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The role of pattern-reversal electroretinography in the diagnosis of glaucoma

Importincia do eletroretinograma de padrdo reverso no diagndstico do glaucoma

ANDRE CarvALHO KReuz!, MARiA Kivoko Ovamabal, MarceLo Hatanaka®, MArio Luiz RiBeiro MoNTEIRO!

ABSTRACT

Pattern electroretinography is used to assess the function of the inner retinal layers,
particularly the retinal ganglion cell layer, using a reversing checkerboard or grating
pattern that maintains a constant overall mean luminance over time. A normal
transient response comprises a positive component of the wave (P50) followed
by a longer negative component of the wave (N95). Glaucomatous optic neu-
ropathy causes progressive loss of retinal ganglion cells, potentially detectable
as abnormalities on examination, particularly in the N95 component. Therefore,
pattern electroretinography may be useful in the diagnosis and evaluation of
glaucoma. The present article is an updated review of published data regarding
the use of pattern electroretinography for the detection of glaucoma-induced
retinal changes.
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RESUMO

Oeletroretinograma de padrao reverso é utilizado para avaliar a fungéo das camadas
internas da retina, particularmente a camada de células ganglionares retinianas,
utilizando um estimulo em xadrez ou barras alternantes, mantendo constante o nivel
de contraste total. A resposta transiente normal é constituida por uma onda positiva
(P50) sequida de uma onda maior negativa (N95). A neuropatia éptica glaucomatosa
causa perda progressiva das células ganglionares da retina, detectdvel como anor-
malidades no exame, especialmente na onda N95. Por isso, o eletroretinograma de
padrdo reverso pode ser Gtil no diagndstico e sequimento de pacientes glaucomatosos.
Este artigo é uma revisdo atualizada dos dados publicados a respeito da capacidade
do eletroretinograma de padrdo reverso em detectar alteragées retinianas induzidas
pelo glaucoma.

Descritores: Eletroretinografia; Glaucoma/diagndstico; Hipertensdo ocular; Pressdo
intraocular; VisGo ocular

INTRODUCTION

Primary open-angle glaucoma (POAG) is likely the most common
optic neuropathy and can lead to permanent visual damage if left un-
treated™. Raised intraocular pressure (IOP) is the most significant risk
factor for the development and progression of POAG, although not
all patients with ocular hypertension (OHT) develop glaucomatous
damage®. Lowering the IOP is currently the only available treatment
option™.

Glaucoma is characterized by chronic retinal ganglion cell (RGC)
loss associated with loss of visual function. However, it is widely known
that structural abnormalities in RGC and retinal nerve fiber layer
(RNFL) may precede the development of visual field (VF) defects in
glaucoma. Anatomical studies have documented that VF defects
usually develop only after the loss of 30%-50% of ganglion cells®. To
prevent irreversible axonal loss in patients with glaucoma, structural
abnormalities should be detected as early as possible; thus, it is im-
portant to develop new and more reliable detection methods.

Over the past decade, a number of imaging techniques have been
developed to detect early structural damage in glaucoma, including
confocal scanning laser ophthalmoscopy (CSLO), scanning laser po-
larimetry, and particlularly, optical coherence tomography®. These
techniques can be used to detect and quantify glaucomatous dama-
geinareproducible manner,and have been shown to be significantly
correlated with conventional methods used to assess glaucoma pro-
gression, such as standard automated perimetry (SAP) and optic disc
stereophotography®. However, although imaging techniques have
become an important tool in the diagnosis of glaucoma, they occa-

sionally fail to identify glaucomatous damage, particularly localized
RFNL defects® and other structural changes, such as those observed
in patients with preperimetric glaucoma. Currently available imaging
techniques are more sensitive and specific for advanced glaucoma-
tous damage!.

Electrophysiological methods may also be used to identify early
structural and functional damage in glaucoma. Over the past few
years, patients with early-stage glaucoma have been evaluated for
abnormalities using electrophysiological tests, including different
forms of electroretinography (ERG)® and visual evoked potential
(VEP)®. On ERG, the amplitude of the photopic negative response,
a measure of inner retinal function, may be reduced in early glauco-
matous damage®. Recently, multifocal ERG has been shown to
detect macular dysfunction in POAG!?, suggesting a preganglionic
dysfunction of macular elements in the disease. With regard to VEP,
previous studies have shown that a delay in the S-cone response may
precede morphological and VF evidence of glaucomatous damage®.
Multifocal VEP has also been used for the objective assessment of
glaucomatous VF defects™. However, despite their ability to detect
abnormalities in glaucoma, none of these electrophysiological me-
thods directly measure RGC function.

However, RGC function may be estimated using pattern ERG
(PERG), a specific form of electroretinography!'?. In fact, several stu-
dies have shown the ability of PERG to detect structural glaucoma-
tous damage (which primarily involves the RGC layer) and have
attempted to correlate these findings with other glaucoma-related
functional and morphological abnormalities*'”. Increasing eviden-
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ce highlights theimportance of PERG amplitude abnormalities forthe
early diagnosis of glaucoma, especially in patients with pre-perimetric
glaucoma®. The purpose of the present article was to review pre-
vious studies evaluating the use of PERG for the detection of glauco-
matous damage and its correlation with other methods of structural
and functional evaluation.

UNDERSTANDING PERG
ORIGIN OF THE RESPONSE

The first PERG model was described in 1964, when Riggs et al.
showed that, in a normal patient, a contrast-reversing pattern could
be used to generate a small electroretinographic signal, comprising
a positive component (P50) followed by a negative component
(N95) (i.e., the transient response). This technique is now referred to
as PERG. In 1985, Berninger and Schuurmans reported that when
temporal frequencies of stimulation are higher than 10 reversals per
second (rev/s), the successive waveforms overlap and, therefore,
the response assumes a sinusoidal configuration referred to as the
steady-state response”.

Although the exact origin of the PERG response has not been
clearly established, a number of experimental studies suggest that
it originates from the inner retinal layers, particularly the RGC layer.
Because damage to the optic nerve results in retrograde degene-
ration of the RGC, early studies investigating the origin of the PERG
response focused on the effects of optic nerve section. The first such
model was described in 1980, when PERG and flash ERG were recor-
ded at two different time-points in a subject who had experienced
optic nerve section due to an accident. On the first examination, a
few days after the accident, both tests were normal; however, three
months later, PERG was no longer measurable, while flash ERG was
normal®". Several authors have suggested that the PERG response
may originate in the inner retina; indeed, experimental studies using
animal models have confirmed the extinction of the PERG response
after optic nerve section®>?* and have related the phenomenon to
RGC degeneration, as demonstrated by histological examination.
However, using a similar study design, other researchers observed
only partial extinction of the PERG response®. Johnson found that
in monkeys with induced intraocular hypertension, a PERG response
was still present after almost all optic nerve fibers had been des-
troyed, according to the results of histological examination®. In a
human patient with optic nerve glioma, Harrison et al. detected a
PERG response 30 months after surgical transection of the optic ner-
ve, although it was significantly reduced®”. Berninger and Arden also
reported incomplete extinction of the PERG response three months
after optic nerve transection: while the negative component of the
wave was non-recordable, the positive component was still present,
although it was reduced®. Based on these findings, it has been sug-
gested that the PERG response does not depend on RGC alone; part
of the response - most likely the positive component of the wave - may
originate from other retinal cells.

Experimental studies in humans have also assessed variations in
the PERG response amplitudes at different check sizes (spatial fre-
quencies). This phenomenon, called spatial tuning, is a property
inherent to RGCs. In two studies, the spatial response function of the
positive component did not show spatial tuning, as opposed to the
amplitude of the negative component?®?), Based on this finding, a
non-ganglion cell component of P50 was proposed, which could, at
least in part, be generated distally to the ganglion cells. N95, which
displayed spatial tuning, was believed to be contrast-related and,
consequently, generated by the RGC [42].

Holder conducted a clinical study to investigate the origin of
PERG waves and observed that P50 was more affected than N95 in
retinal and macular diseases, and that N95 was more affected than
P50 in optic nerve dysfunction, supporting the hypothesis that the
negative and positive PERG components have different origins®?.
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In a recent experimental study, Viswanathan et al. tested the effects
of tetrodoxin (TTX), a drug that blocks the spiking activity of amacrine
and ganglion cells. They observed that the effects of TTX on PERG
were similar to those observed with experimental glaucoma, sugges-
ting that glaucoma-related reduction in the PERG response is due to
compromised RGC spiking activity®". The authors also observed that
N95 was eliminated by TTX at higher frequencies, while P50 remained
less affected than in experimental glaucoma. Because experimental
glaucoma compromises the entire RGC layer and its ability to respond
while TTX merely blocks spiking activity, the extinction of P50 in
experimental glaucoma suggests an origin in local RGC potentials.

Based on the above-mentioned data, it may be inferred that the
negative component is a contrast-related component generated by
RGC spiking activity, while the positive component is partly RGC-de-
rived and partly generated distally to the ganglion cells by a mecha-
nism that is currently unclear®?.

Since the 1980s, many researchers have used PERG to study
abnormalities associated with optic nerve disorders, although the
recording techniques used in early research varied considerably from
study to study®**. This, in part, explains the discrepancies among
these early studies. The first attempt to standardize the methodolo-
gy occurred in 1984%%; subsequently, in 1998, 2007 and 2012, the
International Society for Clinical Electrophysiology of Vision (ISCEV)
published guidelines standardizing the PERG methodology.

METHODOLOGY

The present methodology is described in the 2012 ISCEV stan-
dard for clinical PERG®®. The retinal cells are stimulated by a pattern
of contrast-reversing black and white squares or bars presented as a
checkboard or grating on a monitor, while a constant overall mean lu-
minance is maintained. The check size presented on the monitor and
the reversal rate can be adjusted at the discretion of the investigator.
Retinal evoked potentials are recorded with electrodes that do not
interfere with pattern clarity, such as gold foil, Dowson-Trick-Litzkow
or Hong Kong loops placed on the corneal limbus, over or under the
lower lid. Surface reference electrodes are placed in the outer canthus
of each eye, and a ground electrode is attached to the forehead.

Because of its small amplitude, the PERG response is highly sus-
ceptible to artifacts. Interference from eye movement and blink is
common and should be avoided. Pattern clarity and fixation on the
fovea are important for reliability of the response measurement. The
presence of cataracts, non-corrected refractive errors or reduced cor-
neal transparency can affect image contrast and, consequently, the
PERG response®. Degenerative maculopathy, diabetic retinopathy
and other retinal diseases can also compromise the quality of the
response®®®,

TRANSIENT AND STEADY-STATE PERG RESPONSE

The PERG response consists of small signals, typically approxima-
tely 2-8 pV in normal individuals. Two types of PERG responses (tran-
sient and steady-state) can be obtained depending of the reversal
rate of the patterned stimulus. The transient PERG response, obtained
when the reversal rate is <6 rev/s, is expressed as a single, averaged
response. The steady-state PERG response, obtained when the rever-
sal rate is >8 rev/s®?, represents an overlap of successive waveforms.
Normal transient PERG is represented by a small initial negative com-
ponentat 35 ms (N35), whichis not always visible, followed by a larger
positive component at 45-60 ms (P50) and then by a large negative
component at 90-100 ms (N95). A comparison of PERG responses
according to reversal rate is presented in figure 1.

The main parameters analyzed in the PERG response are amplitu-
de, implicit time and latency. According to ISCEV, the amplitude is the
distance between peaks and troughs. The P50 amplitude is measured
from the trough of N35 to the peak of P50, while the N95 amplitude
is measured from the peak of P50 to the trough of N95. In the case of
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Figure 1. Example of normal pattern electroretinogram responses. Above: transient response using a
reversal rate of 3 Hz, with amplitude values of 3.42 uV (N35-P50) and 6.14 LV (P50-N95) and latency values
of 33,57 and 101 ms (N35, P50 and N95 responses, respectively). Below: Steady-state response with a reversal

rate of 10 Hz (amplitude 3.7 uV, phase 57 ms).

the steady-state response, the amplitude of the sinusoidal wave can
be analyzed using a fast Fourier transform. The implicit time (time to
peak) is the time between the onset of the contrast reversal and the
peak of the component of interest, while latency is defined as the
time between the onset of the contrast reversal and the response.

MurtirocaL PERG (MrPERG)

Standard PERG detects the collective response of the ganglion
cells.However, such a global response is rarely useful to detect patho-
logical changes in localized areas of the retina. Because some optic
nerve diseases, particularly glaucoma, may present with focal RGC
defects in the early stages, interest in methods capable of assessing
the function of specific retinal areas is increasing“o#",

mfPERG can detect responses from specific regions, mainly in the
macular area, which is densely populated with RGCs and pregan-
glionic elements. The ability to measure bioelectrical responses from
localized macular areas could be used to establish a relationship
between focal RGC dysfunction and focal defects identified by the
examination®“?. In an experimental and clinical study, Harrison et al.
suggested that mfPERG response originates mainly from inner retinal
elements (RGCs), with some contribution from outer retinal cells“?.

The earliest studies described different forms of stimulation of
specific areas of the retina® ¥, The basic methodological difference
compared with standard PERG is the multifocal stimulus: hexagons
or squares displayed on a monitor alternating between black and
white in a temporal pattern according to a binary m-sequence. The
morphology of the retinal response is similar to full-field PERG.

PERGLA

Developed by Porciatti et al. in 2004“% primarily for the diagnosis
and follow-up of glaucoma patients, PERGLA is another method of

obtaining PERG data. It differs from the classic method by the use
of skin electrodes placed on the lower eyelids instead of corneal
electrodes and by the use of a vertical grating pattern rather than a
checkerboard pattern“. As with the conventional method, a tem-
poral frequency of >8 rev/s (steady-state) and Fourier analysis are
used. Because the use of a skin electrode reduces the amplitude of
the response, spatial-temporal characteristics of the stimulus that
maximize the response amplitude are chosen, and the response com-
ponent is isolated from unwanted biological activity (noise). While
the amplitude response is lower than that of standard PERG, artifacts
due to eye movement are less intrusive. The use of skin electrodes
avoids some of the problems associated with corneal electrodes: opti-
cal degradation of pattern stimulus, electrode instability, low patient
compliance and dependency on a skilled operator. The objective of
the method is to make the standard PERG simpler and more patient-
and user-friendly.

As in standard PERG, defocus has a negative impact on PERGLA
results“. In addition, significant variability is observed in PERGLA me-
asurements when they are obtained by different operators“”. The use
of a single operator reduces variability“®, and PERGLA measurements
have been shown to be satisfactorily reproduciblet”.

PERG STUDIES IN GLAUCOMA

Since the first description of PERG abnormalities in glaucoma in
198218, several studies describing changes in amplitude and latency
have been published, with correlations to RGC dysfunction seconda-
ry to primary glaucoma, congenital glaucoma“? or OHT.

ABNORMALITIES IN PERG AMPLITUDE

Alarge number of studies have demonstrated that glaucomatous
damage is associated with a reduction in PERG response amplitude.
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In 1983, Wanger and Persson submitted 11 patients with unilateral
glaucoma to PERG and observed a significant reduction in amplitude
in 10 glaucomatous eyes compared with the fellow eye"¥. Howe and
Mitchell studied 17 patients with unilateral glaucoma and reported
that both P50 and N95 were reduced compared with the contrala-
teral eye®®, consistent with the findings of other authors®**®. When
studying the involvement of specific waves in glaucoma, Weinstein
et al. and Ohta et al. observed a more pronounced reduction in N95
than in P50¢%2. Few studies have demonstrated reductions in P50¢%;
in most studies, N95 was the most affected component, supporting
the notion that the negative component is more closely associated
with RGC function.

In view of the increasing awareness of the relevance of PERG
abnormalities to the diagnosis of glaucoma, the role of elevated IOP
in PERG response has been extensively investigated. Wanger and
Persson submitted seven patients with unilateral OHT to PERG and
found reduced amplitudes in four cases®?. In addition, experimental
studies have investigated whether elevated IOP can affect PERG res-
ponse in the absence of glaucomatous damage. Marx et al. induced
OHT in one eye of five primates by applying lasers to the trabecular
meshwork, and recorded PERG before and after laser application®?.
The authors observed a progressive PERG amplitude reduction
throughout the follow-up period, with three monkeys exhibiting
compromised PERG amplitudes before developing clinically signifi-
cant cupping, supporting the hypothesis that OHT in humans could
affect PERG amplitude before the emergence of glaucomatous da-
mage. Johnson et al. also observed reduced amplitudes in monkeys
with artificially elevated IOP, and correlated this reduction with RGC
damage on histological examination®®. In an attempt to explain the
reduction in PERG response caused by high IOP, Siliprandi et al. pro-
posed that amplitudes decrease in acute intraocular hypertension
secondary to reduction in eye perfusion pressure and retinal blood
supply®. The majority of researchers have reported reductions in
PERG amplitude associated with elevated IOP, although there are
exceptions®. The mechanism appears to involve the absence of
activity secondary to RGC loss, reduced activity of viable RGC or a
combination of these factors. However, it is important to consider
that in such experimental studies, IOP elevation is typically very high
andinduced in an acute manner, which is considerably different from
the situation that is typically observed in glaucoma patients. The
fact that reductions in PERG amplitude precede optic disk damage
suggests the existence of dysfunction in RGC prior to apoptosis. This
has been supported by Banitt et al., who reported abnormalities in
PERG amplitude preceding the development of optic nerve RNFL
thinning detected by optical coherence tomography (OCT) in glau-
coma suspects®®.

Based on the observed correlation between high IOP and redu-
ced PERG response, likely as a result of RGC dysfunction, Feghali et al.
demonstrated that, in rabbits with low PERG amplitude associated
with high IOP, the amplitude was immediately normalized when
the IOP was lowered®”. Other studies have evaluated the effect of
medically or surgically reduced IOP on PERG response in humans®8©9,
After following OHT patients treated with timolol as well as a control
group receiving placebo for six years, Nesher et al. observed a signi-
ficant correlation between IOP levels and steady-state PERG ampli-
tude®®. Spadea et al. observed no recovery of the PERG amplitude
trabaculectomy was performed on eyes with advanced glaucoma®?;
however, other authors reported that the PERG response could be
restored after pharmacologically induced IOP reduction in low- and
high-tension glaucomatous eyes, even in the presence of early VF
defects®), suggesting that PERG reduction is related not only to RGC
loss, but also to RGC dysfunction. Elevated IOP has an influence on
this dysfunction in patients with OHT and glaucoma; therefore, con-
trolling I0P is likely important to the re-establishment of normal RGC
function in patients with non-advanced glaucoma.

The response amplitude may be compromised in OHT, but not all
eyes with OHT have reduced amplitude®®”. Thus, studies have been

406 Arq Bras Oftalmol. 2014;77(6):403-10

conducted to evaluate the risk of OHT eyes developing glaucoma,
depending on the presence or absence of a reduced response am-
plitude. A longitudinal study showed that one of 15 eyes with OHT
with reduced PERG amplitude developed glaucomatous VF defects
after three years®. Pfeiffer followed 29 eyes with OHT for up to three
years: five of 12 eyes with abnormal baseline PERG developed glau-
comatous field defects, but no defects were observed among eyes
with normal PERG (n=18)®%. In a recent study involving 120 eyes of
OHT patients followed for 10 years, glaucoma was detected by de-
creased PERG amplitudes four years before VF changes occurred®,
These studies suggest that the presence of reduced PERG amplitudes
in patients with OHT and in glaucoma suspects may be a predictor
of glaucoma.

Another study involving glaucoma suspects examined the pre-
dictive value of PERG abnormalities for developing VF defects. The
positive and negative predictive values were 69% and 80%, respecti-
vely, and N95 had the best predictive value®. In addition, Bayer
and Erb observed that an abnormal N95 amplitude could identify
88% of pre-perimetric glaucomatous eyes before the development
of VF loss®0.

Based on the frequently observed association between glaucoma
and reduced PERG amplitudes, some researchers have tested diffe-
rent check sizes and reversal rates in order to evaluate the sensitivity
of the method to detect glaucoma. The response was found to be
frequency-dependent in glaucoma (the higher the frequency, the
more strongly related)®®”. The steady-state response at 16 rev/s was
relatively more affected than the transient response when comparing
responses in the same individual®; however, rates >18 rev/s could
not distinguish normal patients from glaucomatous patients®. Most
studies have demonstrated that steady-state PERG with a reversal
rate between 10 and 20 rev/s yields the greatest sensitivity for the
detection of glaucomatous damage!1667:69),

The detection of PERG amplitude reduction also depends on
check size®”V When large checks (16°) are used, the PERG response
is relatively preserved in early glaucoma and reduced in advanced
glaucoma®; however, when small checks (0.8°) are used, the res-
ponse is compromised in both early and advanced glaucoma®9.
This indicates loss of spatial tuning (a characteristic of RGC) with the
progression of glaucomatous damage. However, Trick noticed that
when very small checks (<0.5°) were used, measurements were no
longer meaningful®. Likewise, in an experimental study, Marx et al.
induced OHT in three monkeys and observed that, in the absence of
optic nerve cupping, the PERG response obtained with small checks
was compromised earlier compared with the response obtained with
large checks!",

Studies have also been performed to investigate the effect of
medications on the PERG response in glaucoma. In a recent clinical
trial involving patients with glaucoma, the use of antioxidants partly
prevented PERG amplitude reduction, suggesting a favorable influen-
ce on RGC function"?,

However, the results of these studies may have been influenced
by a number of confounding factors. For example, aging is associa-
ted with natural RGC loss and, consequently, a natural reduction in
amplitude response?. It is, therefore, important to use age-matched
controls in such analyses. Second, the presence of diurnal” and in-
traindividual variability in IOP during the day may interfere with the
PERG response and compromise interpretation””. Whenever possi-
ble, PERG should be measured at the same time of the day to improve
comparability. Third, when Jacobi et al. investigated the questions of
reproducibility and intraindividual variability, they found a positive
correlation between right and left eyes but no correlation between
measurements made at seven-day intervals’. Although this was not
suggested by the authors, the difference may be partially explained
by variability in IOP. If so, this could interfere with the follow-up analysis
of glaucoma patients.

Due to difficulties in the acquisition of PERG data, some authors
have used a ratio of the response obtained. The use of a ratio is inte-



resting because it reduces the problem of populational variability of
absolute amplitudes and is not affected by aging“". Watanabe et al.
were among the first to use ratios in a study comparing PERG ampli-
tudes of the central and paracentral ring areas“?,

In normal eyes, amplitudes obtained with 0.8° and 16° checks
are closely correlated, but this correlation is compromised in early
glaucoma: initially, a reduction is observed for amplitudes measured
with small checks (0.8°); later, changes become detectable with large
checks (16°) as well. Because normal patients are likely to display a
high amplitude with both small and large checks (0.8° and 16°), in-
terindividual variability” may interfere with comparisons between
groups. To circumvent this, a PERG ratio was created (steady-state
PERG amplitude with 0.8° checks/PERG amplitude with 16° checks)
using a frequency of 16 rev/s"#’®. Normalization using the response
obtained with large checks may reduce interindividual variability. A
longitudinal study following 54 eyes with elevated IOP for 10 years
suggested that the PERG ratio was a better biomarker than the PERG
amplitude for the detection of glaucoma prior to the emergence of
VF defects”®.

Itisimportant to remember that in advanced cases of glaucoma,
the denominator may be so small that the PERG ratio becomes unre-
liable®. Interestingly, dioptrical defocus and wide-angle scattering,
as observed in patients with cataracts, affect the PERG ratio in the
same pattern as glaucoma, compromising the PERG response to 0.8°
checks but not to 16° checks”*’?. This may compromise the interpre-
tation of PERG results, especially because most glaucoma patients
exhibit media opacities, even in the early stages.

Another alternative to overcome some of the above-mentioned
difficulties, especially those related to eye movement and blinking
during acquisition, is the use of PERGLA. According to Ventura, PERG
results were abnormal in at least one of the outcome measures in
69% of patients with early manifest glaucoma“™. This finding is sup-
ported by other studies”®”%. Using PERGLA, Sehi et al. evaluated the
effect of lowering IOP in glaucoma patients with reduced amplitudes
and concluded that amplitudes could be improved by trabeculec-
tomy®?, but not by pharmacological treatment®”. The difference may
lie in the level of IOP reduction: in the first study, IOP was reduced
from 19 mmHg to 10 mmHg, while in the second study, the reduction
was only 20%.

ABNORMALITIES IN LATENCY

Unlike amplitude, little attention has been devoted to the matter
of delay in the time of onset of response. Ringens and Parisi observed
a delay in the PERG response in glaucoma patients®*®? and Komata
found a prolonged P50 peak time'®). With regard to OHT, Arai et al.
reported an elongated latency of P50©? and Marx et al. reported a
delay in mean PERG latency®. Similar to amplitude, latency is known
to increase with age®). In a recent study, Jafarzadehpour et al. also
reported N95 latency delay in glaucoma suspects and patients with
early glaucoma®. Overall, only a small number of authors have re-
ported abnormalities in latency.

ABNORMALITIES IN MFPERG

When introduced, mfPERG was expected to enable the evalua-
tion of the spatial extent of glaucoma-related reduction in PERG
amplitude®#¥, The technique has already been shown to correlate
well with OCT findings for VF defects and RGC defects, such as in
hemianopia due to chiasmal compression®. However, in three major
studies involving glaucoma patients, mfPERG did not reflect localized
ganglion cell loss®2, Stiefelmeyer et al. observed decreased P50
and N95 values, mainly in the central region, but failed to establish a
correlation with VF defects®?. The other two studies reported similar
results, suggesting that PERG is diffusely compromised in glaucoma
and that current mfPERG technology is of little or no use in the de-
tection of localized VF defects in this patient population.
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CORRELATION BETWEEN PERG AND OTHER METHODS IN THE
EVALUATION OF STRUCTURAL ABNORMALITIES IN GLAUCOMA

Several articles have investigated the correlation between PERG
and other methods in the detection of structural damage of the
optic nerve and the RFNL. With regard to fundoscopic abnormalities,
Drance et al. was one of the first to correlate PERG and morphological
findings of glaucomatous optic nerve damage®. Marx et al. reported
that increasing cupping of the optic disc correlated well with pro-
gressive amplitude reduction at IOP levels >40 mmHg®?. Ventura et
al. observed that the presence of fundoscopic optic nerve damage
(vertical cup/disc ratio >0.5; cup/disc asymmetry >0.2; notching or
disc hemorrhage) and reduced PERGLA amplitude could predict the
later progression of glaucomatous defects!™. With regard to structu-
ral analysis based on complementary examinations, a weak but
significant correlation has been reported between PERG and CSLO
with regard to the shape of the optic disc®.

PERG amplitudes and RFNL thickness abnormalities assessed by
OCT and scanning laser polarimetry (GDx) have also been correlated.
Parisi et al. observed that OCT-measured overall and temporal optic
nerve RFNL thickness was significantly correlated with P50 implicit
time delay and with P50-N95 peak-to-peak”. However, Ventura et al.
observed a weak correlation in patients with early glaucoma: reduc-
tions in PERG amplitude were more evident than expected based on
the amount of RGC loss estimated by OCT, suggesting that although
the RGC population was not greatly reduced, the cells had become
severely dysfunctional™. When comparing the results obtained by
OCTand PERGin OHT and early glaucoma patients, Falsiniet al. obser-
ved a structure-function relationship in the glaucoma group that
was absent in the OHT group®®, suggesting that, in the early stage
of the disease, loss of RGC function is detectable by PERG before it
becomes evident on OCT. Using GDx analysis, Toffoli et al. observed
a good correlation between RNFL thickness and PERG amplitude
measurements®?. This discrepancy may be explained by the fact that
PERG reductions may be associated with either dysfunction or loss of
RGC, whereas on OCT RNFL is only affected in the latter case.

CORRELATION BETWEEN PERG AND OTHER METHODS IN THE
EVALUATION OF FUNCTIONAL ABNORMALITIES IN GLAUCOMA

PERG can reveal impairment of RGC function before it is detecta-
ble by conventional perimetry. A clear central area of a VF with
peripheral glaucomatous defect may display reduced amplitude!®,
In a study by Ventura et al.,, 52% of pre-perimetric glaucoma patients
(abnormal disc with normal SAP) exhibited PERG abnormalities.

A significant correlation between PERG amplitudes and global
VF indices (mean deviation [MD] and corrected pattern standard
deviation) has been reported®”. With regard to MD, PERG amplitude
deteriorates as VF defect advances'®. Whereas Garway-Heath et al.
observed a linear correlation between PERG amplitude and differen-
tial light sensitivity in the VF (expressed on a logarithmic dB scale)®®,
Hood et al. observed no correlation between N95 amplitude and
N95:P50 ratio with regard to MD®® and reported that 25% of patients
with abnormal VF had normal PERG responses. The absence of a
linear correlation between PERG amplitude values was explained by
the wide range of amplitude among normal eyes and the fact that,
even in advanced glaucoma, PERG is never reduced to zero due to
the presence of noise.

These conflicting results may be due to the fact that PERG and
perimetry were designed to test different aspects of visual function.
While PERG is an objective test and represents a mass response of the
central retina, perimetry is a subjective examination based on focal
threshold stimulus of the central and peripheral retina®. However,
it has also been suggested that the PERG response reflects diffuse
and non-focal damage to ganglion cells, i.e., pan-retinal ganglion cell
damage!®, According to Ventura et al.,, when a patient with glauco-
ma without perimetric defect exhibits changes in the PERG response
(Figure 2), the abnormality indicates generalized RGC dysfunction;
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Figure 2. Representative example of an eye with pre-perimetric glaucoma and reduced pattern electroretinogram
(PERG) responses. A) Fundus photograph showing glaucomatous cupping; B) Normal standard automated perimetry
(24-2 SITA Standard test); C) Reduced transient PERG responses (P50= 0,95uV; N95= 1,651V); D) Reduced steady-state

PERG amplitude response (1.78 uV).

while the PERG response is normal in a glaucoma patient with VF de-
fect, perimetry detects peripheral focal field loss in a patient with
near-normal RGC function®.

Although a correlation between glaucomatous VF defects and
reduced PERG amplitude in the corresponding hemifield has already
been reported®, it is important to remember that standard PERG is
not appropriate for the detection of focal glaucomatous damage®?.

PERG has also been compared with SAP and FDT with regard to
diagnostic accuracy in glaucoma patients, and was found to be simi-
lar to the former and somewhat inferior to the latter!'®.

CONCLUSIONS

Based on our review of current data, pattern electroretinography
appears to be a good option for detecting RGC dysfunctionin glauco-
ma patients with or without VF loss. However, some methodological
aspects may interfere with routine use, such as the technical difficulty
in obtaining data, and certain factors and conditions prevalent in
glaucoma patients, including advanced age, media opacities and
associated retinal diseases. Thus, further studies and technical deve-
lopments are necessary to improve the ability of PERG technology to
detect glaucoma, especially early-stage disease, in patients with mild
or absent VF defects.
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