Caxe Report

Bilateral maculopathy following visor up ¢jection-
A case study
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Presented here iv ¢ case, of a pilof who
gfected from MIG-27 ME a tactival strike

Sfighter afrcruft fitéed with KM-IM series 2

efectivn seal(ES) Ejection aecurred
fmmediately fullowing o bivd hir on
capproach, Sabsequently, the efect pilol
developed persistent visual defects as a
result of maculopaihy in both eves. The
ciase iy discussed keeping in view the
efection dynamics of ES in umbient
environment and its cause and effect
relationship towards ophthalmic infuries,
course of natwral recovery, conventional
conservative Ireatmenl, curreni concepiy,
rale of hyperbaric medicine and
weromedical disposition of the piiot. The
fmportance of using visor in all phases of
Sighter fiving is reiterated,
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bandenaing a sick aireralt in dire

emergency is nat abways an

incidence free alfair An apparcntly
sale landing by an ¢jection may only give
a lalsc impression of safety. Careful
observations may revesl presence ol
indirect, internal or delaved ooset type ol
injury. Open ejections have commonly been
associated with surface injurics of the eye,
bl cecurrence of mternal mqury 18 rilher
uncommeon. Perhaps, one of the carliest
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recorded internal ophthalmic injurics rom
a high performance aircraft [HPA] in TAF
wis in esrly 1974, Gllowing induction ol

apen ¢jechion sariant in the same year [L].

(Case Report |

A 27 year old, 177 cm lall male pilot
witighing 74 Kes was authorised Lo carry oul
a handling sortic on MIG 27 ML The sortie
was uneventiul till he was asked (o excculy
an overshoot, in view of a formation of two
asrcralls which hud lined up for take ofl,
While turning on lo downwind he
experienced a bird hit on his porlair inlake,
Soon alter he noticed wamning lights of DC
gencrilor come on along with other assorll
indicalions of vneine overheal and flame
out. By this stage, the height and speed
combinatitn ol 800 ms AGL and 500 kmph
precluded any aliempt o relight and the pilot
abandoned the aireraft in a planned mannee
The pilutwas rescued by villagers and the
local police. Subscguent nredical
examination in a service hospital revealed
the occurrence of {a) Bilalem| cechymosis
and subconjunctival hacmorrhapes over
expused areas of hoth eyes Fig -1 (b) Orbill
oedema right eve (¢) Macular oudema in
right eve (dy Bruises on both shins and on
the right shoulder with its iltﬂﬂl‘iﬂr{
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dislocution (o) Conlosion back

The X rays of the skull and spine taken
tolleww g ejection revealed abseace of hony
injory. TTeswiis given conservirlive Trestmenl
and the subconjunclival haemorrhages
sy spontancousty by thind week, (lig
2) Henwewer the macolar ocdema continued
lo persist in both eyes, By the end of sisth
wieek, it resolved with Faint glial scarring al
macula. The pilot complained of visual
dilliculties lrom third day dnwards during
hospitalisation viz, unclear visual perception
al humen Fices al close guarters, which
continued Lo manifest as dillicully in driving
and weading even aller discharge rom the
hospital. Newropsychialrie exsaminstion
ruled oul the existence ol post travmalic
stress disorder. Review ophthalmolegical
exam revealed normal acuity of vision.
However, fundnscony revealed o 51:1[L- riJ':E-,
of hypopigmentation with central and
peripheral zones of hyperpigmentation
(Bull's eve appearance) ol apprsimalely
14 dise digmeder over right macula. Lefll
macula revealed a poorly delined zone ol
hypopigmentation with stippling of pigment
in macular region of apprax. 1 and 172 dise
diameter. Fluorescein angiography done
alter ta momths Gl onsct did net reveal any

abnormal Teakawpe, poking, zone of

ischaemia or hypofluorescence pooling at
maculae, barring some evidences of
haemorrhages in nasal reting of R eye
corresponding to blocked fluorescein.
(Fig - 3.)

Amsler charl showed an srea of seotoma
around the point of fixation (Fig-4} .
Bjcrmum sercening revealed zone of scoloma
more extensive im L1 than the Ri eve,
restricted 1o 107 of visunl field ground point
af fixation {lig-5) Nine months later
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sphthalmulogical examimation was normal
excepl that the macular arcas showaed dull
foveal rellex with pigmentary stippling in
gither eve, Fickl chaning revealed absolute
scotomas wilh steep margins wilthin 3 ol
fields around point of lixation. In addition,
the right eye showed seotomas seattered
hetween 150°=200° along 135-150and 210
260 meridians above and below The right
blind spot. In left eye, absolute and steep
seotma extended between 15-200 along 25-
65 meridian, The pilot was found healthy
utherwise with no physical, enrdiovascular,
melabolic and other disordes which could
have potentially contributed towards
impaired visual functions,

Discussion

Cause of Injury
overshooting was in the process ol lurning
on o down wind when he sighted a flock
of birds i his Dight path from his leltside,
Betore he could react amd initiate an
avoiding action. the aircra It had sustained a
massive binl hil leading o the engine lame
out. At that moment the airera [Uwas ying
al about 1050 mtrs AGL at LAS of
apprmximately 364 koph ln an attitude of
shallow climb of 7 nese up with 353" roll to
the right. It could mean that just before the
ejection the pilot was under the inllucnee
of minimal +Gy acceleration with eves
looking towards rightand downwards, From
the point of human tolerance, the ejection
was initinted below 1/3 of the max speed of
the aircralt viz 1700 kmph or 1056 mph | 1.6
mach] at the lowest Iringes of medium level
altitude. Henee the ¢jection was well within

The pilat, alte

the safely envelupe and the capabilities ol
KM-IM [ES] provided the protective Nying
clothing and equipment inclwding erash

an
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Fig 1 - Flourescein Angiography [ollowing 2 monihs of incidence, showing
evidence of hacmorrhages in nasal retina of right eve, corresponding lo

blocked Dovurescein.

Fig-2 Amster chart showing area of Scotoma around point of fixation.
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Fig-4 - Bjerrum screen chart - Rt eve
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helmet Z5H - 3M with fis visor, KM-32
oxyeen mask worn by the pilol were
praperly used in their appropristc prosilioms,
During the courtof ingumry [ 1] 1t was [ound
out that though the flying clothing was
recovered indact the visor was not hiswered
lor want ol increased visibility as peotral
Lrey visor is el o impair it considerbly.
The failed 1o
spontancously despite rapid builtup of "Gy
during assisted egress by KOM combined

visor come  down

ejection gun systen. Nospecilic reason was
found, however it was probably due o
mechanical Tailure coupled with altered
pesitivon el the head,

1is abvions that the pilot was cxposed o
severe wind blast on his cyos unprolecied
while he gjected atspeed of 528 kmph (293
kis) well within the recommended cjectivn
spuecdds af the order of (250-300 ki) 4350-
240 kmph, At these levels the forces are
known to cause loss of spectacles, hisad gear
cte. in some crow |6] Wind blast injury s
supported by the fact that subconjunctival
haemorhapes were cssentially within the
expirsed palpebral fissures of both sides with
the exception of nasal conjunctiva of Lteye.
{Fig-2.} Ecchymises and vebital cedema
are jmdiealive of impingement of excessive
blast Torces, The ophthalmic injuries are
unlikely to occur in subseguent phases of
gjection in absence of evidence of fuuling,
excessives parichule opening shock, and
lolerably transmitted Torees on heels while
landing on even surface and
subsegquently diffusing them out on butlocks
and right shoulder,

sirll

Foww use of visors during [yving is not

uncommon amongst Dghter pilots, Maay of

Ihe pilots on Russion aircralls do not use
neulral grey tinted visor mounted on GEH-

.t

i

M helmets under LH::l[;lrnrr]i.‘"l.:{l \.Ji.lg[hilit}r
conditions espocially during approach and
landing and flying over certain terrains due
o its merging clliset on ground Features us
comparcd 1o blue green visors |Y]. On the
other hand O° Connell et al |6] have Fouml
low use of clesr visors on modern Us
fghters as well, on account ol discomlort
due 1o rellections and duplication ol light
sources bath within and vutside the cockpil
and diflicult exchange with daytire tinted
visor. The salety concern regarding non
bowering of visor still remaing a debatable
issue amongst Hghter pilods vie, bettoer
Vision vis-ia-vis rare nisk of injury. More so,
as mmor abrasions and Iacemtions have
been recorded over expiosed parts of the Riee
in 20-25% of ejecled pilots even in visor
dewn ¢pections 6], On a similar typo of
Russian aircralt at the some base, anolher
pilat could withstand Dlast forces well 1n
visor down conditivn Following a tatal
failure of cinopy atan allitude of 4.7 kms
with speed of 200 kmph. Following the
emergency, hecraised for 17 minat a lower
height of 1 km at reduced speed of 350
smph. He sustained only an uncornforkihle
roughness ovver the exposcd skin ol his face,
which resolved spontaneously within g few
idays [9].

Ocular loleranee to wind blast is 4
multifactorial attribute, Gaverau [4] found
epithelial damape to eomen duc loowind
blast in free [l parachutists, manifesting
as temporarily decreased visual acuity and
punctate staining. On the olher hund some
open ejections at high speeds with total loss
of head gear bave not resulted inosimilaror
other peular imuties. Nevertheless; the risk
of ocular injurics is dependent on indicnled
arrspeed, ar low pattern, openness of eyes,
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profection provided by oxygen mask
assembly, posilion aml usape of visor, lce
blind and rotation of head gearduring early
phases of cjection. Topical dynamic
pressures may further be altered by position
and dircction of [ace besudes other lictors,
Continned attempt jo locsle the bird with
bare eyes could have enhaneed the effects
of wind hiast in this particular case.

Post Erection Maculopathy © Spontaneaus
securrenee of scolomas s rire in the young.
Under routine elinical conditivns il s
primariy disease of the elderly, assoc faabe]
with lypertension, hyperlipidem:a,
cotonary arlery tisease, tobacco use, ventral
and branch retinal vein occlusion and
presence ol positive anti nuclesr anlibodies.
The pilot had maintained good binocular
vision since his entey into TAF in 1983, The
hiziness in vision appeaning alter bwo diys
of hospitalisation has some similarity with
the ophthalmic lindings observed during
ligst visor up cjection on high performance
fighter in 1974, in which the pilot staried
complaining of haziness of vision in RL eye
{rom1 third day of his ejection. In both these
cases, gross near and distant vision
remained unalfeeted rght from the Dirstday
of ejection, which could be explained by
intacl foveal functions and distribution of
scotomas paracenirally. Macular oedema
(ME) in the former was characlenised by
fogging of lelters und words, absence of
foveal reflex and dull macula. Full recovery
ocenrred during the first week of ejection
with convenlional  treatment on
Prediisolone, Nicotinic acid and modilicd
rest. In this particular case ME persisted for
over 4 month and resolved only with
scarring @l macula despile sumilar
conservalive treatment as an in paticnl,

fnd. 2. Acrospace Med. 40 (1) 10946

The appearance of Togginess and macular
ocdema within two Lo three days of ¢jection
s indioative ol reactive nature ol 118
pathogenesis incontrast o subconjunctival
haemorrhages and cechymosis which
orenrred immediately ondircet exposure 1o
wind blast. The retina could in turn be
injurcd by sudden compression of medin
and neurovascular clements, Retinal oodema
usually results from plesma lenkage [roren
its damaged hlood vessels, A less extensive
short term ME is wsually reversible, In
severe and prolonged ME, the Cchronic
plasmi extravasation continues forming
hard vellow exndates ol serum histineyles,
macrophages and cell debris [2,7]. The
L’I_'S_I:_'Hl:_'l'.'lti."-'(.' j'l!'ﬂl_'l_‘:iﬂ ﬂ'li-l}" Cuse E[]fl.'l.'l.ilii.f:”'l
af microcysis which lend to coalesee into
farger cysts. Lamilar cysts formed at the
fovea lead 1o permanent loss in ceatral
vision |[8]. The contribution ol acule
hypoxia resulting from shorl lerm
hydrestatic displacement of blood umdler
high positive +Gy furee durlng egress alone
is unlikely to cause ME. The cye has
adequate Oxvegen reserve akin lo other briin
tissue, and this can last longer than 1.4
scconds (time of cgress ), The decceleraling
forees did not reach boyond threshold during
any stige of escape In any of the axes.

Management Strategies ; Irrespective ol
muechanism of injury, the pathogenesis of
ME involves sufficiently prolonged hypoxia
ot ischaemia and secondary oedema 1o
trnumatised, obstructed [7] or sensitised
blood vessels, In a healthy young aviator
where other disease and apge related
confounding factors are already cxcluded,
the accepted [restment of ML remains rest,
analpesics and corlicosteroids along wilh
other symptomatic relicl. Considering the

ni
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petential long lerm effects ol rapidly
aceurring gravilo inertial forces resulting in
prolonged localised hypuoxia through coup
or conireoup vascular damage within the
urbil, neurocompression or pull on nervous
elements, yperbanc oxygenation [HBOT|
is considered promising. The ocular effects
of HBOT are veasoconstrictive which help
in reduction of blood [low and ocdema, at
the same lime providing high oxygen
caneenliralions in dissolved form o medis
and retinal elements due o ils incressed
diffusion distance irrespective of disruption
of vascular elements, These efleets are
similar o those obscrved in reduction of
cerchral vedema following hyperbaric
uxygen frealment, During cxposure b
HEOT between 2.2-28 ATA, the partial
pressure of oxyvgen is built upte 15004
200 mmHg in lungs with dissolved VIR Len
ol 4.0 ml% againsta little over 100 mmHg
in lungswith disscdved exveen alpnly 0,32
m 1% in blowed while breathing air at sea
level pressure, The adminisuation of clinicl
oxygen even by enhancing inspired oxygen
[raction FIO, 1o 1004%, is able to provids
oxyegen only upto one third of resting Hssue
demands in healthy individuals, as the
solability of the blood is low under sea level
conditions, Various studics have conlirmed
improvements in cases of wvarious
maculopathics including those resulting
from cystoid macular cedema with
hyperbaric oxygen treatment [3.7,] while
it was not proven cffective wherein the
underlying pathology was ocelusive in
nature [3]. However in this particular case,
HBOT was notl Iried. Flourescein
angiopraphy had substantiated some
disruption of vascular elements as evidenced
by residual haemorrhages and thereby
incvitahle retinal hypoxis,

64

Aeromedical Disposal

Adter one and halt months of hospitalisalion
the pilal was awarded 6 weeks of sick leave
lor convalescence in Med cat ALGL
Following his readmission al the end ol
three months of onset, he was awarded
AGGE T 24| Lor post-cjection maculop:thy
and anterior dislocation of Rl shoulder. On
subscguont review al AFCME, hie was
recommmended to continue in Med Cat A4G3
(T=24) [or mocwlopathy with restefcted
ground duties not imvalving unusoal stress
and adviscd 1o observe caution while
driving. In order w0 enhance the ohjectivily
and accurmcy in acomedical disposal, he
wis advised to present himsell with
avtomated perimetiy an his subseyquenl
revivw, Meanwhile the pilot was awarded
non Aying catégory with A4 (P)and G3 (T)
classification, Subsequently, the pilot lost
his flying status permanently due to
irreversible macular involvement and
significantly large scotomas incompatible
with any lying duties, Off-central
compensation of vision by poripheral reting
in the evenl o bilateral involvement of eves
Is unreliable and potentially hazardous t
Right safety.

Conclusion

The oocurrence of delaved onset macular
oedera should be anticipated in all high
speed visor up gjeetions. The likely
appearance of symptoms and signs could
bie Between two e thred days during post
ejection period and should be monitored
carefully. In view of the unacceptable sequel
of neurovascular damage 1o retina under
rapid  onsel  gravito-inertial o oand
environmental forces during ejection, early
administration of hyperbaric oxygen therapy
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is prudent as an adjunct o conventions]
trestment in order (o enhance reduction in
macular oedema and improve topical
oxygenalion, Further studies on elfects of
HBGT on post ejection maculopathies are
recommuonded,
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