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The Pattern Electroretinogram in Glaucoma
and Ocular Hypertension

Gary L. Trick

Primary open-angle glaucoma (POAG) is a chronic
visual disorder characterized by elevated intraocular
pressure (IOP) in the presence of an anatomically
open anterior chamber angle, excavation and/or pal-
lor of the optic disc along with the nerve fiber layer
defects, and visual field loss. Visual loss in chronic
glaucoma results from the destruction of the retinal
ganglion cell axons that form the optic nerve. The
optic nerve damage in POAG occurs over a pro-
tracted period of time (often months or years) and
appears to be due to an increase in IOP to an intol-
erable level. Individuals with elevated IOP who do
not exhibit optic disc, nerve fiber layer, or visual
field defects (i.e., ocular hypertensives) are consid-
ered glaucoma suspects because they are at risk of
developing the disease. However, the relationship
between elevated IOP and the development of glau-
coma remains unclear since many ocular hyperten-
sives may not develop the disease while other indi-
viduals with apparently normal IOP develop the
optic disc, nerve fiber layer, and visual field abnor-
malities that are characteristic of glaucoma (i.e., low-
tension glaucoma). This suggests that there is con-
siderable interindividual variability in the IOP level
necessary to produce optic nerve damage.

The mechanism by which elevated IOP induces
optic nerve damage is not known. The two primary
hypotheses suggest that elevated IOP either inter-
feres with blood flow at the optic nerve head (the
vascular theory) or produces mechanical compres-
sion of the retinal ganglion cell axons in the region
of the lamina cribrosa (mechanical theory). In either
case, there is a slowly progressive loss of retinal gan-
glion cell axons that eventually results in the devel-
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opment of a characteristic visual field defect (Fig
107-1), upon which the diagnosis of glaucoma is of-
ten made. However, the manifestation of a visual
field defect may represent a relatively late stage in
the progression of the disease, a time when retinal
ganglion cell loss is virtually irreversible. Recent es-
timates suggest that 40% to 50% of the optic nerve
axons can be lost prior to the development of a vi-
sual field defect that is detectable with manual pe-
rimetry.®! As a result there has been considerable in-
terest in developing more sensitive and more
reliable methods for studying the pathogenesis and
pathophysiology of retinal ganglion cell damage in
glaucoma. The pattern electroretinogram (PERG) is
one method that is being used in these studies.

The original suggestion by Maffei and Fiorentini**
that the PERG could be used to monitor the bioelec-
trical response of the retinal ganglion cells provided
the impetus for a large number of studies on pa-
tients with glaucoma. In a general sense these inves-
tigations can be characterized as either (1) testing the
hypothesis that the PERG has a ganglion cell origin
by studying individuals with a disease that is known
to directly affect these cells or (2) evaluating the pos-
sible clinical value of the PERG for detecting glau-
coma. Taken together, these diverse studies have
provided considerable insight concerning both the
basic properties of the human PERG and the patho-
physiology of retinal ganglion cell dysfunction in
glaucoma.

Earlier electrophysiological studies of the patho-
genesis and pathophysiology of visual dysfunction
in glaucoma were hampered by the lack of an appro-
priate technique for directly evaluating the func-
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FIG 107-1.
The diagnosis of chronic open-angle glaucoma is often
based upon evidence of a visual field defect similar to the
visual field loss apparent in this 65-year-old white male.
This result was obtained by automated perimetry (Hum-
phrey 30-2).

tional integrity of the neural elements in the proxi-
mal retina and, in particular, the retinal ganglion
cells. Studies of the flash electroretinogram (ERG) in
patients with glaucoma clearly illustrated that the
more distal neural elements in the retina were unaf-
fected,'* ! at least until relatively late in the disease
process.> 2 The results of visual evoked potential
(VEP) studies in glaucoma patients, on the other
hand, indicated that the latency of the bioelectrical
responses generated in the primary visual cortex
was often increased.'” ¥ Therefore, the flash ERG
and VEP results implied that there was a significant
deficit within the primary visual pathway of glau-
coma patients that was not the result of dysfunction
in the neural elements of the distal retina. However,
the mechanism whereby a loss in retinal ganglion
cell axons would produce an increase in VEP latency
remains unclear. Furthermore, the relationship be-
tween the VEP latency increase and the nature and
extent of the early damage to the optic nerve in glau-
coma has not been established, perhaps because the
VEP is an indirect reflection of retinal ganglion cell
function that is dominated by the bioelectrical re-
sponse of neural elements within the central 5 to 10
degrees of the visual field.?® Thus the availability of
an electrophysiological technique to monitor a bio-
electrical response that includes a component (or

components) that originates in the proximal retina
and possibly reflects the functional integrity of the
retinal ganglion cells that themselves filled an obvi-
ous void.

There now have been numerous studies of the
PERG in glaucoma patients, and the clear consensus
of these studies is that PERG abnormalities fre-
quently are evident in individuals with well-diag-
nosed POAG (Table 107-1). Both PERG amplitude
reductions and latency increases (or phase shifts)
have been reported in various studies (Fig 107-2),
but because the latency increase is relatively small
(about 5 to 8 ms) although statistically significant,
the more robust amplitude reductions have drawn
the most interest. The results of these investigations
indicate that in glaucoma patients PERG amplitude
reductions occur in the presence of normal flash and
flicker ERGs. Some evidence also indicates that the
PERG amplitude reductions become more profound
when other signs of glaucoma (i.e., cupping and
field loss) indicate an increase in the severity of the
disease.'” %

TABLE 107-1.

A Partial Summary of the Studies Demonstrating Significant PERG
Abnormalities in Glaucoma Patients and Ocular Hypertensives

Authors Type of Abnormality
Glaucoma
Fiorentini et al."® Amplitude reduction

Arden et al.’ Amplitude reduction
Trick38 Amplitude reduction, latency increase

Markoff et al.?®

Seiple et al.3*

Bobak et al.®

Wanger and Persson*’
Papst et al. 28

van Lith et al.*

Howe and Mitchell'®
Trick*®

Ringens et al.33
Wanger and Persson?®
Drance et al.®

Porciatti et al.?®

Korth et al.’®

Bach et al.”

Weinstein et al.8

Ocular Hypertension

Trick3®

Wanger and Persson“®
Porciatti et al.?®
Wanger and Persson?®
Weinstein et al.*®

Trick et al.*!

Trick et al.*?

Ambrosio et al.*

Amplitude reduction
Amplitude reduction
Amplitude reduction
Amplitude reduction

Amplitude reduction, latency increase

Amplitude reduction

Amplitude reduction, latency increase
Amplitude reduction, latency increase

Amplitude reduction, phase shift

Amplitude reduction
Amplitude reduction
Amplitude reduction
Amplitude reduction
Amplitude reduction
Amplitude reduction

Amplitude reduction
Amplitude reduction
Amplitude reduction
Amplitude reduction
Amplitude reduction
Amplitude reduction
Amplitude reduction
Amplitude reduction
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FIG 107-2.

Representative PERGs for low—temporal frequency (tran-
sient) and high—temporal frequency (steady-state) condi-
tions are illustrated for an age-matched visual normal (con-
trol), two patients with diagnosed ocular hypertension and
normal visual fields, and a patient with diagnosed POAG.
Note that one ocular hypertensive produced good re-
sponses for both test conditions while in the other ocular hy-
pertensive both responses were poor.

Important confirmation of the conclusions drawn
from studies of patients with glaucoma has come
from studies of experimental glaucoma that is in-
duced in primates by argon laser application to the
trabecular meshwork.’"?¢?” In this glaucoma
model the aqueous outflow facility is decreased, IOP
is increased, and there are consequent changes in
cupping of the optic nerve head and loss of optic
nerve axons that are quite similar to the changes that
occur in the human condition.?”” * Results from the
primate model indicate that PERG amplitude reduc-
tions (1) precede the development of significant
changes in the optic nervehead, (2) are related to the
degree of cupping and nerve fiber loss, and (3) are
not diminished when IOP is reduced pharmacologi-
Cally.“' 26, 27

Estimates of the magnitude of the PERG ampli-
tude reductions observed in glaucoma patients vary

from 10% to 80% (or more), partially depending
upon the spatial and temporal characteristics of the
stimulus. Our studies® of the spatial and temporal
tuning of the PERG abnormality in glaucoma pa-
tients indicate that the magnitude of the deficit is
greatest when high—temporal frequency stimuli are
used to elicit steady-state PERGs (Fig 107-3). Based
upon these results and the histological observation
that the larger retinal ganglion cell fibers appear to
be most susceptible to glaucomatous damage early
in the course of the disease,® Trick further sug-
gested that this represented a selective loss of the
type A retinal ganglion cells that underlie the magni-
cellular stream of the primary visual pathway.?* Sim-
ilarly, in the primate model of glaucoma the largest
PERG deficits are observed with high—temporal and
low-spatial frequency stimuli, once again support-
ing the concept of a selective deficit in the magnicel-
lular system.?® #” Possible variations in the extent of
this selective damage associated with progression of
the disease is a topic that requires further investiga-
tion.

More recently it has been suggested' that the
transient PERG includes two semi-independent pro-
cesses that are evident as the N1-P1 and the P1-N2
components of the waveform (see Fig 107-2). In dis-
eases where damage is localized in the proximal ret-
ina and/or optic nerve only the P1-N2 component of
the transient PERG is reduced. In diseases that affect
the distal retina the N1-P1 component of the tran-
sient PERG is reduced (due to the direct influence of
the disease on the retinal generators of this compo-
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FIG 107-3.

PERG amplitude is plotted as a function of temporal fre-
quency. The data points have been replotted from Trick*®
and represent values for 32 patients with chronic open-an-
gle glaucoma and 32 age-matched controls average across
check size.
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nent), and the P1-N2 component is also reduced
(since the input to the neural elements in the proxi-
mal retina/optic nerve is distorted by the effect on
the distal retina). Based upon this observation the
large-magnitude reduction Trick noted in the steady-
state PERG also could be interpreted as resulting
from the merging of the N1-P1 and N2-P2 compo-
nents due to the high temporal frequency. In one
study it was observed that the P1-N2 component of
the transient PERG was more reduced than the
N1-P1 component in glaucoma patients.*® Certainly,
this relationship between the waveform components
of both the transient and the steady-state PERG
should be more completely evaluated.

Studies of the PERG in patients with ocular hy-
pertension (see Table 107-1) suggest that this retinal
potential may provide a sensitive measure of retinal
ganglion cell dysfunction that could be used to de-
tect visual loss in ocular hypertensives prior to the
development of glaucomatous visual field loss.
PERG amplitude reductions are apparent in some,
although not all ocular hypertensives (see Fig
107-2). In different studies, however, the percent-
age of ocular hypertensives with abnormal PERGs
has varied considerably. Porciatti et al.*’ reported
significant PERG amplitude reductions in 11 of 12
(91.6%) ocular hypertensives who had normal visual
fields, while Wanger and Persson*® observed signifi-
cant amplitude reduction in four of seven (57.1%)
patients with unilateral ocular hypertension. Ambro-
sio et al.* detected PERG amplitude reductions in
75% of the ocular hypertensives tested in their study
but failed to indicate whether all of these were sig-
nificant statistically. On the other hand, Trick et al.*!
found significant PERG amplitude reductions in
only of 15 of 130 (11.5%) ocular hypertensives.

The high percentage of ocular hypertensives with
PERG abnormalities that has been observed in some
studies suggests that this retinal potential may be
sensitive to early changes in visual processing that
are associated with elevated IOP. However, this
high figure also raises questions about the utility of
the technique for predicting which patients will de-
velop glaucoma. Epidemiological evidence suggests
that 0.5% to 2.0% of patients with mild to moder-
ately elevated IOP (21 to 35 mm Hg) will develop vi-
sual loss each year.?’ Long-term follow-up of ocular
hypertensives suggests similar values.'® ** Thus the
high percentages observed in some studies could
also suggest that this technique has inadequate spec-
ificity (i.e., poorly discriminates the patients with
impending glaucomatous visual field loss from other

ocular hypertensives). The high percentage of ab-
normal responses observed in some studies may be
partially the result of the small size of the samples
tested and a loose definition of a significant deficit.
In addition, it is likely that the sample selection cri-
teria influenced the percentage of patients observed
to have abnormal responses. Trick® demonstrated
that over 50% of ocular hypertensives who are con-
sidered to be at high risk of developing POAG
(based upon a weighted combination of the follow-
ing risk factors: age, IOP, family history of glau-
coma, and cup-to-disc ratio) exhibit significant PERG
amplitude reductions while less than 10% of low-
risk ocular hypertensives exhibit these deficits. The
larger group of ocular hypertensives later tested by
Trick et al.*! were unselected for these risk factors
and may have been composed of a large percentage
of individuals who were at lower risk than the pa-
tients included in other investigations (e.g.. Wein-
stein et al.*®). Therefore, a prospective study will be
necessary to eventually determine whether PERG
amplitude reductions reliably precede the develop-
ment of a glaucomatous visual field defect in these
patients.

The exact relationship between IOP elevations
and PERG amplitude reductions has not been deter-
mined. There is evidence that large, acute elevations
in IOP (as might occur in angle-closure glaucoma or
glaucoma secondary to ocular trauma) do produce
reductions in PERG amplitude. However, in these
cases the PERG amplitude reductions may not re-
flect only retinal ganglion cell dysfunction since the
functional integrity of neural elements in the distal
retina, the elements that provide input to the gan-
glion cells, is also disrupted by acute IOP elevations.
It is uncertain whether smaller, chronic changes in
IOP produce PERG alterations that are similar to the
changes that occur as a result of acute IOP elevation.
Among ocular hypertensives the correlation be-
tween IOP and PERG amplitude is weak (Fig
107-4), while the association of other factors (such
as age and blood pressure) with PERG amplitude
may be as strong or stronger. This may simply re-
flect the variability in pressure tolerance of retinal
ganglion cells between individuals, in which case
evidence of intraindividual effects of elevated pres-
sure may become obvious when prospective studies
are completed. However, in an interesting study de-
signed to separate the influence of IOP and retinal
vascular perfusion on the PERG, Siliprandi et al.®®
demonstrated that perfusion pressure rather than
IOP plays the major role influencing the PERG. Per-
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