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RETINAL BURNS
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Scientific Exhibit
Annual Meeting of the AMERICAN MEDICAL ASSOCIATION

June 16-21, 1963, Atlantic City, New Fersey

OBJECTIVES

Since retinal thermal injury is the most hazardous immediate effect of nu-
clear explosions at distances where no other damage to biological structures
would occur, it requires special attention and protective devices, Even flash-
blindness, though a reversible phenomenon, is of vital importance to military
personnel on the ground, on the sea, and in the air. To evaluate those
hazards basic principles of spectral distribution, absorption characteristics,
susceptibility of tissue to different wavelengths and thermal conduction are
essential. The following research data provide a more basic understanding of

eye hazards from rthermal radiation,
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Retinal burns the most
immediate effect of nuclear
explosions at distances
where no other damage to

biological structures occurs

Research Lisht Coagulator

simulating

Nuclewr Exposurc in the Laboratory
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PHYSICAL CONSIDERATIONS

Although the size of the image of the
fireball at 200 miles is much sinaller
than at 10 miles, the intensity of
thermal radiation on the retina re-

L o N miains the same at both distances.
9 LRt Y R . . .
% Lz #"" The intervening atmospheric con-
i \‘{ ’ﬂ ditions, however, may modify to a

vartable degree the intensity of the
image.

The angle of the incident light beam
to the optical axis affects the light
intensity on the fundus, The inten-
sity is reduced by 30 percent at an
angle of approximately 70 degrees.

The deleterious effect of visible light on the retina following solar eclipse is
known to antiquity (Socrates in Plato). Several hundred eclipse hurns were
observed in 1912 (Birch-Hirschfeld, A, and Stimmel, L.; Von Graefe’s Arch.
Ophth. 90:138, 1913). During World War II macular burns were observed

Retinal exposure tume depends on
three major factors:

, — ) It increases with size of the weapon,
in military personnel using powerful binoculars to follow Japanese planes into e oo : It changes with burst altitude,

the sun. (Cordes, F. C.: A.J.Q. 27:803, 1944}, Test animals received burns ST TR T Tt is limited by blink reflex.

at 300 nautical miles at high altitude nuclear tests in the Pacific {Biol. and :

Environmtl. Eff. Nuclear War, US printing, Washington, 1959). Bene-
ficial use of high intensity light has been utilized since 1951 for clinical treat-

ment of intraocular pathology (Meyer-Schwickerath, G.: K1, Mbl, Augenhk,
118:194, 1931).

The retinal image size is equal with
a small pupil (dav) or a large pupil
{night), but the intensity changes
with pupil size, being less if the
pupil is small,
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BASIC RESEARCH
Ocular Spectral Characteristios

-

Jpectral transmission through
light, medium and dark pig-
mented fundi and spectral trans-
tuission of ocular media
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Transinission in albino eves with ]
choroidal vessels filled with blood —2 K
and those irrigated with normal

saline wolution,

— 0

Absorpuon spectrum of diluted
rabbit hemoglobin { top).

Ratio between absorption spec-
trum of blood-filled and irrigated

choroidal  vessels, corresponding S AT ot oo
to light absorption by intravascular mooo

blood (bottom),
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Figment density of retinal pig-
ment epithelium and of the
choraid varies considerably from
individual to individual but also
within one and the same eve,
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Range of absorption in human
retinal pigment epithelium {area
between solid lines) and choroid
{shaded area), —
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BASIC RESEARCH

Fundus Reflectance

Photomultiplicr tube attached 1o
Zeiss funduscamera. This arrange-
ment allows for estimation of pig-
ment density by reflected light
from the ocular fundus and thus
allows an estimation of the sus-
ceptibility to retinal thermal in-
jury
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Heat Conduction by Tissue and Blood Flow

AL very short exposure times tissue conduction and conduction by blood Aow
play an insignificant role. The energy required to produce a thermal lesion
1s therefore the same for both, large and small burns,

During long exposures, a large amount of heat is carried away by blood
flow. thus. more energy has to be empioyed to produce a burn.

Exposws Tome  {1ecopds)
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‘Threshold dose as a function of exposure
time for different sizes of retinal burns
in rabbits: A conduction phenomenon.
Note, at very short exposure times (175
psec} the required energy for producing
a small or large burn is equal. In pro-
longing the exposure time the smaller
burns require more energy than the
larger burns since the thermal gradient
is greater for the small lesion.

Influence of rate of blood flow and tis-
sue conductivity on thermal threshold
lesions. The area between the cutves
gives the difference of energy required
for producing a lesion. Top curve rep-
resents energy with blood flow intact.
Bottom curve represents energy with
blood flow ceased.
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RESEARCH

Laboratory Arrangement Research Light Coagulator

—

Spectral distribution for various

currents,
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RETINAL IMAGE UNIFORMITY

RETINAL iMAGE DIAMETER

High pulsed light source with
digital delay generator and oscilla-
scope,

FULAL CIRCINT Dragham

Diagram of optical system,
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SPECTRAL DISTRIBUTION FOR FULSED XEMDR MIGH PRESSURE LSNP
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Variation of irradiance over the
retinal image.
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APPLIED RESEARCH

Funa’us—Phuzug raphs and Histology

Mild burn.

Moderate burn,

Heavy burn.

APPLIED RESEARCH
Histochemistry
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After short light exposure {175/
usec, 0.15 cal/em?). Note the

“steep” margin between stained ing”
and unstained ellipsoids.

Alter long  light exposure (30
msee, 1.2 cal‘em®). Note “slop-
largin between stained and
unstained ellipsoids.

The ganglion cells appear un-
affected after short eX]IosuUres.

Involvement of the ganglion cells
alter long UNPOsSUres,
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APPLIED RESEARCH

Electroretinography

Experimental arrangement
(Screened-in cage, Sanborn re-
corder, Tectronix Dual Oscillo-

scope 555).
->

CLECTRORETINOGRAM OF NORNAL AND LIGHT
COAGULATED RABBIT EYE

e [ [

MORMAL COAGULATED

Scattergram of percent amplitude
variation in subclinical exposures.
Note, ERG changes with reduced
B wave amplitude occurred after
exposures 30 percent below ener-
gies required for a visible lesion.
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BERCINT NFFERENCE

s B 5 & = 8 3 8
T

Typical difference between trac-
ings of normal and light exposed
retina (175/usec. 0.08 cal/cm?).
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APPLIED RESEARCH

Microagarelectrophoresis and Densitometry

CINTLR GF RETINAL BURN
Alterations in center of light ex-
posute. (Outer line represents et .
normal proteinogram of the ret-
ina.)
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Alterations in 2 mm distance from
center of light exposure,
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A relationship of area loss (%) .
in regard to the disc (mm) from
the center of the burn, Area loss
of retina with long exposure {30
msec) is indicated by solid eir-
cles. Area loss of retina with
short exposure (175 usec) is in-
dicated by a circle with a center
dot.
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THEORY OF RETINAL DAMAGE
UNDER LIGHT EXPOSURE

leV:‘4~=1t' Pt e "
Normal Retina . o
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TANLILET FUNCTHOWAL
OAAGE TO VESION

.
Very mild thermal injury. Only
retinal pigment epithelium is in-
volved, causing interference with
metabolic exchange.
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Mederate retinal burn involving
retinal respiratory enzymes, but
still dependent on pigment density.

Heavy burns invelve all layers of
the retina, the choroid and sclera
as well,

RESULTS

Large burns require {ess energy at long exposure times than smaf! burns.
Small and large burns require equal energy at very hort exposure times.

For longer exposure times the delivered energy has to be increased due to
¢onduction phenomena even if the burn size is unchanged.

For long exposure times the burn lesion originates at the center of the image
and grows progressively until for moderate to scvere burns the lesion becornes
greater than the image size. This is a heat conduction phenomenon,

Thermal conduction can be demonstrated by changes in retinal enzyme
activity and electrophoretic protein pattern.

Blood flow affects greatly the amount of energy required at exposure times
greater than 0.3 sec., but is insignificant below Q03 ser,

Fundus pigmentation influences greatly the required energy for visible as
well as for functional retinal burns.

Fundus reflectance measurements allow to determine susceptibility to retinal
thermal injury, Reflectance and required energy to produce a burn increase
or decrease essentially linear,

Changes in the electrical potential in the retina as measured by the ERG

technique occur at lower energies than those demonstrable by other labora-
tory means.
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RESULTS
Computer Evaluation

PERCENT SPECTRAL ABSORPTION OF THE HUMAN EYE

Pigment Intravas-

Spectral Qcular  Epithelium Choroid Entire cular
Distribution  Media {PE) (Ch) Fundus Blood  TOTAL
Uniform 43 7122 3-23 34 7 83
intensity
5800°K 18 6-17 +-18 26 3 46
(roughly
equal
nuclear
explosion)
XBO 2001 13 3-16 4-20 26 5 41

THE THERMAL DOSE DELIVERED IN 150 msec TO THE HUMAN
RETINA FOR VARIOUS WEAPON YIELDS AND DISTANCES

Average
irradiance
Total Thermal during first
Weapon Retinal thermal dose dose on the 150 meec on
yield Distance image ontheretina  retina in 150 the.reting
KT inKm size (mm) cal/em? msec cal/em?  cal/cm?/sec
1 24.2 0.05 8.7 6.5 43.3
1 15.1 0.08 21.0 15.8 105.0
1 12.2 0.10 280 21.0 140.0
20 27.0 0.15 12.0 3.4 22,7
20 20.2 0.20 23.0 6.5 433
20 16.1 0.25 34.0 9.7 64.7
50 23.3 0.25 20.0 3.0 200
50 19.4 0.30 300 16 30.7
30 16.7 0.35 40.0 6.1 40.7
100 25.5 0.30 19.0 23 15.3
100 21.8 0.35 275 3.3 220
100 199 0.40 33.0 4,2 28.0

130 msec approximates the blink reflex. The thermal dose delivered within
this time interval to the retina varies with the weapon yield, and is larger for
the smaller weapons, Therefore the smaller weapons are particularly hazard-
ous to the eye,

MILITARY

PROTECTIVE DEVICES

Electromechanical goggles. The
electromechanical goggle is a shut-
ter device closing in approximately
three ten-thousandths of a second.
The silicon solar cells located above
each lens “see” the nuclear flash.
The resulting current activates
electronic circuitry which fires a
small detonator closing_the leng
shutter. The power supply and as-
sociated electronic circuitry are
contained in the small white box
heid in the wearer’s left hand.

Irreversible {one-way) phototropic goggles, Phototropic filters have the
property of darkening on exposure to light. The goggle without the photo-
tropic filter is shown on the left. The unactivated phototropic filter is in the
center foreground. The goggle with the activated filter in place is on the
right, The plastic pocket in the center background contains extra filters. In

use, the goggles are worn with the unactivated filter in place during night-
time operations,
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