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ARSTRACT

l.aser retinal injury poses a grave threat to military personnel,
Botn irreversible damage witnh potential lifelong visual disability and
reversible injury witn immediate interference wnen critical visual
demands are needed can occur. lLaser retinal lesions can be graded
opntnalmoscopically: GRADR T - retinal edema; GRADE 7T - retinal
necrosis (coagulation); GRADT TIT - retinal nemorrnage; GRADF TV -
vitreous nemorrnage and/or retinal nole formation., All 7?3 medically
reported cases of laser retinal injury show tnat acute visual effects
and permanence of visual disability are directly correlated with
increasing grade of injury and closeness of lesion to tne fovea,
Laser protective eyewear gives protection only from specific
wavelengtn(s) of laser radiation.
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PREFACE

This document, Laser Retinal Injury, is published as a separate
Institute Report to offer a wider dissemination of the grading scale
for retinal laser injuries (i.e. Wolfe's Grades) and a summary of all
medically reported cases of all dental laser retinal injuries (23 to
date). A version of the report was formerly included in Wolfe JS. La-
ser exposure of the human foveomacular retina and its effect on vision.
In: Beatrice ES, Penetar DM (eds). Handbook of laser bloeffects as-
sessment: bioeffects data (Vol 1). Presidio of San Francisco, CA:
Letterman Army Institute of Research. 1984;3-37. Another version of
the report has been submitted for publication in the open literature.

Dr. Wolfe is currently a Staff Ophthalmologist at the Phoenix Indian
Medical Center, 4212 N. lé6th Street, Phoenix, AZ, 85016.

ACKNOWLEDGMENTS

David J. Land, Brace F. Stuck, and CPU David M. Penctar,. Phb, MSC,
provided technical and editorial support. Lottic B. Applewhite assured
that each version of this document fulfilled the publication requird-
ments.  Angela Stanislao provided scercetarial assistance.,




TARLE NE CONTENTS

PAGF

Abstract

Preface. . oiecscaresossssossscssscsasssenssosnosaasoosaaracasanesaneslil
Table of CONTENES ..iieiiieireenaneaassnsnsasacssassosessassenasasalil
RADY OF REPORT
TNTROADICTORY PARAGRAPHS |, .iiuveeevsonosenssscoosocescansssacanal
GRADFS OF LASER RETTMAL "NJURY ..ueeiecevevnancssnsncovsancnssansl

ACCIDENTAL LASER RETTINAL THWJNURY

.‘OI..Il.....'.....l....'.......5

CONCLUSTONS AND RECOMMENDATTONS

REFERENCES

PR I I R R S R R O I R R R I N N N A N A W A A I I I N I Y -9

APPENDTX

ST |

OFFICTAL PISTRYRUTTION LTST

....... PP &

Wolfe--iii




—— vv'-y. ——
o PR

.-
[ RS

1>

RSN LRaYa AN S Y A ey i
M fe LT Ye T e e T . e S T o e Y . e e T

Wolfe~-1

LASFR RFTIMAL TMJYRY

Tne risk of ocular injury from laser exposure on tne modern
battlefield is a realistic possibility. Lasers are currently being
used as target rangefinders, designators and illuminators, as
simulators of live fire in training (MTLES), and in laser-assisted
radars and communication devices, fperators of these systems may be
inadvertently exposed, Additional tnreat of exposure exists from the
potential utilization of laser energy in offensive weaponry,

Tremendous energy fluxes can be produced by lasers; in fact, power
densities many times greater tnan those on the surface of tne sun can
be generated. Tne eye is tne organ most susceptible to laser damage
since radiant energy in tne visible and near infrared spectral region
is transmitted tnrougn tne ocular media onto tne retina., Tne cornea
and lens focus tnis energy upon the retina, concentrating it many
times (1).

Tne visual demands placed on today's soldier are enormous,
Altnougnh tremendous tecnnological advances have been made in military
systems, tnese systems rely neavily on tne operators' hand-eye
coordination and fine visual discrimination, For satisfactory task
performance and mission completeness these visual demands must be met,

Tne likelinood of laser eye injuries on tne battlefield and tneir
capacity to cause acute reduction in vision compels military medical
personnel to become familiar with laser-induced injuries and tne
visual impairments apt to result from tnem, Sucn knowledge is
important to assure prompt ana accurate diagnosis and treatment and to
promote and specify eye protection from lasers of different and
multiple wavelengtns,

Recently, 1 grading scale for laser retinal injury was proposed,
and all medically reported cases of accidenval laser retinal injury
were reviewed (?), Tnese injuries were graded and correlations were
made between grade of injury and acute visual effects, Tne purpose of
this paper is to present tnis grading scale and the range of visual
impairment associated witn tnese injuries, Cases of accidental laser
retinal injury are summarized,

GRAD<S OF LASER RETTNAL TNJURY

Tn 1969, Zweng et al (3) classified retinal lesinns in the rhesus
monkey based on opntnalmoscopic cnanges following increasing exposure
to ruby laser energy. Tneir grading scale was intended to serve as a
guide to tne placement of tnerapeutic laser pnotocoarulation burns of
optimal intensity. Tne classification proposed for numans is a
modification of tnat scale (Table),
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TABLE
Grades of Injury and Visual Acuity following Laser Retinal Injury *

Range of Visual Acuity in Early Pbase after Injury

Grade Opbtbalmoscopic Findings Subgrade A W B
1 Retinal edema 20/15 to 20/25 20/30 o 20/200
|} Retinal necrosis 20/1S o 20/40 20/40 o 20/400
[} Subretinal and/or intraretinal
hemorrhage 20/15 to  20/50 20/100 to 20/400
v Vitreous hemorrhage and/or
full-thickness retinal hole 20/15 to Fcor 20/100 to Fcor
worse worse

A = Extrafoveal iesion; B = Foveal lesion; Fc = Finger counting

Grade T lesions are cnaracterized by retinal edema (Tig 14), Tne
involved retina loses its normal transparency, becomes cloudy, and
takes on a gray-wnite color, but tne orange-red, underlying choroidal
nue is usually still visible, Tn Grade T1 lesions, retinal
coagulation or necrosis is present, and these lesions appear densely
wnite (Fig 1B), obscuring tha underlying cnoroidal color. n
addition, loss of retinal substance, as evidenced by tninning of the
tigsue, may be seen., Grade 17T lesions show nemorrnage, eitner
subretinally or witnin the retina (Tig 1), "ne presence of
nemorrnage usually indicates a break in Rrucn's membrane, between tne
retina and tne cnoroid, allowing blood from the chorcidal vasculature
access under or into the retina. In Grade TV lesions, nemorrnage nas
dissected further into tne vitreous and/or there is a full-tnicknesrc
retinal nole (Fig 1D). Lesions are subclassified, A or B, depending
on location witnin tne retinal topography. Subgrade A are extrafovesal
and Subgrade B are foveal lesions.

Tne range of acute reduction in visual acuity during the early
phase following laser retinal injury is listed in tne Table. Tn
general, tne degree of visual acuity impairment is directly
proportional to tne proximity of tne lesion to the fovea, Foveal
injury (Subgrade R, Table) can result in pronounced reduction in
acuity, even wnen tne injury is not severe. By contrast, extrafoveal
injury (Subgrade A, Table) may cause little or no effect on acuity
unless tnere is spread of edema into tne fovea or bleeding into tne
vitreous involving the visual axis. However, extrafoveal lesions may
cause a variety of visual field defects wnicn may be disturbing even
thougn they do not reduce visual acuity. Tn addition, a nemorrnagic
extrafoveal lesion, wnich may go unnoticed at tne time of injury
because tne blood remained contained within tne retina or within tne
vitreous but outside tne visual axis, could cause a profound loss of
vision if later on tne blood dissected its way int»n the visual axis
(),




Figuye 1A,B.
®. Laser retinal lesions in
2 rhesus monkey.

" Figure 1A (above).

. Row of Grade I lesions
" just outside fovea show-
ing retinal edema.

Figure 1B (left).

y Grade Il lesion inside
fovea with dense center
of retinal necrosis and
surrounding zone of

{gp :3'?* retinal edema.

-continued-
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Figure 1C (above).
Grade I lesion at
edge of fovea with
subretinal and in-
traretinal hemor-
rhage.

“Figure 1D (right).
Grade IV lesion in-
side fovea with
stream of hemor-
rhage into vitreous.
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[ ACCIDENTAL LASER RETINAL INJURY

Since the first reported case of accidental laser retinal injury
by Ratnkey in 1965 (5), an additional 22 cases have appeared in the
world's medical literature. The details of these 23 injuries are
tabulated in the Appendix. Where information was sufficient, estimated
exposure doses were compared to the wavelengtn appropriate EDSO'
levels for minimal retinal lesion in the rhesus monkey, and also to
- the appropriate maximum permissible exposures (MPE). The ratios of
: the exposure doses (E) estimated for these accident cases to tne EDg
r (i.e.RED50 = E/gpgg) and to the MPE (i.e. RMPE = E/ypp) are given ?h

the Appendix.

Mineteen of 23 patients (82.6%) reported immediate visual
disturbances ranging from minimal blurring to dense blind spots. One
patient reported loss of all vision for 1 to 2 min (6). Five of the
19 patients (26.3%) reported additional immediate symptomatology of a -
nonvisual nature, such as pain and audible sensations. These .
nonvisual symptoms occurred in association with severe injury (all
five were Grade 1IV).

Seven of 21 patients (33.3%) were examined the same day as the
injury, one was seen "immediately” (7) and another 20 min later (5), —
and 15 of them (71.4%) were seen by the next day. Seven (33.3%) had -
visual acuity reduced to 20/200 or worse wnen first examined; one had
bilateral reduction to 20/200 (8)., Twelve (57%) nad visual acuity no
better than 20/100. When first examined, 22 of 23 (95.6%) nad a
visual field defect, ranging from a central blur on Amsler grid to
large absolute central scotomata, Sixteen of the patients (69.5%) nad .
retinal nemorrhages and eignt (34.7%) nad vitreous hemorrnages (Fig -
2). Fignt (34.7%) formed retinal holes,

Fifteen out of 22 eyes (68%) with reduced vision when first
examined showed improvement several days to several months later.
. Most of the eyes wnich did not improve had macular hole formation (Fig
3). One patient developed macular pucker with foveal involvement as a --
late complication which caused further loss of vision (11), '

Nine cases (39%) nad either vitreous hemorrhage or retinal hole
formation, six of which had both, It is logical that these should
occur together. Since the source of the vitreous hemorrhage is
usually the choroldal vasculature, a retinal disruption would be -
needed for blood to get into the vitreous. Of these nine cases, all
involved a pulsed mode of laser energy delivery witn pulse durations
in the nanosecond range. This correlates with the theory of retinal
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Figure 2 (above). Day of laser injury. Commotio retinae with preretinal and vitreous
hemorrhage. Grade IVB. Reproduced with permission from Boldrey et al (17).

Figure 3 (below). Same case as Fig. 2, three months after laser injury. Foveal hole with
edge detachment. Grade IVB. Reproduced with permission from Boldrey et al (17).
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damage from acoustic shock waves in tne very snort (nsec) pulse range
causing explosive tissue injury (12, 13). Tntermediate (msec to 10
sec) exposures produce mainly tnermal effects (13, 14) and long
(greater tnan 10 sec) exposures result in pnotocnemical damage (14).

Tn tne right-nand column of each page (Appendix), the grade or
retinal injury is listed. Of tne 24 injured eyes, all but two (15)
could be graded. Half (11 of 22) of these were in tne most severe
(Grade 1Y) category, and nearly tnree-fourths {16 of 22) were Grade
17T or worse. Foveal (Subgrade R) injuries outnumbered extrafoveal
injuries by more than two to one. All foveal injuries except one (6)
received medical attention within one day of the injury, This is
understandable owing to the more severe visual symptomatology
associated witn foveal lesions, All but one injury (8) were
unilateral and occurred at close ranges, Yrequently nistories
revealed tnat tne exposures took place during performance of some
alignment procedure, Tnis accounts for the nignh incidence of foveal
injuries. Case 19 (%) is particularly notewortny in that the patient
sustained bilateral retinal injury wnen exposed at a distance of 350
meters from tne laser, Tniftially, tne visual scuity was reduced to
20/200 in eacn eye. Tne worse eye remained at 20/20N witn a foveal
retinal nole, wnile tne better eye nad improved to 2n/?0 when examined
3 montns after injury.

Mone of the authors (5-%, 11, 15-23) mentioned tnat tne patient -
nad (or nad not) been wearing laser protective safety goggles wnen the -
laser injury occurred (Appendix). foggles are nelpful if tney protect ’
against tne specific laser wavelengtn; if tney do not protect against -
the wavelengtn to wnicn one's eye is exposed, an injury will occur. o
For example, a pnysicist was operating a Q-switcned neodymium laser ]
witn a Raman cell. 'le was wearing laser goggles wnicn gave nim -
specific protection for neodymium (1064 nm) and frequency-doubled -
neodymium (532 nm) wnen ne was exposed to the laser beam wnich nad
been frequency-snifred by tne Raman cell to 777 nm, 7'n spite of tne
laser goggles, ne sustained an injury to tne parafoveal retina of tne
left eye. His visual acuity was 21/50 wnen ne was examined U4 days
later, and it gradually improved to about 20/25 over a few weeks time
(M. Santangelo, "D, personal communication, 1982),

“nere are several cnaractreristics of these patients wnicn make
them particularly interesting from a military perspective, Most of
tnem were engaged in some fine visual task wnen exposed. Tn tnose
cases wnere sex was specified, all except one (6) were male., They
were young (mean age, 74,6 years), Tnis compares favorabhly to thne
Army wnere 90%7 of enlisted personnel are males, and wnere tne average
age of enlisted forces is 2?6 years (letter, 1.,S. Army *ilitary
Personnel Center, 10 June 1983), Tn tne reported cases, 22 of thne
patients were wnite, one was Oriental (7). However, nonwnites may be
more susceptible to retinal laser damage because of increased energy
absorption by melanin in tne more neavily pigmented retinal pigment
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epithelium and choroid (24), ‘“onwhites comprise over HA% of tne
Army's enlisted personnel (letter, :ISAMPT, 10 June 1983),

Appendix snows inat all reported cases of accidental laser
exposure nad opntnalmoscopic findings ccrrelating with rednction in
visual function as measured clinically ’i.e, visual acuity and visval
field testing). Tnere are no reports in tne literature of alleged
accidental laser exposures where there is a reduction in vision trat
is not explainea by an opntnalmoscopically detvectable lesion. That is
not to say, nowever, tnat tnis could not nappen., Animal data nave
snown alterations in visual function, some long-lasting, occurrine
after foveal exposure to laser radiation below tre tnreshold for
minimal detectable opntnalmoscopic lesions (25-27)., Furtnermore, cur
current clinical metnods of measuring visual function may not be
sensitive or specific enougn to detect changes in function at low
levels of exposure, Wecent laboratory evidence in primates indicates
trat cnanges in spectral acuity occur before any cnange is found in
acnrorn>vic (i.e, black-against wnite) acuity following foveal expasure
to low level laser radiation (25, 26). Contras* sensitivity, stati-
perimetry, and dark adaptome‘ry (especially including retinal profiie
analysis) may be better metnods to assess thne function of the
peripneral retina, wnen peripneral retinal laser exposure is
suspected. Potential problems may arise for tne military on two
accounts, First, exposure of personnel performing critical visual
tasks to low level laser radiation could interfere with task
performance and satisfactory mission accomplisnment, Second, medical
personnel may nave difficulty determining wnen visual functional
impairments unassociated witn opntnaimoscopic findings were actuaily
caused by low level laser exposure. Compounding tne problem mnay be
the discovery of fundus lesions resembling laser lesions in those
personnel at risk to laser exposure wno are undergoing routine or
unrelated pnysical examination.

CONCLUSTONS AND RECOMMENMDATTOMS

Tne soldier is especially vulnerable to sustaining a laser injury.
Military pnysicians need to increase tneir awareness »f tnis potential
injury and to become familiar witn its manjifestations, More
sensitive and selective clinical tests must be devised to determine
the presence of low level laser injuries wnich may occur bhefore
opntnalmoscopicaliy detectable lesions develop. “ilitary
opntnalmologists nave a responsihility to investigate tnerapeutic
modalities tnat will offer a betrver nprognosis and a faster recovery
from laser injuries. "urtnermore, ard equally iwmportant, we must
advocate and support efforts to develop bhetrer provective eyewear to
prevent tnese injuries,

e e B —
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