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Pattern Electroretinography in the Evaluation
of Glaucoma and in Optic Nerve Function

Graham E. Holder

The damage to the nerve fibers and retinal ganglion
cells that is caused by raised intraocular pressure
and the presumed ganglion cell contribution to the
pattern electroretinogram (PERG) have led many in-
vestigators to examine the PERG in glaucoma since
the early reports of PERG abnormalities.™ '7 ** More
recent research has begun to address the important
question of whether the PERG can be used to differ-
entiate those patients with ocular hypertension who
will develop glaucomatous visual loss from those
who will not. This has implications for the initiation
of treatment.

To some extent the findings in glaucoma must be
considered in the light of the registration and analy-
sis techniques. Wanger and Persson® found a
significantly reduced P50 component in 10 of 11 eyes
with unilateral glaucoma by using high-contrast, 24-
minute checks and additionally reported a positive
correlation between the magnitude of the PERG and
the extent of the visual field defect. Subsequent
reports of transient PERG changes® %3¢ 3% &4
have differed in their observations. Some authors
who included both the P50 and N95 components in
their analysis described an abnormal reduction in
P50,% 27 whereas others found N95 reductions. ¢
Howe and Mitchell” observed latency changes in
N95 but not P50. PERG P50 component abnormali-
ties can be present in conjunction with a normal pat-
tern visual evoked potential (PVEP),* the same au-
thors reporting abnormal PERGs in all (28 of 28) eyes
with disc change and field loss.

The steady-state PERG amplitude is dominated by
that of the N95 component,'' and a reduction in
steady-state PERG amplitude could then reflect ei-

ther a primary reduction in N95 or a reduction sec-
ondary to a reduced P50 component. Bobak and col-
leagues' found an absence of the second harmonic
component of the response to a sinusoidal grating
modulated at 7.5 Hz in three of four glaucomatous
eyes. The effects of spatial frequency (square wave
gratings, 8.3 Hz) were studied by Porciatti and col-
leagues,* who found that the maximum abnormal-
ity occurred with medium spatial frequencies and
peaked in the region of 1.5 cycles per degree. This
confirmed a previous case report.*” A more recent
study® using checkerboard stimulation describes the
maximum abnormality with 0.8-degree checks, but
unfortunately this was the smallest check size used.
Trick™ investigated temporal frequency and con-
cluded that a high temporal frequency (i.e., steady-
state PERGs) gave maximum abnormality detection.
In retrospect this is particularly interesting because
the P50 of the transient PERG was also analyzed in
these patients, and the greater abnormality with the
steady-state PERG suggests a greater degree of N95
involvement. A recent study* using three temporal
frequencies and three check sizes in 51 glaucoma pa-
tients found that no individual glaucoma patient
(early disc and field changes, normal acuity) was ab-
normal at 2.5 SD from the normal mean, which sug-
gests that patient selection criteria may be an impor-
tant factor.

The value of the PERG in ocular hypertension has
yet to be established. The requirement is an accurate
predictor of those patients with raised pressure who
are likely to develop visual loss so that treatment can
be considered prior to the development of visual
field defects, most of the field loss in glaucoma be-
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ing irreversible. Indeed, a loss of some 40% of optic
nerve fibers can occur without a demonstrable visual
field defect.”” However, many patients with ocular
hypertension do not develop glaucoma, and these
patients should not be treated. Unfortunately, many
of the results so far published suggest that the PERG
in ocular hypertension may not reflect the chance of
glaucomatous visual loss. Various prospective stud-
ies have reported a conversion rate of between 0.4%
and 17.4% from ocular hypertension to glauco-
ma.* 18 283341 61 Dogpite this, the incidence of ab-
normal PERG in ocular hypertension has been re-
ported as 4 of 7,52 11 of 12,* 12 of 16,! and 14 of
22,% the latter study finding N95 component abnor-
malities with sparing of P50. Typical PERG findings
are shown in Figure 69-1. The observation™ that 6

M aet 40
PERG
20.10.83
os
12.3.84 82%
os
0s
FIG 69-1.

Serial PERGs in a patient initially diagnosed as having uni-
lateral ocular hypertension. The first recordings used a lim-
ited analysis time, but no interocular asymmetry is evident.
Follow-up recordings initially show no abnormality but later
reveal the development of a P50 component reduction at a
time when perimetry showed no visual field defect. A field
defect was noted some 2 months later. Treatment was com-
menced, and the pressure normalized; P50 returns to nor-
mal, but suspicious changes in N95 remain (Calibration, 25
ms, 5 pV).

eves with ocular hypertension had initially abnormal
PERGs that normalized following a reduction of in-
traocular pressure is of great interest, but it is impos-
sible to tell which of these eves (if any) would actu-
ally have developed field loss if left untreated.

The selection and assessment of patients may be a
critical factor in these results. Trick™ examined 12
“high-risk” and 12 “low-risk” ocular hypertensives.
The optimum stimulus for PERG abnormality detec-
tion was 30-minute checks (steady-state PERGs),
with 50% of the “high-risk” group showing abnor-
malities but only 8.3% of the “low-risk” group doing
so. A subsequent study® reported abnormal PERGs
in 15 of 130 unselected ocular hypertensives, a simi-
lar percentage to those who may be expected to de-
velop glaucoma. There was a poor correlation be-
tween the electrophysiological findings and acquired
dyschromatopsia.®® It was suggested that color vi-
sion defects represented X-ganglion cell dysfunc-
tion, the PERG findings reflecting Y-ganglion cell
dysfunction. Another recent study*® examined the
PERGs in 52 ocular hypertensives by using three
temporal frequencies and three check sizes. There
was a significant difference between the mean value
for the ocular hypertensives and a normal control
group only with 30-minute checks reversing at 11
per second. No individual patient had findings that
were abnormal when compared with the normal
controls.

A long-term prospective study examining both
P50 and N95 components in a large number of pa-
tients is necessary before definite conclusions can be
drawn that enable the PERG to reasonably affect the
management of the patient with ocular hyperten-
sion. Although some results look promising, more
evidence is needed before treatment should be initi-
ated purely on the basis of the PERG findings.

PATTERN ELECTRORETINOGRAPHY IN
OPTIC NERVE DYSFUNCTION

A study of the PERG in optic nerve disease is of
both theoretical and practical interest. The early ani-
mal studies of Maffei, Fiorentini, and coworkers im-
plicated the retinal ganglion cells in the generation
of the PERG (see Berninger and Arden” for a review)
by demonstrating PERG reduction following optic
nerve section; this was paralleled by a histologically
confirmed loss of ganglion cells. Optic nerve lesions
in humans can eventually be expected to result in
retrograde retinal ganglion cell degeneration, and
PERG abnormalities are therefore anticipated in op-
tic nerve dysfunction if the human PERG has a gan-
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glion cell origin. From a clinical viewpoint, the
PERG gives valuable information regarding the
pathways mediating central vision distal to the optic
nerve, thus enabling improved interpretation of ab-
normal PVEPs.

The transient PERG consists of two main compo-
nents: a positive component, P50, at approximately
50 ms and a larger negative component, N95, at
some 95 ms. The exact timing and amplitude rela-
tionships of these components depend upon stimu-
lus and recording parameters. Recent work” shows
that P50 and N95 have different characteristics and
that at least 50% of the PERG is contrast related for
check sizes less than 120 minutes.”" Berninger and
Schuurmans'' ®> demonstrated spatial tuning for
the N95 component, not for P30, and suggested that
N95 is contrast dependent and probably arises in the
ganglion cells but that there is a significant lumi-
nance contribution to P30.

Drasdo and colleagues'® extracted the “pattern-
specific response” (PSR™) from the PERG and corre-
lated the amplitude of the negative PSR (N95) with
the volume of the ganglion cell layer. The observa-
tion that P50 and N95 can be selectively affected in
disease processes™ ** also suggests that they may
have different origins. Most PERG studies so far
have confined their analyses to P50 and do not ex-
amine N95; this is probably due to the superficial
similarity between the PERG P50 component and
the b-wave of the ERG, but it may also reflect the
greater technical difficulties in recording an N95
component of sufficiently low variability to be clini-
cally useful (see below).

Optic Nerve Demyelination

The first studies of the transient PERG in optic
nerve demyelination reported a variable incidence of
P50 component abnormality,® "> ' 4% #30 gome
authors®” %7 expressing the view that the PERG was
of little value in the detection of optic nerve disease.
Serra et al.™ generally found PERG reduction only
after repeated attacks of optic neuritis. These early
studies omitted analysis of the N95 component, but
Porciatti and von Berger® did note that the negative
after-potential (N95) may be more affected. None of
these studies described extinction of the transient
PERG. This has been reported in some more se-
verely affected eyes,' '> > * and it was suggest-
ed'® that a normal PERG (N95 was not examined) in-
dicated demyelination and an extinguished PERG
indicated axonal loss. It may be relevant that the
studies that found extinction usually used monocu-
lar stimulation and recording; this has the associated

difficulty of control of fixation in an eye with re-
duced visual acuity. In one study'' the authors state
in discussion that the findings with monocular stim-
ulation were confirmed with binocular stimulation
but do not present a full analysis. Binocular stimula-
tion and recording have the great advantage that fix-
ation is maintained by the good eye in a patient with
monocular visual loss. There is no significant con-
tamination from the cortically generated PVEP, pro-
viding an ipsilateral outer canthus or temple refer-
ence is used.® *® The use of mastoid or ear reference
electrodes cannot be recommended under any cir-
cumstances.

Abnormalities of steady-state PERGs in optic
nerve demyelination have also been reported.'> "+
The merging of P50 and N95 in the steady-state
PERG precludes individual component assessment.
Although the steady-state PERG amplitude is domi-
nated by that of N95° a reduction could be
either a primary N95 component abnormality or sec-
ondary to a reduced P50 component. The steady-
state PERG may provide invaluable research data,
but the transient PERG is more appropriate for rou-
tine clinical purposes.

The observation that the N95 component is usu-
ally selectively affected if the PERG is abnormal in
optic nerve disease®” ** ** further emphasizes the
advantages of component separation. An analysis of
the incidence and nature of abnormal PERGs in a se-
ries from the authors’ laboratory of 141 patients with
optic nerve demyelination is shown in Table 69-1.%*
lllustrative findings are shown in Figure 69-2. There
were 199 eyes with a delayed PVEP P100 compo-
nent, of which some 40% had abnormal PERGs: 85%

TABLE 69-1.

PERG Findings in 199 Eyes With Optic Nerve Demyelination
(141 Patients)”

Symptom
Finding Symptomatic Free All
Normai PERG 50 71 121
N95 only 48 18 66
P50 2 2 4
P50 + N95% 7 1 8
Totals 107 92 199

*From Holder GE: Electroencephalogr Clin Neurophysiol 1990, in press.
Used by permission.
1The term P50 + N95 has been used when both components were reduced,
but N95 was proportionally more involved than P50 when compared with
the fellow eye.
Two additional eyes had normal PVEPs but a reduced PERG N95 compo-
nent. Many patients in this series were referred with signs or symptoms of
multiple sclerosis, which may or may not have included a history of symp-
toms of optic nerve disease. Other patients were referred with presumed op-
tic neuritis. “Symptom-free” eyes had never experienced any symptoms of
optic nerve dysfunction; all “symptomatic” eyes had a history of optic nerve
involvement.
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FIG 69-2.

PERG findings in three patients with multiple sclerosis and
unilateral optic nerve demyelination. PERGs were recorded
binocularly; PVEPs were recorded monocularly. The first
patient shows a delayed PVEP from the affected eye but
normal PERGs. The second patient shows a delayed
PVEP, symmetrical PERG P50 components, and a reduc-
tion in the N95 component of the PERG from the affected
eye. The PVEP is abolished in the affected eye of the third
patient; the PERG shows an N95 component reduction with
no P50 involvement. (From Holder GE: Br J Ophthalmol
1987; 71:166—171. Used by permission.)

of these abnormalities were confined to the N95
component. There was a much higher incidence of
abnormal PERG in those eyes with symptoms of op-
tic nerve disease than in those with a subclinical
PVEP abnormality. Two eyes had abnormal PERGs
(N95 reduction) but normal PVEPs. The magnitude
of the P50 reduction, when seen, was usually much
less than that regularly seen with more distal ante-
rior visual pathway dysfunction, but examination
during the acute phase of optic neuritis may show a
more pronounced P50 reduction.” An example of
this is shown in Figure 69-3. No patient had an ex-

tinguished PERG, and delays were also not a fea-
ture of the PERG abnormalities, which is in keeping
with previous reports.® 3% 43 Many of the pa-
tients had PVEP delays well in excess of 15 ms.
However, in a study of 67 patients with delayed
PVEPs in 84 eyes due to more distal anterior visual
pathway dysfunction, all involved eyes showed P50
reductions, and no patient with a PVEP delay
greater than 15 ms had a mild PERG abnormality
when the PERG abnormalities were classified as
mild, moderate, or severe.?!

Other Optic Nerve Diseases

There are insufficient studies of other conditions
affecting the optic nerve to draw definite conclu-
sions as to the nature of the PERG abnormalities.
Most reports that have appeared cite small numbers
of patients without full clinical details. Not all au-
thors examined the N95 component. Celesia and
Kaufmann'" observed P50 loss in some cases of optic
atrophy due to meningitis (one case), retrobulbar
neuritis (three cases), optic nerve compression (one
case), and ischemic optic neuropathy (ION) (one
case), but give no further details. Idiopathic and
heredofamilial optic atrophy have both been reported
to show a loss of N95 with a normal P50.% ' % A re-
cent study® found a normal P50 in acute sequential
bilateral Leber’s optic atrophy (N95 was not exam-
ined), but a P50 reduction at follow-up. Another re-
port describes a mean P50 amplitude reduction in a
group of patients including four with juvenile optic
atrophy.”™

Optic nerve compression and ION may also give
PERG abnormalities. In this author’s experience N95
abnormalities commonly occur in compressive le-
sions if the PERG is abnormal, but there may be a
greater proportion of P50 abnormalities in 1ON.?
Other authors have reported normal P50 compo-
nents in acute ION.? Another study that only exam-
ined P50 found reductions in both ION and com-
pression* upon monocular stimulation. It has been
suggested that the PERG may be a useful prognostic
indicator for final visual outcome in the preoperative
assessment of optic nerve compression.?” Results
from this author’s laboratory (Holder, unpublished
observations) confirm the usefulness of the PERG,
an abnormal PERG suggesting a lack of significant
postoperative improvement presumably by demon-
strating retrograde degeneration to the retinal gan-
glion cells. Two interesting papers have documented
the evolution of PERG changes following optic nerve
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PVEP

PERG and PVEP findings during the development of and 4 weeks following an acute retrobulbar neuritis in the right eye. The
initial recordings were taken 5 days after the first symptoms were noted. Three days following electrophysiological examina-
tion, vision in the right eye had deteriorated to no perception of light but subsequently recovered. Left eye findings were normal
throughout. Note the P50 component reduction in the right eye PERG when first seen but restoration of P50 accompanied by
an N95 component abnormality when the examination was repeated 1 month later. The PVEP P100 latency increased from
120 to 140 ms but improved in definition, and the visual acuity improved to 6:5. The dotted vertical line indicates the upper
limit of normal PVEP P100 component latency (mean + 3 SD). (From Holder GE: Electroencephalogr Clin Neurophysiol

1990, in press. Used by permission.)

trauma.'® ** Despite the development of severe op-
tic atrophy and significant reduction, extinction of
the PERG did not occur. Sherman reported similar
observations in a patient 4%2 years following optic
nerve trauma resulting in unilateral blindness.?" Ex-
tinction of the PERG following traumatic optic neu-
ropathy has, however, been reported when using
monocular stimulation.”

CONCLUDING REMARKS

The discussion of optic nerve demyelination
clearly suggests that the PERG is indeed of little
value in the absolute diagnosis of optic nerve dis-
ease, where the cortically generated PVEP remains
the investigation of choice. However, knowledge of
the PERG allows improved interpretation of abnor-
mal PVEPs. The PERG is often normal in optic nerve
disease, but when abnormal, it is usually the N95
component that is involved; in more distal dysfunc-
tion the P50 component is affected.?’ * ** This
specificity enables the distinction between abnormal
PVEPs due to optic nerve disease and those not due
to optic nerve disease. Macular dysfunction, media
opacities, refractive error, etc., can all give rise to a

delayed PVEP> ' 21253138 and PERG recording
will usually establish that the delay is not due to op-
tic nerve dysfunction. However, technical consider-
ations are of paramount importance; in this author’s
experience a high-contrast stimulus is necessary to
maximize the detection of an N95 component abnor-
mality (see Fig 69-4). It should be emphasized that
other stimulus and recording parameters may give
different results.

Recording of the PERG in patients with abnormal
PVEPs has been routine in our laboratory for some
years; there are many cases where the misdiagnosis
of optic nerve disease was avoided by recording the
PERG. It was recently demonstrated® in a series of
patients with severe hypothyroidism that the only
patient to show a PVEP delay also had a delayed, re-
duced PERG. The normalization of both investiga-
tions following treatment suggested that the PVEP
delay in this patient was secondary to reversible cen-
tral retinal dysfunction and not due to optic nerve
dysfunction. However, it must again be stressed
that application of the highest technical standards is
essential to obtain clinically satisfactory recordings,*
particularly with regard to the reduction of N95
component variability.
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FIG 69-4.

The effects of variations in stimulus luminance and contrast
in recordings from two patients with unilateral retrobulbar
neuritis that, with our usual stimulus parameters, show uni-
lateral PERG N85 reductions. It is notable that the record-
ings from patient B with 55% contrast show a significant
P50 component reduction in the affected eye where the
PERG is now almost extinguished. This suggests that a
maximum contrast stimulus should be used routinely to
maximize the detection of N95 abnormalities. As contrast is
decreased, there is the expected loss of PERG definition
from both the normal eyes and the abnormal eyes. At 20%
contrast there is no longer a significant interocular PERG
asymmetry. The quality of recordings taken at such low con-
trast levels is usually poor. (From Holder GE: Electroen-
cephalogr Clin Neurophysiol 1990, in press. Used by per-
mission.)
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