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Y\/ ~ INTRODUCTION

During this decade, lasers on the modern battlefield will become a
‘directed energy threat to the eyes of ground force military
‘personnel(1,2,3). One needs only to reflect on the enormous increase in
.electro-optical battlefield devices presently being developed to both train

:and equip troops for combat to suspect that a dramatic increase in.

‘accidental and intentional exposure incidence may well occur. Laser
irangefinders (single pulse) and designators (multiple pulse) are
janticipated to be commonplace in the modern electronic battlefield. While
‘the future may hold to the concept of a laser injury as radiation that
‘vaporizes its target, now we need only to be concerned with those devices
‘that disrupt the complex man-machine interface by ocular injury. Such
iinterfaces are critical to a modern equipped Army, and ocular injury will
xseverely affect this complexity. Laser devices that inflict such ocular
damage are easily available and will be prolific in ground battlefield
scenarios. The present investigation was designed to incorporate several
key features of the military scenario in order™to address the question of a
low level laser threat to the eye and acute vision.

sensation. Such sensations, processed as electrical impulses both within
/the retina and in the visual brain centers, produce our most complex visual

P AL COPY

To understand the nature of the low level laser threat, we need to
underatand some critical aspects of ocular anatomy, vision, and the nature
of a laser exposure made under field conditions. The retina is the sensory
tissue that is responsible for transducing light into simple visual.

Y }experience. If a portion of this tissue is destroyed, vision can be
,pernanently or temporarily altered. The photoreceptors, the actual
-biological transducers of 1ight impulses into electrical impulses, are not
TAMP iuniformly distributed. The cone photoreceptors, concentrated in the fovea,
wngrading/ ‘are responsible for acute vision, maximal visual acuity, and fine spatial
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—-vision. If the fovea is damaged, visual acuity is dramatically altered and:

the visual scene is blurred. The fovea, a relatively small piecée of the
human sensory retina, is at the center of the optical axis of the eye.
Thus, use of military optics places the fovea in a most vulnerable
position.

In several previous experiments we demonstrated that foveal laser

. exposure could dramatically alter the ability to resolve fine spatial

detail, i.e. visual acuity (4,5). These experiments demonstrated both"
permanent, as well as transient changes in acuity associated with moderate
to low levels of laser flash exposure. But all of these previous.
experiments were done with relatively large retinal spot sizes (150-350"
microns). In the field, however, the laser flash will produce a small’
retinal spot (30-50 microns) because of the laser's low divergence. Our
questions in the present experiment were: will such exposure produce a
significant effect on the retina and visual acuity? Will small punctate
foveal exposures have an effect on visual acuity similar to that of larger
retinal spot exposures, where the entire fovea was involved? Will small
spot foveal exposure affect retinal areas outside the fovea?

By measuring contrast sensitivity across a range of acuity target
sizes, we were able to assess the possible lateral influence of small spot
laser flash exposure. While visual acuity expresses the very finest target
that can be resolved spatially, it does not reflect spatial visual function
for larger targets. In order to measure the effects on 1iminal spatial
‘vision for large as well as small targets we measured contrast thresholds
‘as well as visual acuity. The reciprocal of the minimum contrast ratio
threshold is contrast sensitivity, and one may plot a function relating
contrast sensitivity to acuity target size or spatial frequency. In the
contrast sensitivity function the smallest resolveable target has the
élowest contrast sensitivity, requiring the highest contrast threshold.
|
’ In this experiment we have not only simulated battlefield exposures
.with small retinal spot exposure but, because many field laser systems are
frepetitively pulsed, we have also employed a repetitively pulsed 1laser
'system. The wavelength of the laser source (532nm) is close to the peak of.
the daytime maximum color sensitivity of the human and monkey eye (550nm). !

'METHODS

Rhesus monkeys were trained on a visual acuity task in which exposure
ito a laser flash could be administered during task performance (4,5,6)..
'Animals were trained for many months to discriminate bright achromatic.
:Landolt ring acuity targets, rings with gaps ("C's"), from other dright
'ring targets that lack this gap ("0's"). The minimum resolveable spatial
detail (visual angle) for the rhesus monkey is similar to that of the
"human. :
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; = 'l‘heﬂrhesus is also quite comparable to the human in its miaimum:

oo contrast threshold for various target sizes. Mo measure contrast

- sensitivity, the gap of the Landolt ring was expressed as an aperiodic
spatial frequency.

age Lune . In order to expose an animal and track the immediate visual consequence
T of a laser exposure in a reliable manner for at least a half hour post-.
s wru exposure, very stable visual function baselinea were required. Spatial:
‘vision thresholds ( visual acuity and contrast sensitivity) were determined:

utnoc  —» by a method that allows instantaneous determination of threshold (7). The:

SJiiiaii.. rhesus were trained to titrate either the size or the contrast of the:
e, ¥ezn. acuity targets about their threshold.” Following initial discrimination

learning and determination of acuily or contrast sensitivity for a given

acuity target, animals were trained to yield highly stable baselines with:

“.x  minimum variation over a period of at least an hour. Stability criteria of

— approximately 0.2 to 0.4 log units in either acuily or contrast sensitivity:

maintained over a 30 to 60 minute period were generally required before any.
animal was considered ready for exposure.

For two animals trained to track only their high contrast acuity, three
to four exposure sessions were given to establish reliability of a given:
exposure level. Exposure levels were increased until a criterion deficit of
about 90 % of baseline acuity could be obtained for about 2 minutes post-
exposure. For three contrast sensitivity animals, the effect of laser flash
‘exposure was determined on one spatial frequency at a time for three to
four exposure sessions.

Laser flash effects were obtained for small spot pulsed visible laser
(532 nm) flash exposure on visual acuity, and contrast thresholds for
‘spatial frequencies from 38.5 cycles/degree to 2.2 cycles/degree, (i.e.
‘Snellen acuity notation from 20/15 to 20/267). All exposures were made
‘with the flash presented through the gap in a .78 minute of arc (20/15)
iLandolt ring. This assured foveal exposures, as the fovea was required for
‘accurate discrimination of this size target. An exposure was made if the
’daily pre-exposure baseline was within 0.4 log units of the previous
;session's baseline for acuity or constrast sensitivity. A frequency
doubled Neodymium laser (532 nm) operating at 20 Hz was used. Exposure
'consisted of six 20 nsec pulses delivered within a 300 msec time window.
[In the early portions of this experiment a 10 Hz pulse repetition frequency,
(PRF) was employed and six pulses were cumulated over three successive
'trials spanning a period of 36 seconds. The average calculated nominal
iTotal Intraocular Energy (TIE) per pulse was 3.0 uJoules for a5 mm pupil
in high contrast acuity recovery tests. All contrast threshold functions
‘were measured against a 70 ft L. background and, therefore, a 3 mm pupil
.was assumed for calculation of the total intraocular energy (1.1 uJoules).
Lup All TIE levels are nominal values with variation of TIE about + 20% vithin
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Sqes - Five animals were used in these experiments. All had pretraining ;
ar e refractive errors of less than a 1/2 diopter; all had normal appearing. '
.rsr fundi prior to exposure. Fundi of selected animals were reexamined only E
after an entire exposure series for the given animal was complete.
age cyne i RESULTS :
per Here f An acuity threshold session, lasting about 60 minutes, from one animalf '
'is presented in PFigure 1. Landolt rings presented to this animal’
wthor —» !immediately after exposure had to be increased in sige to a Snellen acuity;
Jfiliacion 'level of 20/108 before tracking of post-exposure recovery could be: i
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Pigure i. Raw data taken from an acuity exposure session is shown. The Y-
laxis is an ordinal scale where the location of Landolt rings in a sise
igraded series of acuity targets is expressed as a percent deficit relative,

v ‘to the pre-exposure baseline. The last 8 minutes of the pre-exposure acuity:
'baseline is followed by a laser exposure. A maximum acuity deficit of
‘approximately 93% was seen as long as 8 minutes post-exposure. At 28

"AMP - iminutes, recovery was to about 50%, with full recovery occurring within 1
swungradin:,/ .;honr»mexrgxmm- .
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e —>achieved. This post-exposure threshold acuity level corresponded to ati:
LiroThe least a 90% deficit with respect to pre-exposure acuity baseline, and was.
Tiu persistent for several minutes post-exposure. BEven after recovery began,
it was slow and incomplete at the end of 30 minutes. - At the end of the:
LTral ‘actual 50 minute post- exposure session, however, the animal's acuity
Age tvpe ‘baseline had returned to pre-exposure levels. No subsequent deficit was:
i w” _ . noted on successive test sessions. |
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In Figure 2, recovery curves for visual acuity (2a) and contrast.
‘sensitivity (2b) are presented. Two acuity recovery functions are shown in:
2a. Both of these functions were obtained in a manner similar to that!
'shown in Pigure 1, except here we have averaged the acuity for each two!
‘minute block of post-exposure data over several exposure sessions for one:
ianimal. The lower curve was obtained from exposure to 6 pulses at a 10 Hz:
‘pulse repetition frequency, while the upper curve was obtained from:
lexposure to 6 pulses at a 20 Hz pulse repetition frequency. In the former,,
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FPigure 2. Post-exposure recovery curves for acuity (2a) and contrast!
sensitivity (2b) are presented as percent deficit relative to pre-exposure
baselines, Significant initial deficits and recovery from such deficits are
represented. The recovery curve for contrast sensitivity (2b) was measured
with a large target having a spatial frequency of 2.24 cycles/degree. The
acuity recovery curves represent the average of 4 exposure sessions for
each condition, while the contrast sensitivity recovery curve is an average
of 20 exposure sessions across 3 animals. By inspection, these average

curves_are highly representative of all individual recovery functions. |
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"‘six_yulses were delivered in 2 pulse bursts on three consecutive Landol®
R ring trials over a 36 second period, whereas in the latter curve the 6
Sz pulses were delivered in a 300 msec interval on a single Landolt ring

trial. While a more prolonged recovery time is evident for the 10 Hz
CoTirer repeated trial exposure, both require close to 20 minutes for full recovery
ige tvpe  to occur. 5

L MO
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RN, Figure 2b is a recovery function of the contrast sensitivity for an
‘acuity target equivalent to 20/267 Snellen, or a spatial frequency of 2.2
g -itaor -ﬁbrcycles/degree. It is a large target that involves foveal as well as:
i <filiaiioi ‘parafoveal stimulation. Initial deficits in contrast sensitivity, and
i ‘tw, Srars recovery times for such size targets were essentially the same as those
i for targets requiring much smaller foveal areas. Similar curves for 20/15.
Snellen acuity targets, or spatial frequencies of 38.5 cycles/degree, were:
g line essentially equivalent in the time course of recovery. Both small and
-—= ‘large targets showed little recovery during the first two to four minutes
‘post-exposure. After the initial four minutes post-exposure, full recovery
; required about 15 minutes. Post-exposure contrast threshold 95% confidence
] ‘1imits did not overlap those of baseline in any specific animal until about:
6 minutes post-exposure. Statistical significance of post-exposure relative:
to pre-exposure thresholds for p<.05 was obtained during the first 4 to 6
minutes in all animals. Recovery became more variable both within and
;across animals beyond 6 minutes post-exposure.

!

Although an immediate and substantial deficit in spatial vision was
;usually produced, not every exposure produced the same initial 1loss. The
‘histograms of Figure 3 show the percentages of exposure trials required to
produce criterion deficits of 40, 60, or 70 ¢ within the first 2 min post-.
exposure. Data were taken from three contrast sensitivity animals from all
;exposures where 38.5, 10.0, and 2.24 cycles/degree were used as test
;gspatial frequencies. A total of 92 exposure sessions are represented.

i Most exposure sessions produced a 40% deficit over the first 2 min of
'exposure regardless of spatial frequency. About 90% of all exposures
itabulated produced a deficit >40% for these initial 2 min post-exposure;
iabout 60% of all exposures produced deficits >60%; and, between 35 and 60%
iproduced deficits >70%. In all three categories, the largest epatial
] |frequency was affected at least to the same degree as was the finest
= ispatial frequency. The intermediate spatial frequency seemed somewhat less
g . iaffected than those at the spatial frequency extremes. When the complete
. ‘spatial frequency spectrum is plotted, it is evident that intermediate
ispatial frequencies were somewhat less affected initially and recovered

. ‘more rapidly than either the largest or the finest spatial frequencies.
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Figure 3. The degree of maximum deficit in contrast sensitivity was not
uniform for all exposures. Variability can be seen in the amount of post-
exposure change, with less than 50% of the exposures resulting in deficits
greater than 704 of baseline levels, while deficits greater than 407 were.
produced on more than 90% of all exposures. Deficits greater than 60% were.
produced on 60-80% of the exposures. ‘These data represent a total of 92
exposure sessions across 3 animals.
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t
Several exposure sessions produced deficits in either acuity or.

contrast senaitivity that lasted more than the duration of the test:
session, and appeared more selective to the highest spatial frequencies.,
Such effects, however, were difficult to quantify fully because of their
infrequence in the present study. However, recovery from these exposures
always occurred with several post-exposure sessions.

Fundus observations of animals examined after the completion of all
laser exposure sessions revealed small punctate lesions in the foveal areas
including the foveola, the central portion of the fovea. A fundus:
photograph taken from ome of the subjects is shown in Figure 4. ;
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Figure 4. Rhesus fundus showing "punctate” foveal lesions. Arrows indicate
‘the location of the lesions.

DISCUSSION

: We have demonstrated that small spot laser flash exposures produce
transient changes in high contrast visual acuity and contrast sensitivity
‘These data indicate that effects may involve areas greater than the
predicted retinal image diameter of 30 to 50 microns.

; Several possible explanations are applicable to these findings. Most
‘exposures in this experiment involved trains of Q-switched pulses. Such
exposure conditions in combination with small eye movements may have
‘"painted " a larger effective retinal spot across the fovea than would have
‘been possible with a single pulse alone. In our early experiments, we used
a 10 Hz PRF, and distributed six pulses over a 36 second period, 2 pulses

~avre

.longer lasting initial deficit than a single burst of six pulses delivered
over 300 milliseconds.

second factor, local retinal edema, is possible as well. Local edema and

.its spread to neighboring retinal areas might well have affected parafoveal
AN areas for a short period of time. Such a phenomenon was suggested to
wn.r1dit ' explain analogous effects for total foveal damage (4).

‘per trial. This exposure condition ( Figure 2a-lower curve) produced a

As most exposures made were at the EDgy for retinal burn criterion, a
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SR ~* ___Neural retinal interactions are a third element in the explanation of
ST these effects. The visual fields of foveal photoreceptor neural systems’
£ (foveal receptive fields) typically are considered to be small, subserving

a small number of photoreceptors located within the fovea.- While these

vofirss results do not comment on the size of foveal receptive fields directly,
ige tyce ‘they suggest that foveal receptive fields may overlap parafoveal areas, 80
Stle of that a foveal alteration could affect parafoveal processing of’

! —»
! aer e photoreceptor input.

i ‘35@?? T In addition to producing large changes in fine spatial vision, these:
+ilstac.on flashes frequently produced initial delays in the recovery function. Such.
ity, Statt ‘delays were generally evident during the first 2 to 4 minutes following’

flash exposure. A similar finding has been reported for longer pulse widths.
(100 msec) and larger retinal spot sizes (150 to 350 microns) (5). Such:
vst lin:  delays_in recovery after flash increased with exposure power up to
—~ 'permanent acuity losses. Temporary delays in recovery may be reflective of
foveal neural "inelasticity” or foveal "blanking" as well as local retinal.
edematous changes.

Permanent changes lasting more than a single session were not as
evident as those obtained in previous work, where large spot-induced foveal:
damage produced long-term loss in visual acuity that required at least six:
months for recovery, and longer term residual loss in color vision (4,8).:
‘In the present experiment, while portions of the fovea may be damaged, the
’long term effects are either non-existent or difficult to measure, perhaps:
‘- »requiring more sensitive spectral measurement(4,8). Nevertheless, obvious.
o ‘lesions were produced in and around the fovea. The possibilities that

3 »foveal receptive fields are larger or more dynamic than originally
) ;conceived (9,10) or normal foveal function can be maintained by the
{ "spared” foveal areas are suggested as explanatory factors.

N e

B

These results have significant implications for lasers on the modern
ibattlefield. We have shown that minimal spot laser exposure can affect. .
i1iminal spatial visual function, as well as foveal retinal tissue.
!Tactically, a compromise in the ability to resolve fine spatial detail in
low contrast ground environments may produce an immediate field casualty.’
Subtle changes in lighting conditions as occur at dawn or dusk, in target
reflections and glare, contribute to altering subtle contrast and fine
spatial detail required in any complex target acquisition task. Under such
conditions, a small induced change in minimal spatial resolution threshold
or contrast threshold could result in failure to acquire a critical target.

iOn the other hand , many military scenarios require acquisition of high
. rcontrast targets where the requirement for the resolution of fine spatial

7detail is less stringent. Such situations could be affected to a lesser

degree by point source flashes(11), although alteration of retinal foveal
PAMP - 'tiasue is still as likely as in the above military scenario.
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— He have shown that laser flash exposure can produce significant changes:

A M g in fine spatial vision and that such effects can be produced with small
a spot retinal flashes that are likely from highly collimated fielded laser 1
systems. These effects may produce injury to the retina as well as i
DoriTad transient loss in fine spatial detail and alteration of normal contrast
4ge Lvpe requirements for optimal target acquisition functions. Such transient.
“tleowi | effects may, therefore, interfere with mission completion as well as having
oy ore” unknown long term consequences for normal foveal vision. These effects
‘represent a potentially serious Army field hazard regarding both present

-ugr_wf —+ ‘and near term development of Army laser systems.
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In conducting this research, the investigators adhered to the "Guide 1

.for Laboratory Animal Facilities and Care”, as promulgated by the Committee:

line ‘on the Guide for Laboratory Animal Facilities and Care of the Institute of

—» Laboratory Animal Resources, National Academy of Sciences- National
Research Council.

[
(3
§ oo
3

SadaAk i 2 i arbi

Sty

TAMP
swngrading/ \
~elassifi-
stion

v first ) STAR Tecurity Classification
K LT lJ. )
ner onLy < - R

el .

sformation : : !
: 3

:

¥

Y

gt




_#ZWICK, BLOOM, LUND, BEATRICE

REFERENCES

l. Proceedings of Conference on Combat ocular Problems, Letterman Army
Institute of Research, ( Zeatrice,E.S.) , 1980.

doe tvpe 2. Stuck, B.E., Lund, D.J., and Beatrice, E.S.: Another look at the
Do ocular hazards from military lasers. In: Proceedings of the 1981 Annual

e s Scientific Meeting of the Aerospace Wedical Association, 1981, 224-225.

uthm —i= 3, Gibbons, W.D. and Allen, R.G.: Retinal damage from suprathreshold Q-
Jiliaeiv. switch laser exposure. Health Physies. 1978, 35 461-469. '
v, State ! -

4. Zwick, H. Bedell, R.B. and Bloom K.: Spectral and visual deficits:
.associated with laser irradiation. Mod. Prob. Ophthalmol. 1974, 13,
sz llne 299-306.
—
‘5. Robbins, D.0.,Zwick,H. and Holst, G.C.: A method for producing foveal:
.retinal exposures in an awake, task-oriented rhesus monkey. Behav. Res.
Meth. Instr. 1973, 5, 457-461.

e R 1 3| e S, T PRER oa TAY  MTNS PPINONIIPR L o oy T % v

‘6, Bloom K.R. and Zwick, H.: Rhesus spectral acuity for static and
‘moving targets. Presidio of San Francisco, CA.:Letterman Army Institute of
Research, 1979, Technical Note No. 79-9TN.

!'7. Dixon, W.J. and Massey, F.J. : Introduction to statistical analysis..
iNew York: McGraw~-Hill, 1957. :

;8. Robbins,D.0., Zwick,H. and Haenlein,M.: Changes in spectral acuity
following laser radiation. In: Proceedings of the Human factors Society.
11980, 24,162-166. :
9. Kelly, D.H.: Photopic contrast sensitivity without foveal v:is:lon.j
‘Optics Letters. 1978, 2, 79-81. ;
i10. Zwick,H., Robbins, D.0., and Knepp, A.: Changes in tectal spectral
'sensitivity and receptive field organization following coherent light
}exposure. Color Vision Deficiencies 1980, 5,151-156. . E

1

;11. Callin, G.D., Devine, J.V. and Garcia, P.: Visual compensatory
'tracking performance after exposure to flashblinding pulses: IT Sub-
‘damage threshold laser irradiation of rhesus monkey subjects. SAM-TR-81 -'7,
J1981. Brooks Air Force Base, USAF School of Aerospace Medicine. :

TAMP
wngrading/
welassiii-
tian
Jformation




