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Evaluation of Retinal Toxicity:
Functional and Practical Problems
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Evaluation of Ocular Trauma, Opaque Media

G. F. A. Harding

All opacities of the media present the ophthalmolo-
gist with an obscured view of the retina of the eye.
The degree of loss can be assessed by psychophysi-
cal methods of varying types ranging from simple
acuity measures (Snellen chart) to more complex
measures of the effect of glare (contrast sensitivity
function). The opacity of the media certainly affects
the pattern evoked visual potential (VEP) where
even less slight opacities delay the P100 component
of the VEP to smaller check sizes (20 minutes or
less).!?

It is not in the area of assessment of opacity, how-
ever, that electrophysiology makes its contribution.
It is in assessment of the function of the retina, optic
nerve, optic tract, and visual cortex behind opacities
of the media. The concern of the ophthalmologist is
whether the opacity provides the sole reason for the
reduction in vision or whether there are coexisting
retinal and neural problems. From this point of
view, therefore, the role of electrophysiology is in
prognosis, that is, indicating to the surgeon the likely
outcome following the removal of the opacity. The
most common opacities are opacities of the lenses
(cataract) or opacities of the aqueous or vitreous hu-
mor, which are often produced by blood.

Most electrodiagnostic studies have concentrated
on assessment of function behind a dense cataract.
The earliest study is that of Copenhaver and Perry,’
who showed a reduction in the amplitude of the
flash VEP in patients with opacities of the lens. Al-
though the reduction in amplitude correlation did
not reach statistical significance, Ebe et al.” investi-
gated five eyes with cataracts and demonstrated that
patients with normal preoperative flash VEPs had
postoperatively normal retinal function and visual
acuity. In one of the five eyes the electroretinogram

(ERG) was abnormal preoperatively. This insensitiv-
ity of the flash VEP to density of the cataracts is es-
sential for an accurate assessment of retinal and neu-
ral function. It is somewhat surprising that the VEP
is a better predictor of postoperative vision than the
ERG is. In part this may be due to the opaque lens
acting as an almost perfect light diffuser producing
total retinal illumination and a supranormal re-
sponse.* However, the use of red stimulation ap-
pears to have a better prognostic value, a normal
amplitude, waveform, and oscillatory potential of
the ERG being a positive prognostic indicator.> If the
amplitude of the ERG is maintained, 92% of patients
achieve a visual acuity of 6/5. However, patients
with a reduced-amplitude b-wave do not usually
achieve this vision, although surprisingly 22% do."®
In a study of 20 eyes with mature cataracts Tsi-
napoulos et al.'” found that 16 had normal ERGs.
The three patients who had reduced b-wave ampli-
tude had postoperative visual acuities of 3/36, and
one patient with a markedly reduced b-wave had a
postoperative vision of 6/60.

Since the VEP mirrors the cortical magnification of
central vision in humans to some extent, it is not
surprising that the VEP provides the best correlation
with postoperative visual acuity.'> A number of
studies have confirmed the prognostic value of the
preoperative flash VEP for cataract surgery.> ® 18
Thompson and Harding'® reported a study of the
prognostic value of the VEP in 20 patients who re-
ceived surgery for dense unilateral cataracts. The
VEP was elicited by flash stimulation at two intensi-
ties (68 and 96 nit/sec) by using a conventional stro-
boscope. The VEPs were independently assessed by
the two authors, the response from stimulation of
the affected eye being compared with that obtained
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by stimulation of the normal eye. The responses
were graded in terms of both amplitude and latency
by using a criteria of abnormality of 2 SD from the
normal interocular range, that is, a reduction in am-
plitude of greater than 33% or a delay of more than
12 ms of the major P, component. Grade 1 VEPs
were therefore within normal limits, and grade 2
VEPs showed a reduction in amplitude of more than
33% but less than 50%. In addition, for this latter
grade when the intensity of stimulation was in-
creased to 96 nit/sec, the difference between the two
eyes did not increase. Grade 3 showed a reduction
in amplitude of more than 50% or a delay of 30 ms
or more. When the intensity of stimulation was in-
creased, the VEPs from the affected eye showed a
greater difference in comparison to the unaffected
eye. Of the 14 patients who achieved a postopera-
tive vision of 6/12 or better, 12 had grade 1 VEPs,
and the other 2 patients had grade 2 VEPs but were
over 75 years of age and, in 1 case, certainly showed
senile macular changes in the “good” eye. Of the 6
patients whose postoperative vision was worse than
6/24, 5 had grade 3 VEPs, and the other 1 had grade
2 VEP.

Attempts have been made to use pattern stimula-
tion to assess retinal function. Arden and Sheorey'
applied Green’s'! laser interference fringe technique
to produce pattern VEPs through a cataract. The la-
ser fringes are not degraded by ordinary optical ab-
errations. In a study of this technique on 15 patients
with cataracts and 3 with corneal opacities they
found the VEP reduced or absent in 4 patients, 2 of
them having trauma injuries, 1 having amblyopia,
and 1 with diabetic neuropathy. Obviously the tech-
nique is a complicated one and for this reason has
not been generally followed.

Vitreous hemorrhages from a nontraumatic
source are of course the result of vascular problems.
Thus the ERG will reflect any retinal damage since
the amplitude of the ERG is dependent on the area
of active retina stimulated. It is essential under these
circumstances to use a very bright stimulus of ap-
proximately 10,000 cd/m? (500 nit/sec). Under these
circumstances the ERG has been claimed to be supe-
rior to other tests of retinal function.” In vitreous
hemorrhages associated with diabetic retinopathy
there is of course a reduction in the oscillatory po-
tentials of the ERG and in some cases a reduction
and delay of the b-wave.? Galloway'® proposes that
ERG can differentiate between a variety of condi-
tions producing vitreous hemorrhage. Retinal de-
tachment with vitreous hemorrhage reduces the am-
plitude of the a-wave and b-wave. Central retinal

vein thrombosis with vitreous hemorrhage reduces
the oscillatory waves markedly as well as other com-
ponents of the ERG (Fig 71-1). Eales disease, which
produces dense vitreous hemorrhage with minimal
vascular involvement, gives a normal ERG. The VEP
can be used in a similar manner, but with a bright
flash, to that outlined for assessment of retinal func-
tion behind opaque lenses and has similar prognos-
tic value for vitrectomy.'®

Ocular trauma, particularly that involving pene-
trating wounds to the eye, presents difficult prog-
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FIG 71-1.

ERG recorded binocularly in a patient with central retinal
vein occlusion of the left eye. The two traces at the top of
the figure show the oscillatory potentials recorded when us-
ing a short time constant to remove both the a- and b-wave
of the ERG. It can be seen that all the oscillatory potentials
are markedly reduced from the left eye. The lower two
traces show the ERG recorded from a normal time constant,
and both the a- and b-waves can be seen with superim-
posed oscillatory potentials. It can be seen that these are
reduced or missing from the left eye. (From Harding GFA:
Neurophysiology of vision and its clinical application, in Ed-
wards K, Llewellyn R (eds): Optometry. London, Butter-
worths, 1988; pp 44—60. Used by permission.)



nostic problems for both the ophthalmologist and
electrodiagnostician. Most of the studies that have
been performed have involved the use of both ERG
and VEP. The two techniques are complementary
since the ERG to a diffuse flash gives a measure of
the area of the retina remaining active. The VEP, on
the other hand, accentuates central areas of retinal
function, even to flash stimulation, due to the neural
representation of visual space and, in addition, de-
pends on integrity of the optic nerve, optic tracts,
and cortex. With penetrating wounds to the globe
the retina cannot be observed, and only electrophys-
iological techniques can be satisfactorily used to as-
sess function. These techniques are superior, both to
subjective assessment and to ultrasonography in
terms of their prognostic value.® Ebe et al.” recorded
both the flash ERG and flash VEP in nine patients
with unilateral optic atrophy as a sequela to trauma.
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Although the ERG was usually normal, the flash
VEP paralleled the visual impairment. The VEP was
undetectable in four blind eyes and in one other pa-
tient with grossly impaired visual acuity. In two
other patients with impaired vision the VEP was ab-
normal. Rouher et al."”” confirmed these findings in
17 patients, although they also showed that the ERG
was affected if there was severe retinal disturbance.
If there was a total lesion of the optic nerve, the VEP
was absent, while partial lesions produced a propor-
tional reduction in the VEP. By utilizing colored
stimulation they showed that a reduction in central
vision produced a reduced VEP to white flash, an
abolition of response to red flash, and a normal re-
sponse to blue flash. Peripheral losses gave normal
VEPs to red and white flashes but absent responses
to the blue flash.

A prospective study was performed by Crews et

FIG 71-2.

Visual evoked response in a patient who had suffered
a gunshot wound. The missile had entered the left
side of the head, traversed the left orbit, ricocheted
from the floor of the right orbit, and exited from the
right temple. It can be seen that on flash stimulation of
the right eye no VEP could be recorded from either
cerebral hemisphere. When the left eye was
stimulated, a clear VEP was recorded with a P,
component around 130 ms. It should be noted that the
electroencephalogram seen in the upper eight traces

s Shows slow wave abnormality of the frontal regions.

LEFT
EYE
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al.® on 64 eyes that had suffered recent penetrating
wounds. Both flash ERG and flash VEPs were per-
formed. In each of the eyes following initial recon-
structive surgery the retina was unobservable due to
hemorrhage. It is at this stage that prognostic assess-
ment is most important. The visual potential of an
eye must be set against the risk of leaving the pa-
tient with a blind and painful eye. The decision to
enucleate or not and planning of further reconstruc-
tive surgery is dependent on accurate clinical assess-
ment. In this study the surgeons were not informed
of the electrophysiological findings until after this
initial period and the completion of their clinical as-
sessment. The amplitude of the a- and b-waves from
the injured eye was compared with those of the fel-
low eye or, in the case of bilateral injuries, with pre-
viously established normative values. If the ampli-
tude was 75% or more, the ERG was graded as 1; if
more than 50%, grade 2; if less than 50%, grade 3;
and if absent, grade 4. If the ERG was grade 1 or 2,
73% of the eyes obtained a vision of 6/60 or better
within 1 year of follow-up, 43% reaching 6/12 or bet-
ter. Of the grade 3 and 4 responses, 33 of the 34 eyes
went blind or were enucleated.

Flash VEPs showed similar prognostic value. If
the VEP was reduced by less than 50% or was not
significantly delayed, 67% of eyes achieved a vision
of better than 6/60, over 36% achieving 6/12 or bet-
ter. When the flash VEP was reduced by 50% or
more or was delayed by at least 30 ms, 94% went
blind or were enucleated, only 1 achieving an acuity
better than 6/60. The best results were obtained,
however, by combining the two scores in a simple
additive procedure ERG grade + VEP grade. The
predictive power of this combined score (scores 2 to
4 being a good prognosis and 5 to 8 representing a
bad prognosis) identified 91% of patients with poor
visual outcome and all patients with good outcome.
The failure of total prediction was due to 3 eyes that
had been enucleated during the initial period with
good electrophysiological prognostic signs and were
later all found to have retina in situ. Sixteen of the
21 enucleated eyes were found to have detached ret-
inas, and in all the amplitude of the ERG was less
than 25% of the fellow eye. All but 2 had absent
VEPs, the 2 patients showing markedly reduced and
delayed VEPs.

This complementary technique allows the recog-
nition of traumatic injury to the optic nerve. These
injuries may be produced directly with injury to the
globe or orbit or indirectly by contusion injury to the
eyeball or head. Both types of injury produce similar

results. Babel et al.? reported four patients with optic
nerve trauma, all of whom showed a reduction or
abolition of the VEP. Harding has reported seven
cases of direct and indirect optic nerve trauma.'®*~'°
When utilizing monocular stimulation it was possi-
ble to demonstrate both the sparing of one optic
nerve and the damage to the other in a case of direct
injury from a gunshot wound (Fig 71-2). With indi-
rect optic nerve traumas there is often no sign of
penetrating injury because the damage to the optic
nerve may be produced by a fall or a blow to the
head. The reduction of the P, component of the VEP
appears to parallel the damage to the optic nerve
(Fig 71-3). In all cases of indirect optic nerve trauma
consideration should be given to the possibility of si-
multaneous cortical damage. Harding'® has de-
scribed a case in which a 2-year-old child fell a dis-
tance of 30 m. The ERG was well preserved from
both eyes, but on binocular flash stimulation the
VEP was reduced over the right visual cortex. Mo-
nocular stimulation revealed no response on right
eye stimulation and a similar asymmetry of the VEP
on left eye stimulation to that seen on binocular
stimulation. These findings suggest total indirect op-
tic nerve trauma to the right optic nerve and damage

TRAUMATIC INDIRECT OPTIC ATROPHY - Left eye

FLASH STIMULATION - High Intensity

Right eye
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FIG 71-3.

VEP obtained from a male patient who had suffered a head
injury. The VEP obtained by flash stimulation of the right
eye is entirely normal (positivity is indicated downward), and
it can be seen that a major positive component is elicited
around 120 ms. When the left eye is stimulated a grossly re-
duced response is obtained.
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FIG 71-4.

Visual electrodiagnostic results from a 2-year-old
= child who had fallen 30 m. The photopic ERGs
are shown in the bottom right-hand traces, and it
can be seen that both a- and b-waves are
apparently of normal latency and amplitude for
noncorneal electrodes. There appears to be some
slight reduction in the amplitude obtained from the
left eye when compared with the right. The upper
two traces on the left show the VEP from both the
right and left cerebral hemispheres in response to
flash stimulation of the right eye. No response is

0- aM obtained which indicates that since the ERG from
the right eye is normal there must be indirect optic

nerve damage to the right optic nerve. When

01=C3
w binocular stimulation is performed, a response is
seen over the left cerebral hemisphere (O7 to C3)

ERG FLASH

nsec RIGHT EYE

to the right visual cortex (Fig 71-4). There is no
doubt that electrodiagnosis can play a very signifi-
cant role in prognostic assessment in trauma.
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