
under the lens calculated for the critical closed 187 humidity. More significant for air crew, the
eye overaight period of extended wear, The calcul_a.ed POy is 52.4% and 66.7%, Iughe{ for
upper curve in Figure 3 shows the higher level  the 55% vs T1% H,0 lens at low 18% bumidity
of oxygen under hard versus soft lenses during ¢ the 8,000 ft and 16,000 ft cabin aritudes,

CALCULATION OF OXVGEN The ambient oxygen transmissibility (Dk/1) { : .
g TENSION UNDER CONTAC" LENSES during normal wear is lower than vial Dk/L by
E 11.8% and 14.2% for the 55% and 71% H,0 '
£ General Equation lenses, respectively. This decrease in oxygen
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) Tespectively. As a comparison, for the 16,000
open eye wear ft altitude and low humidity, aircraft c;;bin
Effect of Huraidity on Soft Lens the oxygen tension under th . 71% Hy0 lens
Oxygen Transmiseion approaches the very low oxyge. . level caleulated

for soft lenses during cve:aight closed eye wear.

i Since oxygen passes throug! the fluid phase
of a soft lens, the diffusicn (D) and solubility — Effect of Altitude on Oxygen Tension
(k) of ozygen in the le. is related to the Under HGP Lenses
amount of water in the Jeus {Fatt, 1976). Fatt

and Chaston (1982a) derived the rel.tionship During opcn eye wear of hard gas-permeable
between the oxygen permeability (Dk) and (HGP) contacy lenses, tear exchan_. with
percent water content (%H20) of a soft lens  blink; g increasus the level of oxygen under
at - temperature as, Df = 200 x 10~ the lens. Firon and Carney (1983), using

ezr ..0411 x %H,0). Lower humidity results  the Ecuiv.fent Oxygen Percentage (EOP)
in partial dehydration of sofe lenses; and polarogr phic sensor technique reported an
Fatt and Chaston {19824), using the data of average increase of about 2% O, (15 mmHg
Andraske and Schorssler (1980), have listed the PO3) vnder hard lenses with blinking. The
efiect of lower humidity on various soft leng time average oxygen tension under hard contact
yaranieters, mcluding percent water sontent aud  lences has been computed by Fatt and Liu
len3 thickuess. Using ds‘s in theip Table 4,  (198%). The upper cure in Figure 2, as adapted
the oxygen trans nissibility (Dk/L) of the soft  from their Figure 2, indicates approximately a
lezs in the vial, during normaal wear, and at & 7-12 mmHg PO, (1.1.5% 02) higher level of
low 18% relative humidity wae calculated and  oxygen under hard versus soft lenses durirg open
is listed in 'fable 1 f,» twr wuter content (55% eye wear. Also, their 2quations show that the
and 71% H30) soft lenses ba.ing .09 and .21 mm additional oxygen due to blinking is related to
average lens thickness, respectively. the ambient oxygen tension in the air,
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TABLE 2.

EFFECT OF HUMIDITY/ALTITUDE

ON OXYGEN TENSION UNDER SOFT LENS

CALCULATED O, TENSION (mmHg) AT:

% CAL
HUMIDITY LEVEL HoO | D/’ SEA
LEVEL 8,000 FT 16,000 FT
55% Ho0 LENS
VIAL 55% 21.2 62 42 25
NORMAL 51% 189 58 38 23
18% 47% 163 50 32 20
71% H,0 LENS
VIAL 7% 176 58 38 23
NORMAL 66% 15.1 47 30 18
18% 58% 1.9 33 21 12
+  x 10® (cm/sec)(m! Oy/m! x mmHg)
TABLE 3.
EFFECT OF ALTITUDE ON OXYGEN
TENSION UNDER HGP LENS

LENS CALCULATED OXYGEN TENSION (mmHg) AT:
Dk * SEA LEVEL 8,000 FT 16,000 FT

20 70 49 31

25 80 59 37

30 89 67 43

o3 97 74 48

40 105 80 52

PO, ADDED FOR TEAR EXCHANGE = 0,075 x AMBIENT PO,
* x 109 (cm/sec)m! Ox/mi x mmHg)
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To derive the additional level of oxygen under
har4 lenses at the lower ambient oxygen tensions
found in-the aircraft cockpit, the ambient PO3
was multiplied by 0.075 (7.5%). This factor
seems appropriate, since it is-equivalent to 1.5%
0, (11.5 mmHg) at sea level (i.e. 1.5% of 760
mmHg), which is in the middle of the range
between the calculated and EOP techniques
noted above. The additional oxygen under hard
lenses_due to blinking was thus taken to be 9.0
mmHg PO, (118 mmHg x 0.075) at 8,000 ft and
6.5 mmHg PO, (86 mmHg x 0.075) at 16,000 ft
cabin altitudes. The-calculated oxygen tension
under hard gas-permeable (HGP) lenses having
oxygen transmissibilities from 20 x 10~9 to 40 x
10~ (cm/sec)(ml Oz /ml x mmHg) i shown in
Table 3 for sea level, and at 8,000 it and 16,000
ft cabin altitudes.

The oxygen tension under a medium (30 x
10~° Dk/L) oxygen transmissibility HGP lens
is much higher than that for soft lenses (89 vs
58 mmHg PO,) even at sea level alone. For the
low 18% humidity condition, when the soft lens
partially dehydrates and the hard lens does not,
the calculated oxygen tension under the hard
lens is 2-3-times that under soft lenses at all
cabin altitudes. The oxygen tension under HGP
lenses appears to be enough to prevent most
corneal swelling, even for the low (20 x 10-°
Dk/L) ox sgen transmissibility HGP lens at the
16,000 ft cabin altitude.

DISCUSSION

The calculated oxvgen tension under 55%
H»0 content soft lenses is higher than that
for 71% H,0 lenses under all conditions, and
is particularly ‘noteworthy (up to twice the
oxygen) for the low humidity, high altitude
conditions found in the aircraft cockpit. For the
low -huraidity environment, the medium water
content lens was calculated to have the proposed
minimum oxygen level of 25 mmHg PO, at the
8,000 ft altitude but not at the 16,000 ft cabin
altitude; however, the high water content lens
woull not meet this minimum oxygen level at
either aliitude, Indeed, for the 16,008ft cabin
environment, the 71% H,0 lens is calculated
to have the very low oxygen level -that is
found during. closed eye overnight wear, These
calculatious suggest that high water content soft
lenses may not be the best ¢! ice, at least fom
an oxyger standpeint, for wear in the military
aircraft cavin environment. Lems dehydration
in low humidity also affects soft lens parameters
and fit, and may complicate the use of soft lenses
by aircrew. It should be stressed that the oxygen

Jevels presented are for a low 18% humidity, and

the aircraft-cabin frequently has a very low 5-
10% humidity that would.result in even lower
oxygen levels and greater corneal hypoxia.

The calculated oxygen-levels under soft lenses
further suggest that normal everyday extended
wear of soft contact lenses may not be a viable
choice for military aircrew. The low oxygen
level during overnight soft lens wear results in a
substantial amount of corneal swelling in most
individuals. In normal soft lens extended wear
the cornea deswells the following day, although
usually not completely (Holden and Mertz,
1984). However, during flight, the lower oxygen
under the lens could cause corneal swelling
and affect its recovery in both FAR. and TTB
aircrew. Thus, significant amounts of corneal
swelling could be present not only at night, but
during daytime flight as well, and would be even
more compounded for those aircrew flying many
hours in a day.

Corneal swelling may be related to a
number of the corneal complications seen during
extended wear, including epithelial microcysts
and the non-reversible changes in endothelial
morphology (i.e. polymegathism), and may
predispose the cornea to some of the other
complicationsseen in extended wear. The added
burden of corneal edema during the daytime
may result in a higher incidence of corneal
complications during extended wear in military
aircrew. Notwithstanding the oxygen question
during flight, it is intuitive that the probability
of complications increases as a function of
years of extended wear. If the military adopts
everyday extended wear for aitcrew, then it can
be expected that 2 ~umber of aircrew will be lost
due to complicailons from long term extended
wear; many of which will be lost just whea
the pilots become fully trained and reach their
peak. It would seem far wiser to maintain
the corneal health with daily wear (nighttime
removal) and switch to extended wear when
necessary (i.e. flexible wear). This would allow
the aircrew member to wear contact lenses over
a greater number of years and help preserve this
important resource.

Hard gas-permeable (HGP) contact lenses
are calculated to have much greater levels of
oxygen under the lens in the aircraft cabin
environment -than any soft lens. HGP lenses
would generally have much more oxygen under
tte lens than the acceptable-minimuin oxygen
level at both -cabin altitudes. This higher
oxygen ievel occurs because HGP lenses do not
dehydrate in low aumidity as soft lenses do; and
get additional oxygen under the lens from the
tear exchange that occurs with blinking, which
does not occus with soft lenses. Importantly,
HGP lenses can be masde with much higher
oxygen transmissibility and thus have much
greater levels of oxygen under the lens at
all times, particularly during overnight closed
eye wear. Corneal deswelling the following
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day-after overnight wear- is much more rapid
and much more-complete, returning-almost to
notmal, with HGP lens versus soft lens extended
wear - (see Figute 3 of O’Neal, 1958). This
rapid cornealrecover ‘may. be a critical factor
in the much-lower incidence .of some corneal
complications -daring extended wear (Polse et
al;; 1987).

The advantages of hard gas-permeable lenses
for use by-military-aircrew would seem obvious
from oxygen: alone. -Also, -vision. with -hard
lenses-is generally -better than with soft lenses,
even more so for those. with astigmatism.
Results of a centrifuge study indicates that
HGP lenses remain centered on tl. eye even
under high G-forces and do not anect vision
(Denris et al., 1989). However, concern has
been- voiced -about the possibility of foreign
bodiss under hard lenses and- discomfort under
dry conditions: Foreign bodies may-not be
the problem some imagine -since anecdotal
comments from a number.of NASA astronauts
indicate no problems during-T-38 training flights
and-.even: during.microgravity. when there are
many-pa:ticles floating in the shuttle. Irritation
with dry-eye:dufing low humidity may be a
problem for somé individuals, but-this will also
be-the.case when soft lens dehydration causes a
tighter fitting and less comfortable lens.

The U.S. Navy has for years allowed non.
pilots to wear. contact lenses, and many of
these réar-seat aircrew-must by now be wearing
hard gas-permeable lenses. If there had been
significant problems with this lens type then
comments would:be known- about; however, no
such statements have been dociunented. Some
individuals need soft-lenses and-some need HGP
lenses to obtain the best vision and fit, and
successful contact :lens fitting will not occur
without the -use of both lens types. The
USATF -and European air-forces should continue
research into the use of HGP lenses in the FAR
environment, as the potential advantages appear
to be many.

In summary: (1) high water content soft
lenses, at least from an oxygen standpomt, may
not-be the best-choice for use in the cockpit
environment, (2) long-term extended wear will
most likely- lead to -a loss of aircrew due tn
increased corneal compromise over length of
wea~, and is .advised against, (3) flexible wear
in which daily wear-is used to preserve corneal
health over many ;years of wear and extended
wear When necessary is recommended, (4) hard
gas-permeable lenses (HGP) have akeady been
used.. successfully in -fighter- aircraft .and--would
improve vision and corneal oxygen supply, and
(5) flight studies of HGP lens wear in TTB and
FAR aircraft.are-needed.
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INTRA-OCULAR LENSES AND MILITARY FLYING QUALIFICATIONS
by

E-J.Daumann and H.Brand!
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D-8080 Fiirstenfeldbruck
Germany

The development of IOL to the present day routine implantations was a path accompanied by
euphor:ia, dramatic disappointments, rivalry, scathing criticism and hope (i, 2, 3). To
understand this development 1n all 1ts ramifications may 1 first present the definition
tor cataracts and a historical review of surgery methods.

The human lens which has become opaque and has thus lost 1ts optical qualities 1s
generally termed cataract.

A cataract can be defined according to i1ts place of manifestation, 1.e. subcapsular,
cartical or nuclear cataract or according to its cause: e.g. congenital. metabolically or
infect-induced. to name but a few.

The semiie cataract may be found after the age of &0 with great variatiuns. depending on
way of life and place of residence.

Dr j-induced cataract formation i1s for instance observed after an administration of
st. “oids.

The lens reacts v~ry sensitively to i1onizZing ragiation (beta. gamna. X-rays during
therapeutical measures) as well as (0 excessive radiation exposure after UW- and i1nirared

light.

A traumatically i1ncduced opacity of the lens may occur at any age.

Treatment with drugs even nowadays 1s the subject of controversal discussior - the best
option 1s still the surgical cataract extraction.

At the beginning of this century the intracapsular cataract extract:ion. was the method of
choice his meant compiete removal of the lens.

With the advancements of the :instrurments, avarlibility of surgical microscopes, and
implantation of ocular lenses extracapsular extraction vecame popular during the last
decade. In th:is surgical techmigue the posterior crystalline capsule remains intact.

The first evidence 1n wraiting about lens irmplantat:on i1s provigeg bv Casanova, an Italian
adventurer. 1n whose memoirs as:ide from amorous affairs we find references to an Italiar
ophthalmologist by the nane of Tardini. who 15 sa2id w0 have implanted an artificial lens
i 1745. Through Casanova the Dresden Court Surgeon Kassamatta learnt about this ides cof
izns amplantation. There :s evidence that he oractised same in 1795, but 1t failed. The
impianted glass lens submerged into the vitreous.

Ther this tethod fell into obiivion for more than 150 vears. Only i1n 1949 was the idea
revived when a student of redicine asked Harald Ridley at the St. Thomas Heosp:ital why he
didn’*t replace the old opague lens with an new one.

Ridley, an ophthalmologist in the Roys! Air Force. sumped at the i1dea (3. 4. he
benefitied from the extensive experience he had :n the treatment of shell wounds :in
British war prlots. He had noticed that plex: giess splinters from the cockpit canopies
which had freguently penetrated into the eye did not cause anv foreign obiect
inflammation. Morgover this material PMMAY was easily brougr into shape.

As & si1te of implantation Ridley selected the soot of the original lens since this would
most lilely offer the best preconditions. On Novemper 29, 194° he i1mplanted the first
postchamber lens following extracapsular cataract extraction — a moneer’s geed! News of
this type Of surge-y was reatily propagated and euphoriocusly accepted by the curgesons.
For 1% geermec finally to be possible to replace the opt:cally acverse cataract lenses anc
balance the problematical un:ilateral aphacia.

In the fifties Ridley implantec more than 750 IOL's. Binkhorst and Epstein :n Scuath
Africa wpre recognized I0L-implanters. After shori—term positive results prodlsms were
encountered. Here are a feuw:

Fo reduce these complications. avoidante of Zecentraticns. the “renchman Baron (5 1n
1952 also started to .mpiant lenses 1a the arter:cr chamber.

The hope, hoaever, t5 reduce the rete of complications, o1 not materialize.

Zndothel -cecompensation, bulious Keratneopathies (6, 7). uveitis, hypnhema. Qlaucoma (8)
and cysto:d macuiar edema (9 were problems which made I0L-implantation apoear as ©oo -
risky! In part more than 70 % of the IOL s had to be explanted folluwing complications
which could not be controlled. A discouraging result!
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Many turned their back on IOL-i1mplantations, for schme 1t was even detrimental to their
reputation to continue impianting lenses. But there were pironeers who were fascinated by
this 1dea and who considered 1t a chalienge to master these complications.

The Dutchman Einkhorst anchored mis lenses to the ir:s.

Starting in 1975 the IOL were again implanted at the csite surely most favorable from an
anatomical point of view. Once more :t was C. Binkhorst (10) who tcok up cataract
extraction preferred by Ridley and who recognized the advantages as far as compl:ications
are concerned.

Lens design and material were considerably improved, the surfaces polished, stgrxl;:atxcn
and instruments optimized. But how must the gqual:ification for military fiying duty with
I0L be assessed?

Rased oOn posrtive surgical success this question has found early positive answers in the
German Luftwaffe. The German Mir Force Institute of Aerospace Medicine meanwhile has &
pilots respectively aircrew which continue respactively continuuvd flight outy with an
intra-ogsular lens after surgery.

In 1986 and 1937 osuslicat:ons reported on intra-ocular lenses in 8 US Aray pi1.0te and 8
piiots of the US Air Force including discussions on advantages and disadvantages 16
comparison with contact jenses.

We like to present our erperiences with 0L wearers.

In 1957 already a Wi I priot had been provided with an anterior chamber lens by Frof.
Schreck., Erlangen. After a shell 1naury 1n 1941 and a cataract surgery i1n 1942 he was
fitted a contact lens and flew as 1nstructor pr1ot until the end of the war. During this
peri1od h- 1ad accunuiateg S010 flight nours.

Siter 3 months he was ~ernstated into flight duty with a waiver. The eye coerared on had
a visual scurty of 1.0 with slight corrections.

For 13 years ne flew another J211 nours without any problems on all propellier aircraft of
the Eundeswehr. In 1945 he suffered an ablatic ret:inae after contusion oFf the aphakic eve
with visuval loss on hang motions. After a Cerclage-surgery with lying anterior chamber
lens he had regained & visual acuity of 1.0 after 4 months and flew another 500 flight
hours wnt:l his discharge upon rcaching his age limzt,

These experiences were no grounds to hesitate 1ssuing waivers for aphakic fiight
perscnne: 1f the visval reauirements were met, even though the avthor at the
ophthalmologigal clinic of the Universitv of Munich has met a man after an sccident who
stood in front of hir as acmitting physician with the VK-lens 1n h:is hand which hag been
preselles from his oserated eve.

In the meantime, however, lens mater:al and espec:ally the surgical technigues have
1mproved to & degree as to preclude such cases nowadavs.

The cecond pilot, a f:ghter pilot on an F-4F, was fitted with an Iras zlip lens after &
traumatic cataract and fiew wiith a visual acuity of (.25 seven months after the surgery
on & aet until his discharge, totalling 10446 flight hours. Even an ejection after a midg-
air ceollision incurrec ithrough no fault of his did not result 1n any disiocation of the
lens.

The remaining 4 lenc wearars ot the flight personnel were fitted with costeridr chamber
lenses after ECCE. They all have full visicn of at least i.9. The average age of IGL-
wearing subjects at time of surgery was 42 years., Whereas the genetically incuced
cataracts were operated on at an average agz of 48, the traumatically-incurred ones uerea
10 years younger.

Disqualificrtreon for miitary flying duty after surgery lasted betwoen 2 and 5 months.
The average rlight time bpefore surgery was 3256 hours. afterwards between 3T and 3211, a
mean of 257 hours.

Causes for cataracis:

3/&6 Flying personnel %
2/6 flying personnel g
1/6 cataracta compl:ca

raumat. cataract
net. cataract. 1/6 bilateral

"o

Cataract Surgery Tschnigues

$/6 fiying ocersonnel EC
1/& fiying persornel I

The following conplications were found:

- one ablatis retinae aftier contusion with narrgwing of

visual field and vitrecvs opacities
- displacement of pup: i
staliine capsule and
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tomporarily more pronounced astigma.ism

one postoperative pressure increase, passing
corneal scars

slight decentration of IOL

development of capsule membrane

1ris—-sphinkter defects, pupillary margin defect,
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In assessing whether flight c~ew should be granted waivers after cataract surqQery with
intra~ocular lens the suryary as such cannot meet the reguirement.
evaluated separately.

The following criteria must be met:

1.
2.

The visual acuity must be 1.0

There must not be any measurable disturbances through
glare

Tne intra-pocular eye pressure must be normal

There must not be any inflammatory processes

TABLE

Suspary of individus]l aviator datas

Subject 4 2 X L]

lyicg status Prop P. Fighter P, Fighter P. Helfcopter P.
Age st surgery 42 yrs. 35 yrs. 37 yrs. 46 acd 47 yrs.
Year of surgery 1957 1979 1982 1986 andg 1987
Couss of cataract trauas trauza trauss genetic
Typs of surgery ICCE BCCE ECCE o
Type of 10L veL icL EL HOL
Style of IOL Schreck - Kratz 16 Morcher
Vigusl acuity before
surgery K o.4 pp 0.05 O.4 and 0.4
Visual scuity sfter
surgery 1.8 1.25 1.6 1.25 and 1.0
Corrective mragures * 1.0/100° + 0,5-2.5/ - 0.5/10¢° + 1,75

153° + 1.75
Return to flight status 2 mocths 7 months 8 zontkhs 6 + 3 sonths
Flight tize before surgery 5010 hrs. 3020 hrs. 2565 bre. 2350 nrs.
Flight tize sfter surgery 3211 hrs. 108 bre. 638 Are. 550 brs.

saghtsr P.
39 yrs.

1589
cet.oomplic.
®eE

HOL
rharsacia
¥odel 720
S.h p

1.0

17 sonths
1835 hrs.

315 nrs.

AfC Techs. Jet/Trez
50 yrs.

1589

genstic

>

ECL

Interaedican

uv 51

0.32

1.6
- 0.25-2.75/165°

2 sonths

4855 nrs.

33  tbrs.

Every case must be
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in USAF Aviators
by
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Ophthalmology Branch
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Brooks AFB (AFSC), TX

Abstract

More than one million cataract surger-
ies, most with implantation of intraocular
lenses, are performed in the United States
each year. We report the early data on the
United States Alr Force's prospective study
on the use of these gurgical techniques in
its military flyers. From 1979 to 1990, 23
military aviators were evaluated by the
United States Air Force School of Aerospace
Medicine (USAFSAH) after cataract extrac-
tion with 1ntraocu1ar lens implantation.
Their USAFSAM .evaluation records were
reviewed. ra follow-up (>3 years)
was available-on only 3 subjects. All 23
subjects were- .male Caucasians, with a mean
. .Ninety-one _percent of the
ilofs, and, of these, 8 were
qualified in high-performance aircraft.
There were a total of 28 eyes, 86% (24) of
which had received extracapsular cataract
extractions {ECCE) with posterior chamber
lenses. Best-corrected, postoperative
vision was 25/28 or better in 1008% of the
eyes. Posterior capsule opacification
occurred in 68% of the ECCE eyes, with one-
third of those requiring Nd:YAG laser
capsulotomies. Only one aviator was dis-
qualified from flying duties for ocular
reasons, a visually-qualified-to-fly rate
of 96%. Eight aviators have actually flown
since surgery. Although follow-up was
short, the initial results are very encour-
aging.

Introduction

More-than one million cataract surger-—
ies are performed each vear in the United
States {U:S:) on individuals whose vision
is suffzcien:ly reduced to interfere with
job performance c* aaily activitiés. More
than 96%-0f:-these-surgeries involve the
1mplaﬁ§atlcn ofap--intraccular lens
{(I0L).~ Cataract extractions, although
common, are not glfhcui surgical and
visual complications. 72

Cataracts and cataract surgeries pose
a particular problem for military aviators

78235

from £flying duties. From 1959 to 1984, 35
Air rorce (AF) aviators had cataract sur-
gery without an intraocular lens. Their
vision was corrected by a hard or soft
contact lens, and they were evaluated at
the United States Air Force School of Aero-
space Medicine (USAFSAM). Most of the
aviators had received intracapsular cata-
vact extractions. Of the 35 aviators, 25
received waivers allowing them to remain
qualified to fly. Fifteen {68%) of these
35 aviators were pilots, of whom 2 were
bilaterally aphakic. Only 2 of the ten
aviators initially grounded were disguali~-
fied for ocular reasons, i.e., poor acuity.

The first aviator with an intraocular
lens was evaluated at USAFSAM in 1972. 13
study group was formed, for the USAF Sur-
geon General, to prospectively study the
aeromedical implications of this surgical
technique. Since 1979, USAFSAM has evalu-
ated 23 aviators who have had clinically-
indicated cataract surgery with an intraoc-
ular lens. This initial report summarizes
our findings and current aercmeuical recom-
mendations.

The Ophthalmology Branch at USAFSAM is
particularly concerned about the impact of
cataract surgery and intraccular lens
implantation in this group of generally
young adult males. 1In addition, the finan-
cial impact to the American public when a
pilot is removed from flyving dGuties ie
enormous. It currently costs up to $8
million and takes 4 to 5 years to train a
fully combat-ready pilot.

Methods apd Materials
Patient Selection

The Ophthalmology Branch at USAFSAM
serves a consultant function to the USAF
Surgeon General's Reromedical Consultation
Service for aviators who have been grounded
for a d¥sgualifying ocular condition or

disease.

“United- States Air Force aviators

who may £ly high-performance fighter,
attack, or reconnaissance aircraft,

often

operate under night,

low=~level, or hostile

(flyers} .are those personnel required t
maintain stringent flying class II or I1II
visual standards (i.e., pilots, navigators,

weather conditions, frequently €ly into
unfamiliar terrain and airports, and may
have tc do all of this with special sensors
such as night vision goggles. They are
zlso rcut;ne;y exposed to other esnvironmen-
tal stressors, such as decreased partial
pressure of oxygen, {ecreased humidity, and

and other aircrew members).

Thelr visual

acuity and various visual functions are
checked annually by local fiight surgecns.
Paticnts are genearally referred from their
local flight surgeon to USAFSAM following
diagnosis, treatment, and resolution or
stabilization of any significant ocular

increased -sunlight.
have 28/28 or Bett

They are required to
er, best-corrected vision

in each eye in order to continue on flying

status.

problens.

Once diagnosed s having had a

cataract extraction with

an intraocular

lens, aviators were evaluated annually or

every 2 years at USAFSAM.

The records of

Before 1959, all aviators having
cataract surgery were permanently removed

all 23 aviators with intraccular lenses,
who were seen at USAPSAM between 1979 and
1999, were reviewed. Additional data was

T
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obtained from the USAF Military Perscnnel
center {flying hours) and the USAF Safety
center (accidents/incidents).

Patient Evaluation

At each evaluation, a detailed history
was obtained, focusing on the following
poinzs: age; sex: race; ocular trauma;
family history; diagnoses; complications;
eye(s) involved; dates of surgery(ies):
type(s) of procedure(s) and lens{es);
ocular symptoms before and after surgery;
aercmedical disposition(s).

A1) sviators received a full, dilated
ophthalmologic examination and special
testing for each eye (0.U.) that focused
on, but was not limited to, the following:
visual acuities; refraction; pupillary
reactions; external examination: stereopsis
using the Vision Test Apparatus VTA~DP (25
arc seconds passes), the Verhoeff device
(33 arc seconds passes), or the Howarde
Dolman device (1) arc seconds passes):
color vision using Pseudoiacchromatic
Plates (1€ or more correct of 14 passes) or
the FALANT Apparatus {(all 8 correct
passes); accommodation; intraocular pres~
sure measurement; slit larp examination;
dilated retinal examination; kersatometry.
Recently, the aviators have also been
tested for contrast sensitivity, glare
effects, and mesopic vision (Rodenstock
Nyktometer}.

Diagnostic Criteria

Only aviators who bad undergone cata-
ract extraction with implantation of an
intra-ocular lens were entered into this
study group-

Results
Patients

All 23 aviators were male Caucasians
on active duty in the USAF, AF Reserve, Ailr
National Guard, or U.S. Army. Their ages,
at initial zvaXuatioh, ranged from 25 to 53
years, with a mean cf 43 years. This data
is demor.s.satad in Pigure 1. Twenty-one
subjects {91%) were pilots, one was a
flight surgeon. and one was a pararescue
technician.

1% .

HO. OF AVIATORS
-
A

7Y NI AW 43 ww | e
AGE AT SURGERY

pigure 1. Distribution of aviators, by
age, at the fime of cataract/IOL surgery.
Mean age was 43 years.

The average number of flying hours, at
the time of surgery, was 4,632 for the
pilots, 16 for the flight surgeon, and 823

for the pararescue jumper. Of the 2)
pilots, 8 (38%) were qualified to fly
fighter, attack, or reconnaissance {FAR)
aircraft, and 13 (62%8) were qualified in
tanker, transport, bomber (TTB) or rotary-
winged aircraft.

Follow-up Evaluation

The 23 flyers were evaluated on an
annual or biennial basis, for as long as
they remained in the Air Force. The long~
est follow-up was 6 1/2 years, -but 44% of
the aviators have had only one USAFSAM
evalua+rion (Fig. 2). The mean follow-up
was 18 months, with a range of from zero to
77 months. The USAFSAM has evaluated
between 1 and 5 new IOL cases per year
since 1983 (Fig. 3).

4 of Mote Evals
17% (4)

1 Eval

44%
3Evals (10)
1% (4)

2Evals
2%

Pigure 2. USAFSAM Cataract/IOL Study
Group follow-up was 6 1/2 years.

WAL EVALS

7 M0 P 82 £ M 8 M8 UV B 0 W
CALENDAR YEAR

Figqure 3. Initial USAFSAM evaluationg,
per year, of flyers status-post
cataract/IOL surgery.

Etislogy

Six aviators {26%) gave & history of
prior blunt trauma io the involved eye.
One additional aviator had Fuch's hetero~-
chromic iridocyclitis in the involved eye.
Another flyer had prior pterygium surgery
and postoperative beta-radiation to the in~
volved eye, plus a family history of both
parents having cataracts. One flyer gave a
family history of cataracts in a first
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degree relative. Two flyers had a history
of both-blunt trauma and a family member
with cataracts. Thus, 48% (11/23) had a
possible specific etiology for the develop-
ment of cataracts.

Number and Types of Surgeries

The leff eyve, alone, was involved in
12 (52%) of the flyers, the right eye in 6
(26%), and both eyes in 5 {22%) (Fig. 4).
Thus, a total f 28 eyes underwent cata-
ract/IOL surgery.

W OLEFT:12052%
B RCHT: 6= 26%
O 80MH: 52 22%

LEFT
STX (1)

BOTH
=%

FPigure 4. Eye(s) undergoing cataract/IOL
surgery. The total number of aviators was
23.

The types of cataract surgeries per-
formed is shown in Table 1. All of the
eyes, with the exception of 3, had extra-
capsular cataract extractions (ECCE)}. Only
one of the ECCE eyes had an anterior cham=-
ber impiant (AC-IOL): the other 24 ECCE
eyes had posterior chamber iIOLs (PC-IOL).
Thus, 86% of the eyes had ECCE/PC-IOL
surgery. All of the IOLs were made of
polyzethyl methacrylate (PMMA).

Table 1. Types of cataract/IOL surgeries
performed on USAF flyers (28 eyes).
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Visual Performance

Visual performance, based on the last
USAFSAM evalvation for each aviator, was
outstanding. 2Al)- of the-eyes attained at
least 28/28 best-corrected viscal acuity
for distance, and 23 eyes (82%) attained
20/15 best visual acuity. Twenty-two (96%)
of the flyers:passed a.stereopsis test, 20
by Vision-Test Apparatus-Depth Perception
(VTA-DP)- and 2 by the Verhoeff device. One
subject failed all 3:of the stereopsis
tests and was diagnosed-as having a long-
standing microtropia. All eyes passed the
Pseuvdoisochromatic Plates color vision
test.

[
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Refractive Error

The residual, postoperative refractive
errors, for the 28 eyes, were within the
usual values seen. The mean, absolute
spherical error was 0.83 diopters, with a
range of from zero t~ 2.00 diopters.
Eighteen eyes were nyopic, 9 hyperopic, and
1 emmetropic.

The mean, absolute astigmatic error
waz 1.06 diopters, with a range of from
zere to 3.75 diooters.

The mean bifocal add was +2.85 Qiopt-
ers, with a range of from +1.25 to +2.75
dicpters.

Complicati.onsg

Surgical and postoperative complica~
tions were relatively common. Most compli~
cations were minor, and all, except one, of
the flyers had excellent cutcomes. The
type and freguency ol these complicatizns
are sumparized in Table 2. Some eyec had
more than one complication.

Table 2. Complications experienced by
USAF aviators who underwent cataract/IOL
surgery. The last four complications all
occurred in one flyer.
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Intracoperative complications occurred
in 3 eves, consisting of ruptured posterior
capsules in 2 eyes and an iris hemorrhage
in 1 eye. The first 2 eyes underwent
immediate anterior vitrectomies. The last
eye regquired a posterior vitrectomy. Only
1 of these 3 eyes required an anterior
chanber I0L.

Postoperctively, the most common
complications were the foliowing: opaci-
fied posterior capsules in 15 of the ECCE
eyes {68%3), of which 5 required NAa:YAG
capsulotomies; nild to moderately decen-—
tered inrraccular lenses in 7 eyes {no
effect on visual acuity.: mildly prolonged
uveitis { > 4 weeks) in 3 eyes; elevated
intraocular pressure in 2 eyes; epiretinal
membrane in 1 eye.

Two eyes required second surgeries.
One aviator had a slipped AC-IOL that
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o v

- —— - -

[

W

25-4

required repositioning. One flyer, men-
tioned earlier under intraoperative compli-
cationg, suffered an iris hemorrhage that
required. a posterior vitrectomy: he had
persistent elevated intraocular pressure
{glaucoma) and persistent uveitis, both
requiring medications. He is the only
flyer whose uveitis and/or elevated pres-
sure required lengthy treatment.

A round retinal hole, with surrounding
sub-retinal fluid, was discovered postoper-
atively in one of the aviators. This
complication was treated with laser photo-
coagulation.

Thus, 5 aviators (5 eyes) had abso~
lutely no complications.

Aeromedical Disposition

Of the 23 aviators, 19 (83%) were
initially given waivers by the USAF Surgeon
General for flying duties. Two aviatorss,
who were visuzally qualified, were disqual-
ified for cardiovascular disease.

Only 2 flyers were initially disquali-
fied from flying due to ophthalmic disease.
The flyer with the retinal hole described
earlier, was “grounded” for 1 year and,
then, returned to flying status. The other
£iyer was the individual who suffered the
iris hemorrhage and required a posterior
vitrectomy. -He had persistent elevated
intraocular pressure {average 39 pretreat-
ment), chronic uveitis, 2 non-dilating
pupil, an epiretinal membrane, and an
internal wound gape.

Thus, the overall visuval waiver rate
was 96% (22/23).

Hany of the older aviators were rn t
actively flying. Eight flyers have been
documented as returning to the cockpit.
The type: of aircraft they have flown and
the flying hours they have accunulated,
since surgery, are listed in Table 3. One
fiyer flew a FAR-type aircraft.

Discussion

Our study is the first to report on
the use of intraocular lenses in USAF
aviators who have undergone cataract sur—
gery. Twenty=-two of the 23 aviators, of
whom 91% were pilots, were waived for
£flying status after careful aeromedical
ophthalmologic evalua%ion at USAPSaM. The
granting .of waivers for intraccular lenses
represents a-major change in USAF policy, a
great personal. benefit for the individual
flyer, and a savings for the taxnayers.
However, even though the preope.utive
experience level was high (4632 average
flying hours), only 8 aviators -actually
£lew after surgery. -

Tuese USAF aviato™s are a relatively
young subset of the genéral population
undergoing. cataract surgery. They also had
been selected for normal eyes with excel-
lent vision.-and no systemic dizeases. It
is, therefore, not surprising that thei:
postoperative, -best-corrected visual acui-
ties were unifornly excellent (1883, 20/28
or better}.

Table 3. Flying hours performed since
cataract/IOL surgery by USAF aviators
{N=8).

Hougs TYER ABCRAFT

FLYER 1 0 SMALL PROPS
FLYER2 100 C1%

FLYERJ 3% F16

FLYER 4 108 HELICOPTER
FLYERS 200 C13e

FLYERS 200 EC-135
FLYER7 500 Cc5a

FLYERS 00 C-54

The types of surgeries and the
intraocular lenses used paralleled
technologic developments in ophthalmologic
surgery. Extracapsular cataract extraction
with posterior chamber IOL implantation was
perforned in 86% of our flyers; and this
rate is comparable to that seen in the
general population. Furthermore, the
residual refractive errors are within the
range usgslly fyund after this type of
surgery.

It was interesting that the left eye
was the one most commonly invelved. The
reason for this, as well for the high
incidence of prior trauma, is unclear.

All of the flyers received PMMA
lenses. The literature supports the ugse of
PMMA rather than silicone foldable im—
pionts, because of the higher rate of
coaplications seen with silicone lenses.
The latter lenses have a higher posterior
capsule opacification rate (65.9% versus
28.6% for PMMA), complicate Yttrium-Alumi-
num-Garnet (YAG) laser capsulotomies, and
have higher incidences of lens subluxation,
corneal egemgi and elevated intraocular
pressure.”’

Multifocal IOL's cannot be recommended
because of the small loss in best-corrected
visual acvity and the large losses in
contrast sensitivity and brighcness.
Additionally, it is still unclear what
effect pupil size, lens tilt, and decentra~
tion will have on multifocal IOL perform~
ance. These lenses will not eliminate the
need for spectacles to obtain best visual
acuity; on1¥2the bifocal segment can be
eliminated.

Tomplications, although commor, were
generally minor and transient. The rate of
posterior capsule opacification and YAG
laser capsulotomy was moderately higher
than is seen in tce non-aviator population.
This rate mabee gezated to the flyers‘
younger ages.>’ i Also, an aviator with
capsule opacification pay be more likely to
receive a capsulotomy to obtain 28/28
vision. None of our flyers developed a
retinal detachment post capsulotomy. One
pilot did complain of visual symptuzms due
t~ a capsulotomy that was too small. He
noticed-a blurred halo of light arornd
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lights, when his pupils dilated in the
dark. Because this effect was monocular,
he reported tkat he was able to ignore this
distraction.

Minimally decentered IOL's occurred
with moderate frequency (25%) but caused no
reported edge-glare problems. Only 1 pilot
complained:of glare problems, and his IG&.
was well-centered. Xoch and colleagues, 4
using the Miller-Radler Glare Tester and
the Baylor Visual Functiona Tester, found
that posterior capsule opacification,
decentration of the IOL, and increased
pupillary size (more often present in
younger individuals) are the principal
factors associated with reduced visual
perfcrmance due to glare. They also found
that, if-properly positioned, thf IOL type
was not a factor. A case report 5 of a
S8-year-old airline pilot with glare,
monocular diplopia, and halos at night
revealed that all of the visual symptozs
were due to the 4 positioning holes and 2
staking holes in the optic of the IOL.
when the IOL was exchanged for a lens with
no positioning holes, the pilot attained
28/15 vision, with none-of his previocus
sysptoms, and was able to resume flying.

The rates of surgically ruptured
posterior capsules, =ransiently elevated
intraocular pressure, and infla-..—s-ationlgere
within the acceptable standards.?s ¢
The rates of persistent uveitis, chronic
glaucoma, vitreous hemorrhage, and epireti-
nal membrane seem high, but all occurred in
a single flyer. Aan anterior chaxzber IOL
did require repositicning, 2 pct unco=mon
cozplication with these IOLs. The retinal
hole, noted in 1 aviator postoperatively,
z=ay ©or may not have been related to the
surgery. It received surrounding laser
photocoagaslation, and the flyer was re-
turned to flying duties after 1 year's
observation.

Several special aercomedical considera-
tions pertain to aviators with IOLs. The
first concerns etiology. Are aviators at
=ore risk of developing cataracts? Al-
though theoretically proposed, clinical
epidemiological data to support lens damege
caused by awxbient sunlight is weak. The
hest study to date was a recenfcree:tospec-
tive one on Maryland watersen. It showed
that only cortical changes in the lens

rrelated with lengthy sunlight exposure.
Additionally, it is still unclear what
degree of protection is reguired af.er
cataract surgery. Other aeromedical con~
siderations include aniscmetropia, unustal
residual refractive errxors, moun-ocular
diplopia, glare, and high presbyopia. They
can be causes for seric. concern aad might
result in denial of flying status or limi-
tation of aircraft assignoent.

Some nilitary aviators (PAR-type) are
expesed to high acceleration forces {+5.)
and concern regarding the displace=ent of
intraccular lenszes was investigated. PMMA
intraccular lenses weigh spproxizmately 19
=g- The humen lens increases in weight
from 149 g, gt 1 year of age, .o 258 g,
at 85 yea:s.l

while no studies have been doune %o
determine whether the human lens decenters
under G, forces, visual acuity has beex

25-5

tested, in husans, up to 9 +G,'s and re-
pains remarkably good. Thus, if properly
fixed within a lens capsule that has not
sustained significant zonular rupture, it
is reasconable to expect that the IOL will
be maintained in & central, steady posi-
tion. USAFPSAM performed a centrifuge study
{unpublished) on 17 rheaus monkeys in 1981~
2. Each of the monkeys was evaluated and
underwent bilaterazl cataract surgery with
placement of an anterior chamber, iris-
supported, or posterior chamber IOL. At 8
to 9 months post surgery, they were each
subjected to up to 18 +G,. Post-centrifuge
slit-lanp reexamination confirmed that no
leng was displaced. {(Verbal communication
- Onex D. Steverion M.D., Thomas J. Tredici
M.D., and Col. L,uglas J. Ivan M.D.)

This initial report of our prospective
study has some shoriconings. The sample
size is only 23 and is too small for sta-
tistically significant cooparisons. Sec-
cnd, our sacple population of flyers are a
young and healthy group, usually without
other z=edical or visual problexs. Third,
th:re is no age-matched, non-flying coatrol
group, so the aviators have been compared
to the general population receiving the
same surgery. Fourth, we are not aware of
any data on a hypothetical group of flyers
that might have had surgery with an IOL,
but had complications, and were not re-
ferred to USAFSAM for evaluation and waiver
consideration.

Fifth, we cannot be certain that all
subjective sy=ptoms are being reported, as
nrilitary aviators are usually highly moti-
vated to rexain on flying status. Finally,
follow-up has not been sufficiently long to
detect 21l late com=plications or to learn
about the difficulties encountered in the
flying enviroament. In our study, 443 of
the aviators had only one ewvaluation be-
cause »ost of them have only recently been
evaluated.

Based on current technology, USATSAM
recc==ends that flyers, with catarac:is
clinically requiring surgery, receive
extracaprular cataract extrzction and a
posterior chacber IOL, if possible, because
of the lower associated compiication rates
with the ECCE/PC-IOL method. The IOL
should e a 7 or 6 = PMMA lens with ul-
traviolet (UV) protection, but withouc
positioning holes in the opric. Silicone
and multifocal IOL's cannot be recozmended,
a2t this time. The visual standards re-
quired for a retura to flying duties in-
clude the following: 28/20 or better best-
corrected distance and near visuzl acuity:
pass all other screening perforzmance tests,
e.g. stercopsis; no subjective problems
such as glare, halos, or difficulty with
bifocalsftrifocals, aniscmetropia, etc.

After the inicial UZAFSAM avaluaticn,
follow-~up evaluations at USAFSAM shounld
cccur at least everv 1 to 2 years. 1~
should take 18 to 15 vears to obtain a
sazple population of 75 o 1€8 aviators. A
group this size is necessary for deterzin-
ing the predictive vilue of eye tests, the
evaluation of new tests, and for statisti-
cal analysis.

Zurrently, USAFSAM reccmmends 2 return
to flying Suties, with no aircraf: restric-
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lights, when his pupils dilated in the
dark. Because this effect was monocular,
he reported that he was able to ignore this
distraction.

Minimally decentered IOL's occurred
with moderate frequency (25%) but caused no
repoxted edge-~glare problems. Only 1 pilot
complained. of glare problems, and his on4
was well-contered. Koch and colleagues,
using the Miller-Nadler Glare 7Tester and
the Baylor Visual Function Tester, found
that posterior capsule opacification,
decentration of the IOL, and increased
pupillary size {(more often present in
younger individuals) are the principal
factors associated with refuced visual
performance due to glare. They also found
that, if properly positiomned, thf I0L type
was not a factor. A case report 50¢ a
58-year-old airline pilot with glare,
monocular diplopia, and halos at night
revealed that zll of the visual symptcms
were Gue to the 4 positioning holes and 2
staking holes in the optic of the IOL.
When the IOL was exchanged for a lens with
no positioning holes, the pilot attained
20/15 vision, with none of his previous
symptoms, and was able to resume flying.

The rates of surgically ruptured
posterior capsules, transiently elevated
intraocular pressure, and inflamgaticn gere
within the acceptable standards.”’ “¢ 1
The rates of persistent uveitis, -chronic
glaucoma, vitreous hemorrhage, and epireti~
nal membrane seem high, but all occurred in
i single flyer. An anterior chamber IOL
did require repositioning, a 20t uncommon
complication with these I0Ls.” The retinal
hole, noted in 1 aviator postoperatively,
may or may not have been related to the
surgery. It received surrounding laser
photoconagulation, and the flyer was re-
turned to flying duties after 1 year's
observation.

Several special aeromedical considera-
tions pertain to aviators with IOLs. The
first concerns etiology. Are aviators at
more risk of developing cataracts? BAl-
though theoretically proposed, clinical
epidemiological data to support lens damage
caused by ambient sunlight is weak. The
best study to date was a recenf retrospec~
tive one on Maryland watermen. € It showed
that only cortical changes in the lens
correlated with lengthy sunlight exposure.
Additionally, it is still unclear what
degree of protection is required after
cataract surgery. Other aeromedical con-
siderations include anisometropia, unusual
residual refractive errors, mon-ocular
diplopia, glare, and high presbyopia. They
can be causes for serious concern and might
result in denial of flying status or limi-
tation of aircraft assignment.

Some miljtary aviators (FAR-type) are
exposed to high acceleration forces (4G,)
and concern regarding the displacement Of
intraoccular lenses was investigated. PMMA
intraocular lenses weigh approximately 1@
mg. The human lens increases in weight
from 140 mg, 9: 1 year of age, to 250 mg,
at 80 years.1

While no studies have been done to
determine whether the human lens decenters
under +G, forces, visual acuity has been
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teated, in humans, up to 9 +G,'s and re-
maing remarkably good. Thus, if properly
fixed within a lens capsule that has not
susteined significant zonular rupture, it
is reasonable to expect that the IOL will
be maintained in a central, steady posi-
tion. USAFSAM performed a centrifuge study
(unpublished) on 17 rhesus monkeys in 1981~
2. Each of the monkeys was evaluated and
underwent bilateral cataract surgery with
placement of an anterior chamber, iris-
supported, or posterior chamber IOL. At 8
to 9 months post surgery, they were each
subjected to up to 10 +G,. Post-centrifuge
slit-lamp reexamination confirmed that no
lens was displaced. (Verbal communication
- Onex D. Stevenson M.D., Thomas J. Tredici
M.D., and Col. Douglas J. Ivan M.D.)

This initlal report of our prospective
study has some shortcomings. The sample
size is only 23 and is too small for sta-
tistically significant comparisons. Sec-
ond, our sample population of flyars are a
young and healthy group, usually without
other medical or visual problems. Third,
there is no age-matched, non-£flying control
group, 80 the aviators have been compared
to the general population receiving the
same surgery. Fourth, we are not aware of
any data on a hypothetical group of flyers
that might have had surgery with an IOL,
but had complications, and were not re-
ferred to USAFSAM for evaluation and waiver
consideration.

Fifth, we cannot be certain that all
subjective symptoms are being reported, as
military aviators are usually highly moti-
vated to remain on flying status. Finally,
follow-up has not been sufficiently long to
detect all late complications or to learn
about the difficulties encountered in the
£lying environment. In our study, 44% of
the aviators had only one evaluation be~
cause most of them have only recently been
evaluated.

Based on current technology, USAFSAM
recommends that flyers, with cataracts
ciinically requiring surgery, receive
extracapsular cataract extraction and a
posterior chamber IOL, if possible, because
of the lower associated complication rates
with the ECCE/PC-IOL method. The IOL
should be a 7 or 6 mm PMMA lens with ul-
traviolet (UV) protection, but without
positioning holes in the optic. Silicone
and multifocal IOL's cannot be recommended,
at this time. The visual standards re~
quired for a return to flying duties in-
clude the following: 28/20 or better best-
corrected distance and near visual acuity;
pass all other screening performance tests,
e.g. stereopsis; no subjective problems
such as glare, halos, oOr difficulty with
bifocals/trifocals, anisometropia, etc.

After the initial USAFSAM evaluation,
follow-up evaluatiuns at USAFSAM should
occur at least every 1 to 2 years. It
should take 18 to 15 years to obtain a
sample population of 75 to 1¢@ aviatoxs. A
group this size is necessary for determin~
ing the predictive value of eye tests, tle
evaluation of new tests, and for statisti-~
cal analysis.

Currently, USAFSAM recommends a return
to flying duties, with no aircraft restric-
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tions, for flyers with a monocular IOL who
meet the visual standards. Bilateral IOL's
are more controversial, but it is likely
that, if all visual tests-are normal, an
aviatos with-bilateral IQLs will also be
grant2d a waiver, without restriction as to
aircraft type.

8 In -summary, USAFSAM has evaluated 23

: £flyers who have had cataract surgery with
an I0L. Twenty-two (96%) flyers were
deemed visually qualified to return to
flying duties, although two were disquali-
fied for cardiac reasons. Eight flyers
have safely flown since gurgery. Although
follow-up is short, the initial data are
encouraging. As our study progressas,
further reports. on this very unique and
interesting group will be presented.

Reprint requests to

Robert P. Green, Jr., Col, USAF, MC, FS
USAFSAM/NGO

Brooks AFB, TX 78235-5301
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L *INTEGRATION SPATIALE VISUELLE PAR LE TEST DE SENSIBILITE AUX CONTRASTES
CHEZ LES OPERES DE CHIRURGIE REFRACTIVE

Ch, CORBE ; J.P. MENU ; A, MILLET ; Ph. JACQUELIN
Centre Principal d' Expertise Médicale du Personnel Navigant
5 bis, avcnue de la Porte de Sévres
75015 ~ PARIS FRANCE

RESUME -

La chirurgie réfractive permet 1s plupsrt du temps une correction satisfaisante des vices de réfrac-
tion.'Néanmoirns, cette technique entrafne des conséquences fonctionnelles 3 court et moyen terme. Une
complication moins étudiée mais primordiale est le dommage apporté 3 la caspacité d'analyse spectrale du
systéme visyel. Nous avons pu observer 112 opérés de %éretotomie radiaire chez qui, nous avons analysé
1'intégration spatiale visuelle per le test de sensibilité aux contrastes & stimvlation polychrome. Nous
avens constaté une atteinte systématique dans la reconnaissance des basses fréquences spatiales chez les
opérés dont la cicatrisation n'’éteit pas terminés. Ceci correspond & une difficulté c¢e 1'anslyse des
détails grossiers d'une scéne visvelle. Et, lorsque le palote vole & grande vitesse et basse altitude, ce
sont les seuls éléments visvels qu'il est capable de prendre en compte. Nous avons étudié la validité du
test comme marqueur de cicatrisation post-opéretoire.

INTRODUCTION -

La micro-chirurgie de la cornée, e vue de corriger des vices de réfraction optique (myopie, hyper-
métropie, astigmatisme) pose actuellemen: certaines difficultés d'expertise aux ophtalmologistes experts
en Médecine Aéronautique. Le principe commun de ce type d'intervention est de modifier le pouvoir diop-
trique de la cornée en chengeant sa courbure antérieure. En matiére d'sptitude, nous ne statuons la
plupart du temps que sur des sujets opérés de kératotomie radiaire. En effet, l'importence de 1'smétropie
dane les autres cas entraine des désordres anatomioues d'exclusion.

Nous savons les désordres fonctionnels induits par cette chirurgie :

- Acuité visuvelle variabls pendant plusieurs mois, réfraction évolutive vers 1'hypermétropie ;

- Trouble de 1s résistance aux hautes luminances que nous svons montré par ailleurs. Les modificatiors
ont liev jusqu'é une annés post-opératoire, voir jusqu'd 3 ans pour certains ;

~ Processus cicstriciel variable selon ies individus pouvant se prolonger jusqu's 5 ans et plus.

Un autre facteur importan. u prendre en compte chez un navigant : est celui du transfert du spectre
électromagndtique 3 travers la cornée remaniée par les cicetrasations. On peut se demander en effet, sils
qualité du message visuel n'est pas alturée par les déformations caractéristiques de ls kératotomie
radisire. Enfin, puisqu'il n*existe pas de tests fonctionnels permettant de juger de la consolidation
strycturelle cicatricielle cornéenne, 1'anelyse du transfert pourrsit &tre une approche intéressante par
1'évolution puis la stabilisation des résuvltats.

MATERIELS ET METHODES -

112 candidats, & une spécialité de navigant, opérés de kératotomie raciaire ont &té suivis tous les
6 rois pendant 4 ans aprés l'intervention. Il s'asgissait de su)ets dont les résultats fonctionnels basés
sur les examens classiques &étaiant trés satisfaisants : Acuité visvelle entre 2 et 10/10 ; réfraction
comprise entre + 1 ¢t - 1 dioptrie ; champ visvel central normsl au périmdtre asutomatisé HUMPHREY. Nous ne
tenons pas compte dans cette étude des mesures de la résistance & 1'éblouissement.

A &té analyséo 1'intégration spatiele visuelle par le test de sensibilité sux contrastes & stimula-
tion polychrome. L'examen est basé sur le fait que le systéme visuel fonctionne en analyseurs fréquentiels
du spectre &lectromagnétique grice aux pr .priétés particulidres des champs recepteurs situés dans les
cellules ganglionnaires : Les cellules (X) sont au centre de la rétine, & résolution spetiale élevée, &
résolution temporelle faible, qui analysent les contrastes spatiaux gonc les formes, Elles sont spécis-
lisées dans la réception des hautes fréquences spatiasles, des détasils-fins. Les autres (celluies Y) en
périphérie de la rétine, détecient le mouvement, asnslysent la caractéristique temporelle du stimulus.
Elles receptionnent les basses et moyennes fréquences spatisles, les déteils moyens ou grossiers. D'autres
encore (cellules W) ont des propridtés appartenant aux cellules X et Y ; mais les caractéristiques pré-
cises ne sont pas.encore élucidées.

Nous savons qu'il.éxiste des cenaux de réception et de trarsmission spécifiques 3 chague fréquence
spatiale. Ainsi, 1'activation cellulaire est différente en fonction de la composition spectrale de
1'image ou en fonction des modifications du trancfert spectral & travers le dioptre oculaire.

Pour analyser cettu propri&té, nouvs utilisons des réseaux sinusoidaux stationnaires rouge de coordon-
nées trichromatiques (x = 0,665 ; y = 0,305), vert ¢es coordonnées trichromatiques (x = 0,365 ; y = 0,557),
bleu de coordonnfes trichromstiques (» = 0,142 ; y = 0,071) générés par un calculateur. Ils sont pré-
sentés sur un moniteur couleur haute résolution. On fait varier le contraste et la fréquence spatiale de
1'image de stimuletion,de méme ge son orientation (verticale ou horizontele) pour cbtenir une réponse
8lective des-différents champs recepteurs ganglionnaires rétiniens. Les mesures sont effectuées pour
chaque medalité de contraste allant de 0 3 1 et de fréquence spatisle dans l'ordre suivant : 0 ; 0,14 ;
0,27 ; 0,57 ; 1,16 ; 2,38 ; 4,75 ; 6,35 ; 9,51 cycle par degré d'angle visvel. la luminance de 1'enviren-
nement 2st de couleur blanche (x = 0,35 ; y = 0,38) isoénergétiques sur toutes les longueurs d'ondes.
L'examen explore donc 1'oeil comme 1'audiogramme explore la valeur fonctionrelle auditive. Les gains et
déricits-par rappert 3 chaque fréquence spatiale se mesurent en décibels.
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RESULTATS - : .

Les résultats ont &té analysés en fonction des réponses dans les basses, moyennes et hautes fré-
quences spatiales en stimulation-horizontale et verticale.

- Chez les 112 sujets (218 yeux), les réponses en stimulation verticale et horizontale dans lestrois
gammes de luminance colorée sont normales dans les fréquences moyennes entre 1,16 et 4,75 cycles/degré.

- Chez 23 sujets (45 yeux), les réponses dans les basses fréquences, entre 0,14 et 0,57 cycles/degré,
en horizontale et en verticale pour une stimulation rouge sont diminuées de 2 décibels en moyenne mais
restent cependant dans les limites de la normalité.

- Chez 89 sujets (160 yeux), les réponses sont normales dans les basses frégquences quelles que
soient la stimulation et la chromsticité de la stimulation.

- Chez S0 sujets (175 yeux), les réponses dans les hautes fréquences, entre 4,75 et 9,51 cycles/
degré, sont normales quelle que soit la stimulation.

- Chez 22 sujets (41 yeux), les réponses dans les hautes fréquences sont diminuées dans les limites
inférieures de la normalité pour les trois stimulations colorfes et quelle que soit 1'orientation.

Le déficit observé dans les réponses en basses fréquences sous stimulation rouge par rapport 3 la
moyenne des réponses des sujets examinés s'accompagnait d'un &tat anatomique non consolidé 3 1'examen bio-
microscopique. Les incisions étaient encore larges, le bouchon épithélial en place. Par contre, les
patients sans anomalie de transmission montraient des traits radisires estompés sans bouchon épithélial.
Nous nous sommes slors demandés si ce trouble localisé dans les basses fréquences pouvait &tre un critére
fonctionnel d'évolutivicé cicatricielle. En effet, la kératotomie radiaire engendre un tissu cicatriciel
rediaire paracentral avec réaction discrétement oedémateuse du stroma cornéen. Cet &tat induirait un
oedéme léger de 1la portion centrale par sugmentation des espaces entre les fibres de-collagéne. De ce
fait, une modification de la transmission du message lumineux s'observerait jusqu'd la diminution de
l'oedéme, donc jusqu'd la consolidation cicatricielle.

Poyr le confirmer, nous avons calculé un score correspondant su domaine de visibilité sous la courbe
d'intégration spatiale visvelle, dans les fréquences comprises entre 0,14 et 1,16 cycles/degré. Nous avons
cherché les modifications de ce score en fonction du temps post-opératoire (certains sujets ayant eu des
examens avant intervention).

Le calcul du score (A) s'est St suivant la formule suivante :

log(C2)-log(C1)
A = 10g(C1) (f2-fl)+remmwcmcmmmcncnaas (f2(log(f2)-1)~f1(log(f1)~1))
log(£2)~log{f1)

A
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Nous avons obtenu 1'établissement g'un résultat chiffré qui dsns les examens successifs post-
opératoires n'a pas montré de tendance positive ou négative, comme le montre la figure ci-dessous

AIRES SOUS LA COURBE
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JOURS entre examen et date opératolre

DISCUSSION -

Ainsi pour nos observations, toutes les réponses aux stimylations fréquentielles, basses et moyennes,
sont o.n* les limites de la normalité. Seules les hautes fréquences sont sltérées de maniére marquante.
A note. -ue ce dernier groupe de sujets possdde les mémes ceractéristigues de réfraction : hypermétropie

de + 1 dioptrie, acuité visuelle soit de 9/10, soxt de 10/10. Ceci confirme 1'influence des amétropies
sur la zone ¢'1s hautes fréquences spatisles.

Plusieurs réflexions sont évogquées en ce qui concerne 1'étude des basses fréquences : Soit le mode de

calcul utilisé est trop grossier et ne permet pas de prendre en compte les variations moyennes de 2 déci-
bels qui devaient valider 1a premidre hypothése ; Soit les résultats obtenus 3 partir de la fonction de

° - sensibilité aux contrastes sont trop approximatifs ; soit et c'est le plus probable, 1'encité histologique
représentée per 13 cornée centrale n'est pas suffissmment remaniée en post-opératoire poui entrainer une

perturbstion fonctisnnelle notable.

Par contre, la corrélation entre une hypermétropie de + 1 dioptrie et 1'stteinte conctatée dans les
hautes fréquences confirment nos premiers travaux(1): ils permettent de prévoir une §volution hyper-
métropique dommagesble pour le parcours d’accommodation du futur navigant.

CONCLUSION -

N La technique do kératotomie radisire ne scmble pas modifier ls transmission centrale du spectre
B électromagnétique. L*analyse de 1'intégration spstiasle visyelle centrale 3 partir du test de sensibilité
aux centrastes & stimulation polychrome ne peut &tre actuellement une référence pour juger d'une consoli-
daticn de chirurgie réfractive par kératotomie radisire. Il convient maintenant d'effectuer une analyse
fréquentielle et polychrome plus sélective pour dégager un éventuel marqueur d'évolutivité de la cicatri-
sation cornéenne si la sensibilité actuelle de 1s méthode le permet. Ceci devent &tre couplé avec une
augmentation de taille dy champ de stinulation et une excentricité de cette stimulstion. Cependant, le
test montre des résultats intéressants dans 1’étude cdes hautes fréquences en pronostiquant 1'évolution au

long cours vers une hypermétropisation.
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CONTRAST SENSITIVITY & GLARE

FPOLLOWING KERATOTOMY

by

Steen Tinning

Dep. of-Aviation medicin 7522
Rigshospitalet
DR-2200 Copenhagen N, Denmark

SUMMERY:

During the later years radial keratotomy
has been proposed as a posibility for
young myops to obtaip adequate visual
acuity to fulfil the visual requirements
for military piiot.

Post keratotomy applicants are never the
less not usually accepted as pilots, due
to reports describing reduced:visual
functons, increaced sensitivity to glare,
and ‘unstable refraction following
keratotomy.

With the purpose to evaluate the visual
nreblems following keratotomy, a number
of postkeratotomy applicants has been
refered to the eye-ciinic at the
Department of Aviation Medicine for
extended eyé-examination.

Refraction was stable in all eyes but one.
The visual functions at low illumination
was reduced in one third of tae eyes, and
more than half of the eyes hal reduced
contrast sensibility during radial glare.

it is generally adviced not to accept
postkeratotomy patients as pilots.
Demoustrated stability of refraction and
acceptable visual function during glare
and at reduced illumination should be
regarded as mininum requirement, if a
postkeratotomy patients is to be acceptet
as an aviator.

INTRODUCTION:

Good visual acuity is mandatory for pilots
and other aircrew members.

Reduced visual acuity is mostly caused by
refractive-errors as-myopia or astigmatism.
Refractive errors are usally corrected by
glasses-or-by contact lenses without major
problems.

In some jobs such-as highway- patroleen,
and high performance pilots, use of
spectacles and contact lenses are
impracgigal or impossible.

16 do not ‘Possess adequate
I w:l.tnout correction, are then

A lot of young myops then have gained the
hope of obtaining adeguate vision to
fulfil the criteria for getting a job as
professional pilot.

By keratotomy the refractive power of the
cornea is changed by placing cuts into the
corneal stroma.

The central part of the.cornea is left
unaffected by the cuts.

The corneal stroma is weakened in its
periphery by the cuts, resulting in a
secundary. flatening of the central part
of the cornea.

Since the central cornea plays the lions
part of the corneal refractionm -
kerztotoay will result in a decrease of
the optical power and consequently a
reduction of the myopia.

A Keratotomy is easy to perform. In most
cases the degired optical correction is
achieved and the complications are few.
Still it must be remembered that
keratotomy represent surgery on a healthy
eye.

Eventhough the keratotomy in most cases
must be regarded as successful, there
seems to be postoperative visual problems
at least in some patients. (1,2}

In a pumber of patients visual acuity is
reduced. by one or two Snellen fractions
{1). The reason for this is a reduction in
optical quality of the corneal refraction
due to increased sphaerical aberation and
the formation of scars.

Instability of refraction may be seen even
years after surgery.

In nearly all patients contrast
sensibility is reduced and some patients
complains of increasing sensitivity to
glare. {2}

Due to these observations the danish civil
aviation administration had decided to
extend the visual standard examinations by
tests for glare and contrast sensitivity
in all applicants, in whor keratotomy had
been performed.

As consequence of this decision a number
of subjects has been referred to the eye
clinic at the Department of Aviation
Medicine for extented eyeexamination
following keratotonmy.

This paper pressent the results of these
examinations.
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MATERIAL:

23 persons, of the age 22 - 43 years, haQE

been examined. All patients were refered
to examination because of a wish -to
obtaine either an aviators licens or to
join the police forces. Of the tested
persons, 3 had only been operated on one
eye, while the rest have had surgery in
both eyes.

6 persons were operated in Moscow - 7 in
united States and the rest in Denmark.

I 20 eyes the diameter of the central
optical zone, uneffected by scars
produced by the Xeratotomy, was equal to
or less than 3 mm.

The number of cuts in each cornea varied
greatly as demonstrated in table 1.

corneal cuts: l | 6 l
i

No of EByes :l

Table 1: Number of corneal cuts in 43 myopic
eyes operated by radial keratotomy.

In none of the patients, operative or

postoperative complications were described.

The examinations were performed 10 to 37
month after surgery.

HETHOD:

As well the glare test as the test for
contrast sensitivity was performed

acording to the describtion by Aulhorn (3}.

Landolt rings of s size comparred to 6/24
objects were presented as test symbols at
stepwise reduced contrast levels.

The test result was the lowest contrast
level at which the test subjects could
identify the test symbol.

Normal values for the test system have
been presented by Aulhorn-- We have
comfirmed the results in a test of 50
young-pilot applicants.

The norma® values are indicated by a
dashed-line-on the following figures.
Constrast sensitivity-was tested at low
lumrinans at 2 different levels of
background luminance (0.1 and 0.03 cd/n )
and during radial glare.

No of Eyes

204

7 =
2

12] &
=

s [}

0/43 L7 . { ] &1z 68 824 8738 Visual
Act

Figure 1: Uncorrected Visual Acuity in 43 Eyes atter Keratotomy

RESULTS:

_Postoperative 27 eyes had visual acuity of
6/9 or-better without corretion (Figuie 1)
and in all but one eye visual acuity was
6/6-or better with optimal correction.

Preoperative myopia ranged between 1.5 and
7 dioptre.

In all eyes the myopia was raduced by the
operation but in 6 eyes the residual
myopia exceeded 3 dioptre (Fiqure 2).

No of Eyes
28+
N = 43 Eyes
24+
204
164
124 B
%
8 =
z
4 : 7 B
o % =
4 % B
000  -100 ~300 @ =400 & =500 W
o785 =175 -375 -475 -515 -675 coptets
Figure 2:

Myopia (in diopters) before (1) and atter ( @) Keratotomy

Fluctuating refraction was observed in 4
eyes, all with 16 or more corneal cuts.
The change in refractive power ranged
between 0.5 and 0.75 dioptre.

Figure 3. presents contrast sensitivity
rmessured, at a background luminance of
0.1 cd/n".

The contrast sensitivity was reduced in
most of the eyes but only in 6 eves the
values were outside the normal range.

No of Eyes

P ——— ]

. o o 0 iy

High 7 8 Low
Contrast sensitivity
Pigurs 3:
Contrast atlow B k 01cd/m?)
43 oyes radal S| 0d range ———3

These results wepe confirmed by the test
at the 0.03 cd/a” luminance level. The
aajoFity of the eyes had reduced contrast
sensitivity, but in only 7 eyes the test
result was patological beyond any doubt.
Five of these eyés were characteriZed by a
preoperative myopia of at least § dioptre,
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The number of cornmeal cuts greatly
affected the postoperative contrast
sensitivity {(figure 4). Only one eye with
less than 12 corneal cuts had patologizal
reduced nesoptic readings.

No of Eyes
20 O < t2cannatcuts
B 212 -nn ===
15.
104
5+
High 1 Low
Contrast sensitivity
Figure 4:
Contrast al low SRS ¢k [} 003 cSim®

43 eyos foSowing (aSsl keratoryy (Standard range w—-»
Eyes with more (B) of Jess (D) than 12 corneal cuts.

Allso the size of the central optical zone
seemed to be of some importance for the
devellopment of reduced contrast

sensitlvity.

No of Eyes

20* 3 Osticat 2000 3men
W o-r- —meme-

154

Three of the patients had only been
operated on one eye.

All three applicants had normal contrast
sensitivity in the unoperated eye but in
tWwo cases severeiy reduced contrast
sensitivity in the operated eye.

Three patients were retested 6 to 12
month after the primary test.

In two patient contrast sensitivity was
unchanged, but in one person the result
of the examination had slightly improved.

DISCUSSION:

The presented study clearly indicates,
that radial keratotomy may result in
increased sensitivity to glare and
reduced visual function at low
illumination. These observations are in
agreenent with the results found by
other investigators (1,2).

The significanse of the reduced contrast
sersitivity is still a matter of
discussion {(1,2,4)

The propability cf reduced postoperative
visual function is increased by the number
of corneal cuts and by reductiocn of the
unaffected central corneal zone.

If the number of cuts are equal to or

less than 8, and the central optical zone
is 3.5 nm or more, the reduction of the
visual functicn is ugally insignificant.

Based on the iitterature and supported
by the results of the present study,

the danish aviation autorities has stated
the following policy on post keratotomy
applicants for pilot licening.

A. Roya! danish airforce:

=3 .
High 1 2 3 4 5 6 7 8 Low
Piqure 5: Contrast sensitvity
Contra.* ity at bow ifumi 8. X 003 cd/im?)

43 ayes following radial keratomy (Standard range ——)
Centra! optical Zons less than 3mm (2 } « Cplical 2008 moee than Imm{ T}

only two of the tested individuals
complained of glare.

From the test results it is obvious,
that contrast Zensitivity during glare
was reduced in the majority of eyes.
The sensitivity to glare was primary
connected to the size of the central
optical zone (figure 6).

All eyes with an optical zone of 3.5 mm
or more had normal glare test.

Ho of Eyes
204

154 r

5

6 7 8 Low
Contrast sensitivity

Figure 6:

Contrast sensitivily dorm) radial gisre.
43 eyes ! ragslk TANGS mrmm)
Eyos wiyh more (B) of as { 03 thin 12 comeal cuts.

Post Xeratotomy applicants are not
accepted.

B. Commercial piict {Civil}):
Post Keratotomy applicants are
accepted one year postoperative if:

1. -preoperative refractive error was
equal to or less than +/- 5 dioptre.
2. -postoperative refractive error is

equal to or less than
3. =-postoperative visual
optimal correction is
4, -postoperative visual
or better at repeated

+/- 3 dioptre.
acuity using
6/6 or more.
acuity is 6/9
examinations

using prescribed correction.

5. -contrast sensitivity at low
illumination and during glare are
acceptable {= not reduced beyond
norma) for persons 60 years of age).
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A survey of Colour Discrimination in German Ophthalmologists: changes associated with the use of lasers
and operating microscopes.

: by

G.B. Arden®, T Berninger**, CR Hogg® S Perry® and E Lund **

* Departrent of Clinical Ophthalmology, Institute of Ophthalmology, Moorfields Eye Hospital, City Rd.
London EC1V 2PD, England. ** Munich Eye Hospital, Mathildeastrasse 8 Munich-2 Germany

Abstract: colour vision tests were performed on 211 German ophthalmologists during their annual meeting at Essen. The
- subjects also filled in detailed questionnaires 2bout their use of lasers and operating microscopes, and their ocular and
genezal health. It was found that compared to those doctors who do not use lasers or operating microscopes, 339 of those
who do have decreased colour discrimination, for colours in a tritan colour-ccnfusion axis (>2SD above normal). There is a
E relationship between number of patients treated and the degree of threshold elevation. 30 hours of use of the operating
microscope produces an increase in tritan threshold equivalent to 1 panretinal photocoagulation. After treating between
1000-"10000 patients with Argon lasers, the averuge colour threshold will be > 25D above the normal mean. There is an
important additional source of variation of colour vision in surgeons who use lasers, due to a factor which apparently offers
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protection against light hazard.

INTRODUCTION

Arden, Gunduz and Perry® -recently described a new
method of testing colour vision. They produced images
of varying colour-contrast on a TV monitor. They
provided evidence that the system was capable of
detecting changes so small that they were below the
threshold 7or other commonly employed tests. Moreover
the deviations from normal could be measured in a
quantitative fashion. One of the serendipitous findings
+was that the uss of Argon blue-green lasers caused a rise
in colour thresholds, which lasted for several hours(®),
and subsequent work showed that in addition there was
a chronic effect so that after several years of using lasers
for pan- retinal photocoagulation, the ophthatmologist’s
threshold for colour contrast along a tritan confusion axis
was elevated for a considerable time, perhaps
permanently. This work was done on a small sample ( 17
surgeons) and obviously a larger survey was indicated(®).
This was carried out at the 1990 Essen meeting of the
German Ophthalmological Society.

METHODOLOGY
The computer-graphics technique originally described
was used. It was modified from the description given
in @), The colours were displaycd on monitors with a
90Hz refresh rate, and dot-pitch of 031 mm, with a 960 x
640 pixel resolution (non interlaced). The software
included new calibration routines, so that the
caleulations of screen colours and-liminances were
based upon look-up tables provided by direct
medsurement. The-new monitors required different
"grapkics engines” and a 100 MHz card, based on the
Hitachi'ACRTC chip set with single pixel scrolling, pan
and zgom facilities and x’orcground/background display
with-aliernat .screens was chosen. It was used with a
Brooktre¢ *24-bit* ‘paleute: The software was rewritten
in"C for use in a PC, using an 80286 CPU with an 80287
mathematical co-processor. instead of presenting a
grating, the software presented an alphabetic letter, and

the sutject’s task was to read it correctly. Contrast was
varied according to a Modified Binary Search paridigm
(4). The tester watched the screen of the PC, where the
correct letter was displayed, together with the current
contrast, and the means and standard deviations of the

peaks and the troughs. Threshold was determined to
within 0.3%, which is the limit for the precision of the
analogue to digital converter system and the software(1),
The use of letters speeded up the threshold
determination and removed any subjective aspect. The
appearance of the letters was for 200 msec every second,
in the centre of a large uniform constant field. To save
time, only one eye of a subject was tested. The relative
luminance of the red: green and blue: green guns was
determined by heterochromatic flicker photometry, and
then colour contrast thresholds were measured in protan
and tritan colour confusion axes, which were orthogonal
to each other in CIE color space. Two sets of equipment
were used, one from Munich, and one from London. For
technical reasons, the flicker values were different for
the two sets, but the software made allowance for this,
and some subjects were tested on both machines to
determine if the same thresholds were found by each
instrument, and this was the case.

Additional tests: All subjects were refracted on an
autorefractor, and their visual acuity determined. Any
person whose colour threshold was above normal or
acuity was below 1.0 was examined on a scanning laser
ophthaimoscope, as were persons who had any eye
disease.

Subjects: These were all German ophthalmologists,
attending a 4 day training and scientific meeting.
Repeated announcements from the chair emphasised
that we wished to test not only those who used lasers, but
those who did not, and we also wished to sce
ophthalmologists who were heavy users of operating
microscopes, but-who did not use lasers, and more
elderly ophthalmologists who did not use any such
equipment. In this way, we were able to obtain control
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groups.

Questionnaires: Every person tested was asked to fill in
a detailed account of his/her use of Argon blue green
lasers, other lasers (specifying which) and the -hours
spent operating with a microscope. The use in each year
was entered separately. There were detailed questions
about any congenital colour vision defect, and about
general health and any eve disease.

Exclusions: These were determined prior to the survey

and included anyone with systemic disease, known eye
disease, reduced visual acuity, abnormal fundal
appearance, or in whom age or laser use was not
specified. In addition, we eliminated several persons with
special experience. Thus, several had perf-sted their
technique with the Xenon photocoagu.ator, and
transferred later to Argon (" I do not get flashbacks™ 1),
and one subject who pioneered the use of Argon had, as
a precaution, always used yellow filters.

RESULTS
Normal values.

42 subjects had no exclusion criterion, no laser and no
operating microscope expericnce, but were in
ophthalmological practice. The results obtained are
plotted againstageinfigsl & 2.

It can be seen that the modulation thresholds are
slightly higher for the tritan colours, but are tightly and
symmetrically distributed around the mean. In
accordance with the previously published results, there is
little change of threshold with age ranging from the age
of qualifying to that of retirement. This group was
enlarged to 62 by the inclusion of other doctors who had
treated fewer than 100 patients with lasers ( the average
figure was 28), & had less than 100 hours of operating
experience in the last 3 years. This was not sufficient to
change the colour thresholds. The regression equations
given in the figure captions were calculated for this
group. The slope of the least squares line is not
significantly different from 0. The dotted lines in the
graphs show the upper limit of normal (mean +2SDs).
These results make it most unlikely that the relationship
between number of patients treated and visual
performance shown below due to the increasing age of
the more experienced surgeon.

Laser users and non laser users compared.

Figure 3 shows the interval diztribution of thresholds in
laser and non laser users. It is evident that for protan
colours, the Iaser makes little difference, but that the
distribution of tritan thresholds is strongly skewed for the
laser-users only. i
The relationship between age and threshold for 189
laser users is shown in figures 4 and 3: aithough the
values are higher than for the non- laser users, there is
no evident age relationship, as indicated by the
regression dnalysis. However, 32 % of the laser users
have tritan thresholds more than 2 standard deviations
above the age-corrected mean value for their colleagues.

Laser use in the last 3 years

Some of the oplithalmologists had ceased to use lasers
several years ago, and the total number of patients
treatéd was-oftén-hard to cstimate. Therefore we
analysed the Tesults of the last 3'yéars use, shown in
table 1. :
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Figure 1. Relationship of protan colous contrast threshold o 2gc in
32 gphthalmologists who do pot use lasers of operating micrescopes.
The dashed line is the mean regression line for these observers and
20 others who had treated fewer than 100 patieats, The regression
cquation is Threshold = 2.99 + (.247 x age. The corselation
cocfficient 1= 0.22. The slope of the segression linc is not
significantly diffcrent to zero. The dotted line shows the expected
epper limit of normal. In this and other figures, solid circles are
used 10 sbow protan thresholds,
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opbthalmole ~ pot asc lasers or operating microscepes.
The dashed o can regresseon line for these ohservers and

20 others whose  seated Izss thae 100 paticnts. The regression
cquationis Thren 1w 435+ 0022 xage. 7= 022 The slope of the
rezression line is nos sigaificantly different 10 2ev0. The catted fine
shows the expected upper mit of normal. In this and other figores,
solid squares show tritan thresholds
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Figurc 3. Interval histogram for protas and tritan colour thresholds
of users of lasers comparcd 10 non-laser users. The protan resolts
are broad-hatched, and the tritan results narrow-hatched. Hatching
fines drawn upward to the right indi laser users, hatching
fines d d to the right indicate laser users, Only titan laser
users' resalts are skewed,
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Table 1
Changes in Thresholds with laser
usage in the last three years
patients |
treated 1 None <100 100400 400-800 800-1600  1600-4000
i
number i 59 17 32 35 23 10
|
meanage | 42 33 38 41 42 41
]
Protan® i 421 341 394 3.66 402 361
i .14 +24 £.16 22 =17 +36
|
Trwn* i 549 542 548 6.84 7.16 732
{ 15 *37 +326 +38 +.50 +42
i
TP i 140 1.68 144 20 1.83 219
ratio i =07 £12 408 +.17 +12 20
* mean threshold with standard deviation
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Figere 4. Relationship of protan colour conirast threshold to age ia
117 oplahalmologists who ns:!amané Wmmm-z&
kave treated more than 100 paltizaiz, The regr

Thrabold = 322+ nmss::;:.‘fhcwm!amcodﬁacnx T= 0.11
The slope of the regression equation Is oot significantly differeat to
zero. The dotted Ene ks the voper Enit of rormal from firore 1.

There is a clear relationship betwees degree of use and
threshold elevation. Note that the mean age of the non-
laser using group is similar to those who use lasers
heavily. Those entering the ranks of the laser users
szzm on the whole to have lower thresholds. The effect
of {aser use is disproportionzte for tritan values, and this
can best be seen by taking the ratio tritan: protan
threshold. Figures 6 and 7 show the protan and tritan
thresholds of individuals plotted against number of
patients treated. These vary greatly, and for case of
presentation, the X- axis is !ogamhmxc. It can be seen
that there is a tread, and the feast squares fit to the data
shows that the slope of the log-linear regression is highly

Figure 5.Relationship of tritan colour contrast threshold to agc in
117 ophtbaloologists who mc!uasandmnxmswpsmd
kave treated morc than 100 pati The regr
Mn444mx:@t-um%&&ms
masafmy%mtowamd«.dﬁacm&mcd
vpper ot of normal from figure 2. Note that 37 persons are above
the vpper imit of normal, despite the lack of conelation with age.

significant for tritan thresholds. A similar relationship
was found if only the last 3 years of laser use is
considered. However there must be other sources of
variance, since the correlation cosfficient is relatively
low. For this reason we divided the subjects into 2
groups, those who only used lasers and those who used
Izsers and operating microscopes. Fig 8 shows that some
of the higher values are seen in doctors who have Tow
laser experience but who use the operating microscope
extensively. Figures 9 and 10 show graphically the
relationship between total hours spent operating { it
was ot possible to determine how many hours were
spent using a microscope ) and the colour thresholds. It




w6 S

v N e B

I

294

appears that there is an increase in both protan and
tritan thresholds, with increased operating. Note that
protan thresholds are unchanged with the number of
patients who are treated with a laser, and the
correlations between tritan threshold and laser use are
better than between tritan threshold and microscope use.
Therefore, although there must be overlap between the
effects of lasers and microscopes ( since surgeons as 2
whole use both, and the total use increases with age), it
is likely that an additional effect occurs with the
incandescent light ¢f microscopes which additionally
affects protan vision

In order to determine whether these two factors were
synergistic, we analysed the significance of total
exposure to light, giving various weighting to operating.
The results are shown in figure 11. The X axis gives the
relative weight ascribed 10 one bour of operating, with
the value of 1 pan-rcﬁnai phbotocoagulation bci:xg unity.
The vertical axis is derived from the regression of tritan
threshold on the logarithm of this ” total exposure”, using
data on surgeons who had treated over 100 patients. The
graph shows the regressica cosfficient, and the
normalised ratio of the slope of the regression line
divided by the variability of the slope. For both
measures, there is an obvious maximum, such that the
best fit is when 30 hours of operating are taken as
equivalent to 1 parient lasered. A similar analysis was
performed with the exposure 1o the Jast 3 years only, or
the last 3 years operating combined with total career
laser use.  Tre highest comrelation cocfiicents obtained
were for exposure over the entire caseer. There 2re no
significant correlations to be found with age, o5
between threshold elevation and the change in the
heterochromatic flicker values. The results of log linear
and linear analysis for number of patients/ elevation of
threshold are essentially similar, in that 2 significant
positive slope is fouad. The results all indicate that
there is seme other variable which influences colour
threshold, apart from exposure to light, One possibility,
which is raised by the apparent linear relationship
between threshold znd Jog number of patients (fig 7) is
that the rate of change of threshold decreases 25 the
number of paticnts treated increases. For this reason,
linearflincar and logflincar analyses were carried out
For the entire sample of 189 laser users, the intercep:
values of Y are not sigaificamtly different, and the values
of the correlation coefigient are very similar (3370 for
linear analysis and 3418 for log linear analysis). The
slopes of the regression lines are of course differea, but
the satio of slope to its standard error is also similar
(4.84 compared 10 5.22). It is oot possible 10 decide
which relationship represents.the data best. If the
logarithmic relationship were 10 be true, it would imply
the prescace of 2 maximom effective clevation of
mresho!d, oo mzs:cr how active the surgeon.
Anz}ys:sb) sex 44 of the sample were women, and of
these lSusc@i;;:xs.’ﬁ:mnagcofxbs 18 was lower
}.han for the fenmale group as = whole. The thresholds for
m@mmamz%oﬁkm?ﬁc
manguupoffasa:izsambzdonmmgﬂ treated
many fewer patients than iheir male colleagues: the
average tritan threshold was only mildly elevaied wih
respect 10 ther non-laser psing counterpar:  The protan
thresholds for the 18 were lower than for the remaining
female group.

Exclusions.

The corgenital colour deficiencies show elevations in
rotan axis rather than the tritan { some of the

anomzlies seen were deutan, but this was not specifically

tested for ). By contrast, persons with systemic discases

have tritan clevations. These are of the same order as

ﬁsas:.asociatcduithmemoﬂasas.
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DISCUSSION.
This survey confirms on a relatively large scale the
previous reports of a deterioration in colour
discrimination in ophthalmologists who use lasers. The
changes are most obvious for colourx lying along a tritan
colour cont 1sion axis. [his cannot be explained as a
result of age, since no such change can be seen in
ophthalmologists who do not use lasers or operating
microscopes. It is extremely unlikely that this correlation
i5 adventitious because there is . significant reationship
between threshold elevation and laser usage. Indeed it
appears that eye surgeons at the ouiset of their careers
may have better colour vision than their colleagues who
largely limit themselves to a non- surgical practice.
There is some evidence that red- green loss is also
produced, This would be expected, for Argon blue light,
wavelength 488 rum, is strongly absorbed in long- and
medium-wavelength cones ( perk absorption 565 and 550
nm respectively). The survey shows for the first time that
there is a minor contribution from operating
microscopes to the elevation in threshold, and 30 hours
operating is equivalent to one pan-retinal
phet~enaqulation, The regression equations predict that
by the time between 1000 and 10000 patients have been
treated, tritan thresholds will be abnormal by commonly
accepted statistical standards. Given current average
workloads this is in fair agreement with previous work
on a small group which found the threshold of statistical
abnormality to be crossed after 7 years®), There is a
large scatter in the results, some of which is due to
difficulties in the estimation of the number of patients
treated, and part possibly due to differences in the
equipment used, and the manner in which it is used.
However, there seems to be an i'nportant " missing
foctor” for some ophthalmologists can apparently use
Jasers without any change while others are more severe s
affected. Further work is required to identify this factor,
The degree of threshold elevation is comparable to that
caused in several acquired conditions. Thus, although
the threshold elevations seen here are below the limit of
discrimination of the 100 hue test, they indicate that
light is causing an undesirable level of disturbance to
retinal function and we have no evidence that this
change is reversible. Although surgeons employ bright

lights, the :1tensity of naturally occurring and artificial
luminous radiation is so great that some people who
work in the open air must receive total retinal fluxes
which are higher than for the busiest surgeon. It
therefore seems prudent to discover if the findings
reporte * .\ this paper are part of a larger picture of
changes caused by light on the eye, and if such changes
are related to any increase in pathological cha.yes
associated with age.
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Figure 9:Relationship between protan threshold and number of
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who have treated > 100 paticnts, Threshold = 2.91 + .292 ( log hours
operating), r = 0.167. The slope ofthe regression cquation is 1.7 times
the standard error of the slope.
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ABSTRACT

The rapid growth of laser science and
engineering has resulted in an increased
use of lagers by the military. It is
likely that in future engagements lasers
will be used directly against our forces,
and their effects on the health and mission
performance of our aircrews are of particu-
lar concern. Since the optics of the eye
can increase the retinal irradiance by a
factor of 100,900 times over that which 1s
incident at the cornea, the retina is
especially vulnerable. Laser range finders
and target designators are used in military
operations, and energy inputs from these
and other potential laser sources are
sufficient to produce significant eye
injury at distances of 1 km or more. Glare
and flashblindness, which are temporary
visual effects caused by visible lasers,
are present for laser energies considerably
below the damage threshold and can, there-
fore, interfere with mission performance at
a considerably longer range. Aircrews
pactially protected by windscreens and
canopies are still at risk from near
infrared and visible lasers, while other
personnel, such as air base ground defense
forces, are additionally at risk from
ultraviolet and far infrared lasers.
Patients' symptoms from laser exposure will
vary depending upon the power and wave-
length of the laser, the structure of the
eye affected, how close the exposure was to
the visual axis, and the extent of the
temporary or permanent effects on visual
structures. Since most medical personnel
in the field have never previously dealt
with a patient who has had a laser expo-~
sure, a report which provides background
information on lasers and guidance on
handling these patients has been written.

MEDICAL MANAGEMENT OF COMBAT LASER EYE
INJURIES

INTRODUCTION

A laser (light amplification by stimu-
lated emission of radiation) is a device
that emits an intense narrow beam of light
at discrete wavelengths which range from
the near-ultraviolet (invisible to the eye)
through the color spectrum (visible) and
into the far-infrared spectrum (also invis-
ible). The rapid growth of laser science
and engineering has resulted in the in-
creased use of lasers by the military.
Currently, laser range-finders and target
degignators are used in military operations
by ground personnel, tanks, aircraft,
ships, and anti-aircraft batteries. They
are also used to simulate "live fire" in

force exercises, where accidental 1injury to
the eye may occur. It is likely that in
future engagements lasers will be used
directly against our forces. Thus. their
effects on the health and mission perform-
ance of our aircrews will be of particular
concern. Laser energy outputs are suffi-
cient to produce significant eye injury
even at distances of a kilometer or more.
" ixrently, aircrews partially protected by
windscreens and canopies are still at risk
from near-infrared and visible lasers,
while other personnel, such as air base
ground defense forces, are additionally at
r1sk from ultraviolet and far~infrared
lasers. The injury effects of laser
exposure, as well as the diagnosis,
treatment, returp to duty, and evacuation
of injured personnel, will be addressed in
this report.

PRINCIPLES OF LASER ENERGY

A laser produces a narrow, highly
collimated beam of coherent {in phase)
light which t:avels at 3¢9,000 km per
second, the speed of light. As distance
from the laser source increases, the narrow
beam will gradually diverge to a larger
diameter. This beam can vary in wavelength
throughout the electromagnetic spectrum
(Fig. 1) and can be visible or
invisible. Typically, laser wavelengths
(often measured in nanometers - nm) are
grouped into four majcr categories: ul~
traviclet (UV), 208-380 nm; visible, 380-
768 nm; near-infrared {near-IR), 760-1400¢
nm; far-infrared {far-IR), 140¢-10° nm.

Lasers emi:t energy continuously
(continuous wave - CW) or in short bursts
(pulsed). The number of pulses that a
laser emits within a given duration is the
pulse repetition frequency (PRF). Confu-
sion can result because CW lasers can
appear to be pulsed, if their beam is
"chopped, " and pulsed lasers can appear to
be CVW lasers, if their PRF is too high for
the eye to perceive the separate pulses
(greater than 69 to 98 Hz). In addition,
certain pulsed lasers can emit all of their
energy compressed into time periods as
brief as billjonths of a second (nanosec-
onds - ns) or less. Some lasers, such as
argon or krypton, <an emit several discrete
wavelengths simultaneously, although fre-
quently the laser is adjusted to emit one
wavelength at a time.
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Figure 1. The radiant energy (electromagnetic) spectrum. (Adapted from

McKinley, 1947)

The radiant power output of a laser at
a given instant can be stated in watts, as
with any light source. However, while the
radiant output of CW lasers is usually
given in watts, that of pulsed lasers is
usually given in joules per pulse. A watt
unit (W) is equal to an energy of one joule
(J) per second, where a joule is defined as
the energy required to raise the tempera-
ture of 1 cc of water by 8.239°C. A laser,
unlike an ordinary incandescent light
source, has a very small beam divergence
and, thus, can direct most of its radiant
power, over very small areas even at great
distances. A measure of this radiant
power, at a position in space, is
called irradiance and has the ueits of
watts per unit area (e.g., W/cm®), while
a measure of radiant energy, at a position
in space, is called the radiant exposure
and has the units of joules per unit area
(e.g., J/em*). The radiant exposure of a
laser is equal to its irradiance multiplied
by the duration of time (in seconds) that
irradiance is presgent at the position in
question.

Laser light is gathered and focused by
the eye across a 2-7 mm pupil to a retinal
image about 5-30 microns in diameter. This
focusing can increase the retinal irradi-
ance by a factor of 108,808 over that which
is incident at the cornea. A relatively
low-ocutput laser can produce serious eye
injury simply because the eye focuses the
beam and, thus, increases the retinal
irradiance. The use of light-gathering and
magnifying optical instruments, such as
binoculars, and other optical sighting
devices increases the danger from exposures

because they collect more of the lasger
light and further increase the
ocular irradiance.

BIOLOGICAL EFFECTS
Absorption of Light

The microscopic anatomy and the
presence of pigmente or chromophores in
ocular tissues determine whether the
tissue in question will absorb or transmit
light.

1. Ultraviolet. Laser radiation
in this spectrum (below 380 nm) is primari-
ly absorbed in the anterior segment of the
eye by the cornea and lens, as well as by
the skin. Some near ultraviolet light
(315~348 nm) will, however, reach the
retina.

2. Visible. Laser radiation in
this spectrum (386~768 nm) is absorbed
primarily within the retina by the photore-~
ceptors, pigment epithelium, and choroid,
as vell as by the skin. The longer wave-~
lengths (red) are absorbed more deeply in
the retinal/choroidal tissue than the
shorter wavelengths (blue).

3. Infrared. Absorption of
lager energy in this spectrum {(above 769
nm) occurs in two areas of the aye, as well
as the skin. Laser energy in the near-
infrared spectrrm (<1408 nm) is absorbed by
the retina and choroid, whereas laser
energy closer to the gat end of the infra-
red spectrum {148¢-18° nm) is absorbed by

the cornea. A cransition zone exists, from
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1200 to 1460 nm, where retina, cornea, and
lens are all at risk.

Damage Mechanisms

The amount of damage is, in general,
proportional to the amount of laser energy
the tissue absorbs and will be depandent
upon the wavelength of the laser light,
exposure duration, pulse width, repetition
rate, and irradiance. There are three
primary mechanisms of laser damage: actin-
ic; thermal; and mechanical. Actinic
insults generate photochemical processes
and are more prevalent with UV and shorter
vigible wavelengths. Examples include UV
corneal burns and sunburns of the skin.
The injury mechanism of most low-power
vigible and IR continuous wave lascrs is
one of thermal photocoagulation, i.e.,
superficial and deep correal burns and
retinal burns. High-power CW and pulsed
lasers produce both thermal burns and
me~anical tissue disruption.

Description of Potential Damage
Cornea

The effect of ultraviolet radiation on
the cornea is to produce epithelial injury,
a condition that can be painful and visual-
1y handicapping. Minimal corneal lesions
should heal within a few days, but mean-
vhile they could produce a decrement in
visual performance.

Far-infrared radiation is also mainly
absorbed by the cornea, producing immediate
burns at all corneal layers. An infrared
laser can produce a lesion which results in
permanent scarring of the cornea. If the
energy is sufficiently high, the cornea can
be perforated; this perforation may lead to
loss of the eye.

Retina and Choroid

The neurosensory retina is transparent
to most wavelengths of visible light.
However, laser energy in the visible range
can produce inner retinal damage, although
this is mainly secondary to the much great-
er absorption and dectruction that takes
place in the deeper : 1d more pigmented
tissue, the retinal pigment epithelium.

When the retinal pigment epithelium
absorbs sufficient laser light energy,
local thermal coagulation of adjacent
photoreceptors and other structures of the
retina also occurs. The surrounding retina
will also be affected by edema. These
procésses result in a scotoma (blind spot)
which varies in size deperdinc upon the
extent of the retinal damage. Vision may
not be disturbed sign;flcantly by small
retinal burns away from the fovea.

Visible and near-infrared lasers of
sufficient power can produce hemorrhage in
the choroid, a very vascular tissue, and
dxsruption of ‘the overlying retina. The
visual loss from this hemorrhage may be
quite severe. The blood may also move into
the ‘vitréous of the eyé through the dis-
rupted retina, where it may obstruct the
passage- Of light -through the ocular media.
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If extensive or centrally located, such
hemorrhages can produce a significant loss
of vision.

Skin Damage

The threshold for skin burns is simi-
lar to that of the cornea for ultraviolet
and far-infrared wavelengths. For visible
and near-infrared wavelengths, the skin's
threshold is much higher than that for the
retina, since the concentrating power of
the eye is not a factor.

LASER EFFECTS ON VISION
Glare

Visible laser light can interfere with
vision even a’ low energies which do not
produce eye damage. Exposure to CW or
rapidly pulsed, visible laser light can
produce a glare, such as that produced by
the sun, searchlights, or headlights.

Flaghblindness and Afterimage

Visible laser light can also produce a
lingering, yet temporary, visual loss
agsociated with spatially localized after-
effects, similar to that produced by flash-
bulbs. Like glare, these aftereffects can
occur at exposure levels which do not cause
eye damage. One aftereffect, known as
"flashblindness," is the inability to
detect or resolve a visual target following
exposure to a bright light.

The other aftereffect, often confused
with flashblindness, is "afterimage."
Afterimages are the perception of light,
dark, or colored spots after exposure to a
bright light. Small afterimages, through
which one can see, may persist for minutes,
hours, or days. Afterimages are very
dynamic and can change in color ({"flight of
color"), size, and intensity depending upon
the background being viewed. It is Qiffi~
cult to correlate the colors of afterimages
with specific laser wavelengths. Afterim-
ages are often azanoying and distracting but
are unlikely to cause a visual decrement.

Visual Loss from Damage

The permanent damage caused by UV,
visible, and IR lasers can cause variable
degradations in vision, proportionate to
the degree of damage. Corneal damage may
significantly degrade vision due to in-
creased light scatter from opacities or Jue
to gross rupture. In addition, iritis
(intraocular inflammation), seen in associ-
ation with corneal injuries, may cause
photophobia, pain, and miosis {small
pupil}.

In the case of retinal damage, the
severity of visual loss will depend upon
the proximity and extent of the damage to
the fovea. A graphic illustration of the
potential Snellen visual acuities of the
human retina, for high-contrast targets, is
presented in Figure 2. It shows that the
best visual acuity occurs in the
foveola/fovea, and that the acuity falls
off sharply when mosing toward the periph-
eral retina.
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. EXAMINATION
20720 B T .
. History
& 205 The information provided in previous
3 sections, along with appropriate intelli-
2 2013 gence questions, should all be used when
F ] . . RE questioning aircrews.
> —
g, 2050 f—t—t——t—t T Routine Procedures
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a 267100 == hpﬂ? - External Examination
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@ oS The periocular tissue (lids and con-
o -’quf/ BENE junctiva) and anterior segment (cornea,
60 40 20 0 20 40 anterior chamber, and iris) of the eyes are
nasal 3 temporal evaluated on external examination. Laser
DEGREES FROMFOVEOLA

Figure 2. Acuity as a frnction of distance

from the foveola. Acuity is greatest at

the foveola and falls off sharply in the

peripheral retina. The fall-off is rela-

tive to the maximal foveal acuity but has

considerable individual variability.

For illustrative purposes, this figure

assumes that maximum visual acuity

is 28/28 and relates the expected fall-off

in vision to that maXifum..

(Adapted from Chapinis, 1949; data from
extheim, 1894).

Functionally significant loss of
vision usually occurs only if the burn
directly affects the fovea. The expected
minimum burn size (3¢-190 microns) for a
low-power exposure to the fovea will have
variable effects on visual acuity depending
on location, with either no effect or a
reduction in vision to approximately 28/48
for high-contrast targets. On the other
hand, a direct lagser burn to the foveola
would definitely alter vision. If the
retinal damage. includes hemorrhages, the
visual loss may be more profound, as the
blood may block the passage of light to
uninjured portions of the retina.

Central visual field defects caused by
damage to the posterior pole will be no-~
ticeadble and may bz distracting or disa-
bling, depending upon whether the foveola
and, thus, visual acuity are affected.
These central defects can be detected and
characterized gquite accurately with a
simple test--the Amsler Grid.

A laser’'s light energy is likely to
affect both eyes, unless one is occluded or
otherwise ‘protected, because the laser
beam's diameter, at operationally signifi-
cant distances, will be wider than the
head.

SYMPTOMS

Symptoms will vary dependxng upon the
location and severity of injury. Patients
may give a history of experiencing glare,

aness, -decreased Vvision, pain, or

7 <1os§ of vision.
spch as_ skin and éorneal

xe “the d;agnosxs mo.e Cer-
gpecially when ‘accompanied by a
history of seeing bright, colored lights.

injuries to the cornea will usually be
limited to the area of the cornea within
the palpebral fissure. Redness of the
conjunctiva suggests ocular inflammation,
possibly secondary to injury., that may be
external or internal. A small pupil in the
inflamed eye suggests, but does not con-
firm, the diagnosis of intraocular inflam-
mation (iritis). The anterior chamber
should be examined for bloogd.

Snellen Acuity

2 "standard" eye chart (for distance
or near) is used to measure visual resolu=
tion in ¢ ch eye. The 20/20 characters on
the chart have a letter height which
projects an angle of 5 minutes of arc on
the retina with 1 minute of arc features
which, it is assumed, must be seen tou
correctly read the letters. This procedure
tests foveal vision.

Confrontation Visual Fields

Finger-counting confrontation visual
fields can be accomplished by the examiner
facing the patient (at 1 m) and each clos-—
ing the opposing eye. The examiner thew
extends kis hands to the sides where he can
see them with hiis open eye. He then flash~
es different numbers of fingers in each
quadrant and elicits the patient’s re-
sponse. The same procedure is accomplished
on the opposite eye. This procedure may
help to identify gross peripheral visual
field defects such as might be caused by a
large hemorrhage, if the patient is unable
to see the fingers of the examiner.

Amsler Grid

The Amsler Grid is a graph paper
which, when held 38 cm (12 in) from the eye
and viewed monocularly by the patient, can
be used to plot areas of retinal injury or
vitreou3s hemorrhage in the posterior pole
(central 20 degrees). The Amsler Grid is
sufficiently sensitive that it can detect
lesions as small as 5# microns. Each eye
should be tested separately. Figure 3 is a
superimposition of an Amsler Grid on a
drawing of the posterior pole to delineate
the approximate area of the posterior pole
tested by the Amsler Grid. The patient
will report seeing visual distortion of the
lines or a scotoma corresponding to the
area of the posterior pole injured. The
perceived Vvisual field is upside-down and
backwards to the dorresponding retina,

i. e., superotemporal Yetinal defects will
be "seen” by the patient in his inferonasal
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field. The .foveola.corresponds to the
central point of. the visual field. Abnor-
malities <4n testing may indicate old stable
conditions or new retinal/vitreal patholo-
gy+ _ Bilateral abnormalities in the same
areas-of the visual -field. support the
diagnosis of a laser eye injury. Figure 4
demonstrates laser scotomas due to bilater-—
al, but unequal, -foveal damage from a ruby
range finder.

v

Figure 3. Area of the posierior pole
tested by the Amsler Grid. (Adapted
from Keeler {(Hamblin) Lit., Amsler Charts
Report}..
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Figure 4, Amsler Grid abnormalities corre-
sponding to foveal damage in hoth
eyes. (Adapted from Lang et al., 1985).
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Sterecopsis

An evaluation of stereopsis can be
conducted by using the VTA-DP test or the
AO vectograph (distance measurements), or
the Verhoeff apparatus or Randot Titmus
{near measurements). The results are a
good estimate of binocular visual finction,
as well as a test of foveal vision, as each
eye must usually be at least 20/25 for an
individual to pass.

Ophthalmoscopy

Using the direct ophthalmoscope, the
examiner should be able to obtain a clear
and undistorted view of the posterior pole
in undamaged or mildly damaged eyes. Poor
visualization of the posterior pole can
result from corneitl or leas opacities or a
vitreal hemorrhage. «. -tmacologic dilation
may be used to facili‘ate this examination.

Specicl Tests

Fluorescein Staining

Fluorescein staining of the cornea
will be helpful in detecting corneal
epithelial defects in patients complaining
of an ozular foreign-body or “scratchy”
sensation.

Color Vision

Pgeudoisochromatic plates are a series
of color vision test plates in which col-
ored dots are arranged in the shape of a
number or letter. This test measures a
function of the cone photoreceptors which
are most numerous in the fovea centralies.
If available, it may help in identifying a
foveal injury. When used, it should be
accomplished in each eye separately.

Tests for Malingering

The general types of malingerers
include: individuals who deliberately
feign a nonexistent visual loss; individu-
als who pretend that a condition is worse
than it really is. 0Oddly, some aindividuals
pretend that a disability does not exist.
The reason malingerers feign disability is
for secondary gain; they avoid a dangercus
assignment or obtain . disability retire-
ment.

In testing for total blindness (if
monocular, you should cover the "good"
eye)}, several simple objective tests can be
done to demonstrate some vision:

1. Normal pupillary reflexes demon-—
strate the integrity of the lower visual
pathways.

2. The Menace Reflex (gquick avoiding
blink)

3. The individual’'s ability to follow
you rapidly thirough a crowded and disorder-
1y room

4. Proprioception tests

5. Make faces at thenm.

6. The optokinetic nystagmus test
(drum or tape) can rarely be suppressed.
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7. If a mirror {at least 36 X 67 cm)
is placed before the "blind“ eye(s) and
rocked, malingerers can often be -"found
out® because their seeing-eye(s) follows
the image 'in the mirror.

If you must demonstrate a-specific level of
vision, other more sophisticated
tests may beé used:

8. tereoscopic tests (VTA-DP, Ver-
hoeff, Randot Ti=mg, A~-O Vectograph
slide), if normal, suggest that the vision
0.U. most probably is at least 20/25.

9. Surreptitiously blocking or fog-
ging with "plus® lenses the vision in the
"good® eye may enable you to demonstrate
good vision in the “"bad” eye.

16. Visual tests exist that require
good vision in both eyes to read all the
letters on the line, such as polarizing
lenges with the Project-0-Chart slide and
red/green lenses with the duochrome slide.

11. A 4-diopter or 6-diopter base-out
prism, when placed quickly in front of the
viewing “bad” eye, will cause a refixation
shift and, thus, demcnstrate that the eye
was really fixating on the object of re-
gard.

PHYSICAL FINDINGS

No clinical findings may be apparent,
if only subjective symptoms (glare, flash-
blindness, or afterimages) have occurred as
the result of a non-damaging exposure, or
if there is retinal damage or hemorrhage
outside the fine vision area of the poste-
rior pole. The latter may be asymptomatic
and not seen with the direct ophthalmo-
scope. Malingerers will generally have
either no objective findings, or symptoms
out of proportion to objective findings.

Clinical findings Jdue to damage may be
variable and include the following: iso-
lated, rows, or groups of retinal burns:
retinal/vitreal hemorrhages; and superfi-
cial or deep burns of the skin and cornea.

TREATMENT
Corneal Injuries

The treatment for corneal burns is the
same as for burns of other etiologies,
namely, the use of antibiotic coverage and
ave drensings. The principles regard‘ag

~-7=% .8, smoke inhalation, and airway
maintenance must be followed. Patch only
the eye with the injured cornea. Any
associateqd iritis and its attendant pain
can be treated with pupillary dilation
using cyclogel 1%, one drop in the affected
eye(s) evéry-8 to 12 hours.  If the eye has
been ruptured, the likelihcod of saving it
is low; do not use regular eye pasches for
such injuries, asg these-put pressure on the
eye.-- -Rather, -the eye ‘should -be protected
by a metal eye {Foxx) shield from any
externsl pressure. Do not put any eye
drops or ointmefits on-a -fuptured eye. The
patient should be kept physically quic. in
& supine position. Ih addition, the pa-
tient -should bé started on intravenous
antibioti £ possible. Priority of

7acuation-deépends on the sevérity of

injury and the likelihood of saving the
eyé. Pain medication may be required for
patient comfort. ‘Topical anesthetics
should never be given to the patient, but
they may be used by the physician to aid in
the examination and treatment of nonrup-
tured globes.

Retinal Injuries

At present, the treatment for laser
injuries-to the retina/choroid is not well-
defined. Ocular and oral corticosteroids
have not been proven effective for the
treatment of retinal burns or hemorrhages.
The use of eye patches for retinal damage
is discouraged. Patching deprives the
patient of his residual vision which may be
quite good. It also has the effect of
magnifying the visual impairment to the
aircrew member and- increasing his depend-
ence on others. Personnel with vitreal
hemorrhages should be maintained at bed
rest with their heads positioned so that
the blood settles away from the visual
axis, particularly for the first few days.
Delayed or tertiary treatment of vitreous
hemorrhage consists of vitrectomy and
associated procedures, but only ror those
eyes that do not have adequate spontaneous
absorption of the blood. ‘Patients with
retinal damage currently have a low
evacuation priority.

RETURN-TO-DUTY CRITERIA

An assessment of visual function and
other findings, such as pain, should be
made to determine how effective each indi-
vidual will be to his unit. Personnel with
best corrected visual acuities of at least
28/48 in the better eyé and no worse than
26/480 in the other are returnable to duty.
The specific duty they perform will be
determined By the unit znd the medical
cfficer.

Aviators whose vision has been affect-
ed by a laser may remain at the front, but
whether or nct they perform aviation Jduties
will pe determined by the degree of vision
1oss, the extent of central visual field
loss, whether the condition{s) is bilater-
al, the duties they are required to perform
in the air, and the intensity of the en-
gagement. Aviators with either large
contained retinal or vitreous hemorrhages
should not £fly, as the blood may shift and
occlude the vigual axis. For the elective
return of pileuts £c¢ flight duty, the fol-
lowing short charc can servs as a general
guide:

Best Visoal Acuity AmslrGrd  Stereopes Moisem
Better eye Woszeye

2/ /30  Abtnioncers Nomwl | ABpumions
275 20/ A OU. Normal  Afrio groond

R of Erapon

2/% 278 ARIOU. Abrormal  Emergecy
evrcustion of

eraitin

dayltight
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Other combinations of visual acuities
are possible. The flight surgeon must use
his best judgment, understanding the flying
demands, -in returning individuals with eye
damage to flying -duties. Aviators with
20/4@ vision in their better eye should
probably-not be returned to flying duties.
Bilateral foveal injuries, in spite of
reasonable visual acuity, can cause a loss
of confidence in a pilot with previously
excellent vision.

EVACUATION CRITERIA

Personnel with best corrected vision
worse than 20/46 in the better eye can be
removed from duty and considered for evacu-
ation. The capability of medical evacua-
tion and the intensity of the engagement
will determine whether these casualties
will be evacuated or remain. Remember,
soon after the injury, the vision may be
poor, but it may improve over several days.

PSYCHOLOGICAL IMPACT

The use of laser weapons has the
potential for having a very significant
psychological impact on aircrew. Much of
this impact can be alleviated by proper and
well-directed education efforts. Some
laser effects are only temporary and nonin-
jurious. Acute visual loss due to laser
injury may improve with time, and injured
personnel should be given that hope. 1In
addition, they should be reassured that it
is unlikely that they will lose all vision
and be "blind." The chief source of expert
knowledge and education for commanders and
their aircrew members will be medical
personnel, particularly flight surgeons,
ophthalmologists, and optometrists. The
flight surgeon should actively participate
in education sessions designed to teach the
aircrews about lasers, their effects, and
methods of self-protection.

A laser attack has the potential for
occurring as a total surprise. Steps must
be taken before engagement to alleviate
fears of “death ray” lasers and helpless-—
ness in the air or on the battlefield due
to loss of vision. Use of protective
goggles and visors must be empha-
sized, and aircrews should be reassured
that the use of appropriate devices will
protect their eyes.
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