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ABSTRACT

We describe two cases of parafoveal Q-switched laser
retinal injuries which illustrate the variability of the
processes set in motion by retinal laser injuries. The
first case demonstrates that a parafoveal lesion may
cause an immediate degradation in visual functions which
may recovPr sp tanno:-'y Lu almost normal levels. In
the second, multiple parafoveal exposure sites produced
a central retinal scar at the parafoveal lesion sites and
resulted in retinal traction over an extensive region of
the retina with local retinal hole formation at the edge
of the central scar. A central arucate absolute scotoma
appeared shortly after exposure. The central scotoma, as
well as visual acuity, stationary and dynamic contrast
sensitivity functions were permanently altered. No
treatment presently exists to alleviate or minimize the
effects of this retinal scarring process.
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TWO INFORMATIVE CASES OF Q-SWITCHED LASER EYE INJURY --
H. Zwick, B. E. Stuck, D. Gagliano, V. C. Parmley, J.
Lund, J. Molchany, J. J. Kearney, M. Belkin

Introduction

The damage to vision caused by laser exposure of the
retina depends primarily on the aruvunt of energy absorbed
in the eye - the higher the energy, the higher the damage
(1,2,3,4). However, the locat Dn of the lesion is just
as important. Foveal or parafoveal lesions may reduce
visual performance, while lesions of the peripheral
retina might go unnoticed if significant hemorrhage does
not occur.

The pathogenesis of foveal and parafoveal lesions
depends on the body's reaction as well. The immediate
effect is a decline in visual function which may occur as
a result of direct destruction of foveal photoreceptors
or associated neural pathways by the laser radiation.
Foveal involvement in the inflammatory process and
retinal edema spreading from parafoveal lesions, or by
retinal, preretinal, or vitreous hemorrhage represent
another immediate retinal damage process from laser
exposure. The long-term effects of the injury depend on
the retinal healing processes which determine whether
the inflammation will resolve with restoration of the
photoreceptor mosaic or whether the scarring process will
prevent recovery of visual functions.

We describe two cases of parafoveal retinal injuries
which illustrate the variability of the processes set in
motion by retinal laser injuries.

The first case demonstrates that a parafoveal lesion
may cause an immediate degradation in visual functions
which may recover spontaneously to almost normal levels.
The other case demonstrates that the scarring process
triggered by the parafoveal lesions can be detrimental to
visual recovery.

Animal investigations (5,6,7,8) involving foveal
damage have often revealed recovery from severe deficits
in visual acuity. Such recovery requires from 1 to 6
months after exposure depending on the extent of foveal
damage. Studies in which the entire fovea has been
destroyed require the longest periods of recovery. On the
other hand, studies involving minimal spot threshold
damage exposures may require 20 minutes for recovery,
although repetitive exposure often results in delayed
permanent change in spatial visual function (4,9). Some
investigators have suggested that the retinal capacity
for recovering visual acuity riay involve passive or
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active foveal photoreceptor realignment and movement to
reestablish both the density of the foveal receptor
matrix and its orientation toward the pupillary plane.
Although the retinal receptor mosaic may appear near
normal in receptor matrix density, the spectral
sensitivity of the foveal area might remain significantly
altered because damaged foveal receptors may be replaced
with parafoveal photoreceptor elements which are
functional, but which have different photopigments (7).

Recent human laser eye accidents point to retinal
complications secondary to the insult itself. The
complications might delay or further impede visual acuity
recovery. Such effects may counter passive or active
movemenL of photoreceptors so that foveal repopulation is
retarded or halted. Scarring processes such as the
development of mazular pucker or retinal traction bands
emanating from the lesion may represent such a secondary
mechanism. In one case, accidental foveal exposure to a
single infrared Q-switched laser pulse was associated
with development of macular pucker (i.e. retinal traction
bands) noticed 1 month after exposure. Visual acuity
initially recovered, but with the onset of pucker, it
decreased to 6/60 (10) . Similarly, macular pucker
developed 4 months after multiple parafoveal exposure
from a Q-switched repetitively pulsed neodymium laser
source (11) . Visual acuity in this case measured over a
1 year time period remained at 20/40 even though all
exposure sites were parafoveal. Retinal traction in both
these cases may have retarded or halted passive movement
of parafoveal receptors thereby adversely affecting the
visual acuity recovery process described above.
Furthermore, in both these cases concern was raised
regarding subsequent development of retinal holes that
might be produced by the traction forces associated with
central scar formation (10,11) . While retinal holes have
been reported in association with vitreous nemorrhage
(1), they have not been previously reported in
association with retinal scarring.

Methods:
The two patients were interviewed to obtain their

descriptions of the accidents and were evaluated by
ophthalmoscopy, fluorescein (case 2 only), Snellen visual
acuity, Amsler grid, color vision, dark adaptation,
contrast sensitivity, and electroretinography (ERG) . The
Amsler grid was used to map the absolute changes in the
central visual fields. The area of the absolute scotoma
was digitized using a Delta Technologies Image Processing
system. Color vision testing consisted of monocular test-
ing with Ishihara plates and the Farnsworth-Munsell 100-
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Hue test. Spectral dark adaptation was measured by an LED
dark adaptometer using long and intermediate wavelength
LED sources for either foveal or parafoveal adaptation
(12,13). Two contrast sensitivity tests were
administered: the Nicolet CS2000 and the Neuroscientific
contrast sensitivity test. Both these tests used the
CS2000 video monitor. The CS2000 test was run under
normal room illumination (100 nits) . The neuroscientific
test was run in ambient illumination (10 nits) . The
CS2000 provided stationary measurements of contrast
sensitivity, whereas, both stationary and 8 Hz temporally
modulated contrast sensitivity (dynamic) were measured
for the Neuroscientific test. Measurements of the ERG
were made under both light and dark adapted conditions.
Light adaptation was achieved by 15 minute hemispheric
exposure at 40 cd/m2. ERG waveforms were evoked at four
flash intensities ranging from 0.07 to 0.18
microjoules/cm 2. Photopic flash stimuli were flickered at
5 Hz.

Figure 1. Case 1 at 5 weeks postexpo3ure
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Results

Case 1. The right eye of this 29 year old individual
was accidentally exposed to a single 5mJ (estimated) Q-
switched Nd:YAG laser. The beam was centered on a point
half a disc diameter superior to his fovea. The patient
reported an immediate and very significant reduction in
the visual acuity of this eye. The left eye was
unaffected. When we examined the individual 5 weeks
later, visual acuity of the injured eye was 6/15 (20/50)
Ophthalmoscopy (Fig 1) revealed a minute dark lesion
surrounded by a pale halo which was in turn surrounded by
an oval, hyper-pigmented zone which included the fovea.
Over ten weeks of observation without treatment the
visual acuity recovered to 6/7.5 (20/25) while no change
in ophthalmoscopic appearance occurred. The small (1.50)
scotoma which the individual had perceived above the
point of fixation disappeared at his last examination.

Measurement of color vision, spectral dark adapta-
tion, and ERG were all within normal range. Contrast
sensitivity measured in the unexposed eye relative to
the exposed eye is shown in Figure 2. Loss in contrast
sensitivity is greater for the higher spatial
frequencies. A postexposure shift in peak stationary
contrast sensitivity from 6 to 4 Hz/degree is apparent.

300
+

+
250 + +std

200 + . Mean OS

" 150 + ••-std

100 . • + +std

50 . . . . . . .. + Mean OD05O

0 1 1 1 1 1 1 4-std

0.5 1 3 6 11.4 228

Spatial Frequency (cydes/deg)
Figure 2. Stationary Contrast Sensitivity Case 1. (OS vs
OD).
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Recovery in contrast sensitivity over a 65 day
postexposure period is shown in Figure 3. Although both
eyes increased in sensitivity during this period, the
difference in contrast sensitivity between eyes decreased
as well.

300

250 . . .. . . . . . . OS

200 . OD

Cn 150

100

50

0-
18 20 22 65

Figure 3. Recovery of contrast sensitivity at 3 Hz/deg
for case 1.

Amsler grid measurements made 5 weeks postexposure
revealed a small parafoveal scotoma (Fia 4).
Approximately two months later this scotoma had reduced
in size and was no longer measurable on the Amsler grid,
although a small paracentral disturbance was still
reported by the patient.

fI I T II

" I IIM II11
Figure 4. Amsler grid parafoveal scotoma Case 1.
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Case 2. This 19 year old patient accidentally
exposed himself to at least 4 ND:YAG laser pulses of 5 mJ
(estimated) per pulse from a military hand held laser
rangefinder. (The patient had limited experience with
this type of laser and apparently was unaware that its
infrared laser emission was outside of the visible
range.) Exposure caused an immediate reduction in visual
acuity. On examination by an ophthalmologist one day
following exposure, two severe, one moderate, and one or
two minor retinal burns were found. The two intense
burns were located approximately 0.5 mm from the fovea,
and the others were further away. The intpnse lesions had
the appearance of a retinal explosion from within, and
formation of central retinal holes surrounded by four
retinal flaps (Figure 5a) . The two major lesions and one
moderate lesion were amid a wide zone of deep retinal
edema with the fovea in its center.

Figure 5a. Case 2- Five days postexposure.
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Figure 5b. Fluorescein angiography five days
postexposure.

Fluorescein angiography, performed 5 days after the
accident (Fig 5b), demarcated three lesions, each sur-
rounded by a well circumscribed zone of deep edema, about
a disc diameter in size. This edematous zone blocked the
choroidal fluorescence, while the area immediately around
the center of the lesion exhibited autofluorescence which
appeared early in the injection. The edematous zones were
confluent and involved the foveal area.

Extensive scarring activity ensued in the posterior
pole of the injured eye. As early as two weeks after the
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Figure 5c Two weeks postexposure.

injury (Fig 5c) both deep burns were scarred with their
holes sealed. The scar extended between the two lesions,
over the fovea, and into the surrounding retina. The
scarring continued unabated and one month after the in-
jury, a thick, pigmented, lobulated scar covered the
central part of the posterior pole, including the foveal
area. Contraction of the scar created retinal holes at
the tips of the scar's lobules and traction lines
appeared radially around the lesions (Fig 5d).

Visual acuity examined during the first week and
thereafter measured at least 20/200 using eccentric view-
ing. Visual acuity was not measurable when the patient
was asked to view the acuity chart with central vision.

Amsler grid measurements made during the first 6
months postexposure showed a large arcuate scotoma that
decreased in size by nearly one-half during this time
with intermittent appearance of fragment scotomas away
from the central scar (Fig 6) . This absolute scotoma was
surrounded by a region of relative scotoma extending
through most of the visual field.
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Figure 5d. One month postexposure.
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Figure 6. Amsler grid measurements Case 2
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Measurements of color vision using the Farnsworth
100-Hue test revealed extensive loss in color
discrimination with a noisy red-green axis. If fixation
requirements were relaxed, the patient could identify the
color of the chips or dots in both this test and the
Ishihara color plate test. It appeared that he had nearly
normal color vision when allowed to use a region of his
visual field that was not obscured by the absolute
scotoma.

Similarly, the central scotoma affected measurements
of central dark adaptation to a greater degree than those
measurements taken in the peripheral retina. Central
retinal measurements were consistently more than two
standard deviations above the norm whereas peripherally
determined measurements were within normal limits and
reflected the normal peripheral relationships between red
and greer LED test sources (11,12).

The results of stationary contrast sensitivity meas-
urements are shown in Figure 7. Horizontal bars
represent the standard deviation about the mean
sensitivity for each spatial frequency. This patient, as
was the case with the first patient, shows a shift in
contrast sensitivity from a peak at six cycles per degree
to four cycles per degree. Unlike the first patient, the
second patient shows significant loss in contrast
sensitivity over the entire range of spatial frequencies
tested.

Comparison of stationary and dynamic contrast sensi-
tivity measurements reveals a differential spatial fre-
quency sensitivity l.ss between the eyes. The stationary
contrast sensitivity of the affected eye is reduced and
shifted toward the lower spatial frequencies. The
maximum difference between the eyes occurs at three and
four cycles per degree (Fig 8a). For dynamic contrast
sensitivity, the maximum difference occurs at the lowest
spatial frequency, one cycle per degree (Fig 8b). Figure
9 shows the maximum difference sensitivity between the
eyes for both the stationary and the dynamic contrast
sensitivity tests. A 3-way analysis of variance shows
a significant interaction of eye, test type (stationary
vs dynamic), and spatial frequency (p<.01). A least
squares difference test on these data indicates that the
interaction of eye vs spatial frequency is differentially
affected for stationary vs dynamic contrast sensitivity
test spatial frequencies.
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Figure 7. Stationary contrast sensitivity - Case 2 (OS vs
OD)
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Figure 8a Stationary contrast sensitivity - Case 2
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Figure 8b Dynamic Contrast sensitivity - case 2
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Figure 9 Maximum difference sensitivity between eyes for
stationary and dynamic contrast sensitivity.
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Figure 10 Contrast sensitivity recovery -Case 2.

In Figure 10, stationary contrast sensitivity (Nico-
let) shows little or no recovery during approximately 7
months of postexposure testing at three cycles per
degree. Comparable recovery functions were obtained for
all spatial frequencies measured in the stationary
contrast sensitivity test.

Electroretinographic measurements revealed
alteration in scotopic function in the exposed eye
relative to the unexposed eye. As test light intensity
increased, the difference between the two eyes (ratio)
decreased from 0.82 to 0.42. Photopic ERG measurements
showed no difference between eyes.

Further retinal changes and visual function
deterioration occurred between 10 and 14 months after
exposure. The central retinal scar became deeply
pigmented and contracted (Fig 11) . All the retinal holes
but one healed and the remaining one did not enlarge.
The relative scotoma region surrounding the absolute
scotoma darkened and was accompanied by a reduced
tolerance for central glare in the affected eye.
Photophobic reactions were commonly observed in bright
daytime light or clinical light sources.
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Figure 11. Retina Case 2 10-14 months postexposure.

Discussion

We have described two accidental laser exposure
cases that illustrate simple and more complex variations
of parafoveal retinal damage effects on visual function.
In the first case, a single parafoveal exposure from a Q-
switched neodymium laser rangefinder produced immediate
loss of central vision. An immediate and central
relative scotoma was described by this patient, even
though the lesion was half a disc diameter from the
fovea. This may be the first well-documented report of a
parafoveal lesion inducing visual acuity loss in the
absence of acute secondary complications such as
hemorrhage, scarring, and retinal traction (1,2,3).

Several explanations might be offered for the
effects of parafoveal damage on visual acuity reduction.
First, the ensuing edema might have spread sufficiently
to encompass the foveal region. However, the patient
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reported that a concentric scotoma centrally located in
the visual field appeared and became absolute within 24
hours. If fluid leakage alone were involved, one would
expect this concentric scotoma to be located off the
visual axis and appearing slightly eccentric to the
center of the visual field.

Alternatively, foveal photoreceptors might have been
damaged without alteration in ophthalmoscopic appearance.
Adams, Beatrice, and Bedell (14) demonstrated that outer-
segment photoreceptor alteration, disorientation of
outersegment lamelli, could be disrupted by a Q-switched
Ruby laser exposure not sufficient to produce
ophthalmoscopically visible retinal alterations. Again,
one might expect that this effect would be concentric
around the parafoveal lesion site. No evidence of serious
peripheral functional alteration was found in case 1,
although significant low frequency contrast sensitivity
loss was obtained in case 2. In case 1, however,
contrast sensitivity losses were restricted mainly to
high spatial frequencies.

More subtle factors might have been involved. Damage
to the normal orientation of parafoveal photoreceptors
might have induced mechanical or neural change in the
communication which normally exists between foveal and
parafoveal photoreceptors. It is possible that the
immediate, temporary reduction in visual function was a
result of all of these mechanisms.

The second case of accidental parafoveal exposures
was complicated by the multiple damage sites induced by
laser exposure. Visual function failed to recover. This
failure was evidence of continuing deterioration 14
months after the injury.

Failure to recover in case 2 was due to both the
extent of central retinal damage as well as the formation
of retinal scars radiating from the central lesions.
Spatial vision loss was severe and distributed over the
entire spatial frequency spectrum, indicative of
sensitivity dysfunction in both foveal and parafoveal
spatial contrast. Dynamic measures of contrast
sensitivity, which normally measure peripheral retinal
function, showed maximal low frequency sensitivity loss
in the affected eye. Electrophysiological measurements of
ERG scotopic function suggested peripheral retinal
dysfunction as well. Parafoveal scar tissue has either
replaced or altered the normal orientation of the
photoreceptors, thereby reducing their sensitivity.
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On the other hand, the color vision of this patient
reflects thc basic differences in retinal physiology
between spatial and color vision mechanisms. Spatial
visual function depends less on the presence of
individual receptor types than on the matrix of detector
elements maintained intact with regard to
interphotoreceptor distance and orientation; color vision
requires three qualitatively different receptor systems
with less dependence on the above spacing parameters. It
is likely that sufficient numbers of cone photoreceptors
in the parafoveal regions provided an adequate retinal
color vision system whereas normal photoreceptor packing
and orientation were severely altered, thus causing a
severe loss of spatial visual function in both the
foveal and peripheral retinal regions. Furthermito.e, Lite
rigidity of fibrotic scar tissue was probably a
significant factor in preventing the return of a more
normal photoreceptor orientation and thereby, normal
visual sensitivity.

The formation of retinal holes and their subsequent
reattachment is unique in this case. No such
observations have been noted in any previously reported
laser accident cases, although their occurrence in the
present case was not totally unexpected. The severe
local scarring process in each of the holes provided
local "welds" that prevented more extensive retinal
detachment. Whether such welds reflect the natural course
of such injuries cannot be determined from the present
case, although such scarring processes do occur in other
forms of retinal trauma.

Conclusion

In summary, we have presented two new cases of
laser accidental exposure. The first case demonstrated
that foveal acuity loss can be experienced even if the
exposure is peripheral to the fovea. The mechanism of
this loss is not clear, but could involve edema leakage
from the damaged site, photoreceptor matrix disturbance,
photoreceptor outersegment alteration, and mechanical
modulation of the foveal receptor orientation via
parafoveal injury. Case 2 involves similar processes,
but is additionally complicated by central retinal scar
formation and retinal traction. These scarring
mechanisms probably prevented recovery. The functional
consequence of the scarring is reflected in low spatial
frequency loss observed in contrast sensitivity measured
for stationary and dynamic contrast sensitivity tests as
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well as peripheral ERG. The natural course of such hole
formation is unclear at the present time, but under the
present circumstances healing occurred via the scarring
over of these holes.

Development of future drug therapies (15) for such
laser injury should include morphological and functional
endpoints which evaluate primate retinal damage models
for both the inflammatory and the scarring processes.
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