Electrophysiological
assessment of optic
nerve disease

Abstract

The electrophysiological findings in optic
nerve and primary ganglion cell dysfunction
are reviewed. The value of the pattern reversal
visual-evoked potential (VEP) in the diagnosis
of optic nerve disease, and the pattern
appearance VEP in the demonstration of the
intracranial misrouting associated with
albinism, are discussed. The pattern
electroretinogram (PERG) is used in the direct
assessment of ganglion cell function. The use
of PERG or multifocal electroretinography
(mfERG), to enable the distinction between
VEP delay due to optic nerve disease and that
due to macular dysfunction, is described.
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Fundamentals
Visual-evoked cortical potential (VEP)

The visual-evoked cortical potential (VEP) is an
important electrophysiological test in the
investigation of suspected optic nerve disease.
The stimulus for diagnostic VEP is usually a
reversing black and white checkerboard or
grating (PVEP), but an appearance stimulus
(onset/offset) can also be used. The latter
stimulus is of particular value in demonstrating
the misrouting of optic nerve and chiasmal
fibres that occurs in ocular or oculocutaneous
albinism. Diffuse flash stimulation has a role,
but the flash VEP (FVEP) is less sensitive to the
effects of disease than the pattern VEP, and is
highly variable across a population. However,
due to its low interocular or interhemispheric
asymmetry in a normal subject, the FVEP may
detect interocular or interhemispheric
asymmetry within an individual patient.

The pattern reversal VEP (see Figure 1)
consists of a prominent positive component at
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approximately 100 ms (P100) preceded and
followed by negative components (N75 and
N135). Analysis concentrates on the implicit
time (usually termed latency) and amplitude of
P100. In addition to the detection of optic nerve
dysfunction, chiasmal and retrochiasmal
dysfunction can be assessed by examining the
distribution of the VEP over the posterior scalp.
Although a delayed P100 component often
occurs in association with optic nerve disease,
delays are also commonplace in macular
dysfunction, and a delayed VEP should not be
considered pathognomonic of optic nerve
disease. An associated test of macular function,
such as the pattern electroretinogram (PERG) or
multifocal ERG (mfERG) allows an improved
interpretation of an abnormal VEP (see Holder'
for a recent review).

Pattern electroretinogram

Pattern electroretinography (PERG) is an
established technique for the objective
assessment of central retinal function.>® A
reversing checkerboard, similar to that used for
the PVEP, evokes the small electrical potentials
that largely arise from inner retina. The normal
PERG, using techniques recommended by the
International Society for Clinical
Electrophysiology of Vision (ISCEV),* is
recorded using corneal electrodes that do not
interfere with the optics of the eye. It consists of
a prominent positive component at
approximately 50ms and a larger negativity at
approximately 95ms (eg Figure 1). These
components are known as P50 and N95
according to conventional neurophysiological
practice whereby a component is identified by
its polarity and approximate latency.® The exact
origins of these components have not been
identified at the time of writing, but it seems
that N95 is generated in relation to retinal
ganglion cell function. Some of P50 appears to
be generated more distally, but perhaps 70% of
P50 also has origins in relation to spiking cell
function.*® Even though the PERG has inner
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Figure1 Delayed VEPs 7 months following left optic neuritis in

a 39-year-old male. Note that the delay is present in both pattern and

flash VEPs, and that there is selective reduction in the N95 component from the affected eye, in keeping with retrograde degeneration
to the retinal ganglion cells. Right eye findings show no significant abnormality. Visual acuities were 6/6 right; 6/12 left.

retinal origins, the P50 component is ‘driven’ by the
macular photoreceptors and can thus be used as an index
of macular function. A ‘steady state” waveform is
obtained if a rapid (>3.5Hz) stimulus rate is used;
however, this does not allow measurement of individual
components and ISCEV recommends the transient PERG
for routine diagnostic work.

Electroretinogram

Although not of direct importance in the assessment of
optic nerve disease, given the possible difficulties in
distinguishing clinically between disturbance of optic
nerve and macular function, and the possibility that such
macular dysfunction may be secondary to generalised
retinal dysfunction, a brief description of (full-field)
electroretinogram (ERG) is warranted. The ERG is the
mass response of the retina, usually to a diffuse short-
duration flash delivered via a Ganzfeld bowl. It is
recorded, as is the PERG, using corneal electrodes. The
main components of the ERG are the negative going a-
wave and the positive going b-wave. The a-wave, in
response to a bright flash in a dark-adapted eye, largely
reflects photoreceptor function, but there may be a
contribution from postreceptoral structures,”®
particularly with low stimulus luminance. The b-wave,
which is of higher amplitude than the a-wave in normals,
reflects postphototransduction activity. It is largely
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produced in relation to ON- (depolarising) bipolar cell
function.®'® The ISCEV Standard ERG" incorporates a
rod-specific response to a dim light under scotopic
conditions, and a ‘Standard; mixed rod—cone response to
a bright white flash under dark adaptation. This latter
response is dominated by rod function. A recent
recommendation is an additional response to a brighter
flash. The maximal ERGs shown below utilise this
stimulus better to demonstrate the a-wave. Photopic
ERGs are recorded both to a single flash (with adequate
photopic adaptation and a rod-suppressing background)
and to a 30 Hz flicker stimulus; rods are unable to
respond to a 30 Hz stimulus due to poor temporal
resolution. The ERG is a mass response and is therefore
normal when dysfunction is confined to small retinal
areas. This also applies to macular dysfunction; despite
the high photoreceptor density, an eye with purely
macular disease has a normal ERG.

Multifocal electroretinogram

The multifocal electroretinogram (mfERG) is a relatively
new technique'? providing simultaneous assessment of
local retinal areas using a pseudorandom binary
sequence stimulation technique. The stimulus usually
consists of black and white hexagons covering
approximately 50°. The mfERG can therefore provide an
index of central retinal function that extends the data
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Figure 2 This 37-year-old female complained of blurred vision in her left eye following exercise or a hot bath. Other than
questionable pallor of the left optic disc, examination was unremarkable. Visual acuities were 6/5 bilaterally. The symptomatic left eye
shows VEP evidence of marked optic nerve conduction delay; here is also reduction in the left eye PERG N95 component with
shortening of P50 component latency. Note the marked subclinical delay in right optic nerve conduction, presumably explaining the

lack of a relative afferent pupillary defect in relation to the left eye.

provided by the PERG by giving additional spatial
information, and possibly layer localisation within the
retina.> However, in the context of suspected optic nerve
disease the PERG has two main advantages. Firstly, the
N95 component of the PERG provides a direct
assessment of ganglion cell function. Secondly, in relation
to VEP interpretation, the PERG is evoked by a similar
stimulus (a reversing checkerboard), and is thus more
satisfactory than the luminance-related mfERG. The
reader is referred elsewhere'® for more details of clinical
applications of mfERG.

Clinical applications
Optic nerve demyelination

After early clinical studies using VEPs evoked by diffuse
flash stimuli (FVEP),'* a major breakthrough occurred
with a series of publications from the Queen Square
group in London, led by Martin Halliday. Not only was it
demonstrated that the PVEP is delayed in patients with
optic neuritis, but also that the PVEP delay persists
following clinical recovery.'® They further demonstrated
that the VEP could reveal optic nerve conduction delay
in the absence of any signs or symptoms of clinical optic
nerve involvement.'® Usually, VEPs showed conduction

delay with less marked amplitude change. There was a
stronger relationship between visual acuity and any
amplitude change than with the magnitude of the
conduction delay. Many authors (see Holder" for a
review) subsequently confirmed the nature of these VEP
findings. Typical examples appear in Figures 1 and 2. The
VEPs in some patients continue to improve for some
considerable time after the acute episode. This has
been ascribed to remyelination of demyelinated nerve
fibres.'®

In the 19705, prior to the development of computerised
tomographic scanning (CT) or magnetic resonance
imaging (MRI), invasive neuroradiology such as
myelography was the investigation of choice for patients
presenting with spinal cord lesions. The ability of the
VEP to detect subclinical optic nerve demyelination thus
had a profound impact on the management of such
patients, the demonstration of optic nerve conduction
delay obviating the need for myelography by identifying
dissemination of lesions. Initially, when MRI became
readily available, referrals for VEP in patients with
suspected multiple sclerosis reduced. However, as it is
now apparent that the specificity of the changes on MRI
may be less than originally anticipated, the VEP
continues to be of value in the diagnosis of
demyelination.

Eye



Electrophysiological assessment
GE Holder

1136

The PERG is abnormal in approximately 40% of
patients with optic nerve demyelination, but in 85% of
those patients the abnormality is confined to the N95
component, in keeping with retrograde degeneration to
the retinal ganglion cells.’ A small percentage of patients
show P50 component involvement, but then the
reduction in P50 component amplitude may be
accompanied by a shortening of P50 latency (eg Figure 2).
P50 latency increase is not a feature of optic nerve or
retinal ganglion cell disease.

It should be noted that the findings in acute optic
neuritis, for example within 7 days of the onset of
symptoms, differ from those in long-standing disease.
PVEP amplitude shows profound reduction, but there is
much less pronounced latency change. In addition, there
is a reduction in the P50 component of the PERG. This
acute effect on P50 tends to resolve, and as P50 amplitude
returns (usually within a few weeks) the amplitude of the
PVEP also improves. However, a greater PVEP latency
delay is observed synchronous with the improvement in
PERG P50 and PVEP amplitude.'**° At presentation, N95
reduction is concomitant to that in P50, with a similar
NO95:P50 ratio to that in the unaffected eye; a PERG N95
component abnormality may be present after the acute
phase has resolved. Youl et al*' described marked
reduction in PVEP amplitude during the acute phase
accompanied by gadolinium enhancement of the optic
nerve lesion on MRI, in keeping with inflammation.
There was significant increase in PVEP amplitude with
resolution of lesion enhancement. It is postulated that the
recovery of VEP amplitude is associated with resolution
of oedema, and the increasing delay with demyelination.
A later MRI/VEP study reported that poor visual acuity
and decreased VEP amplitude were associated with
atrophy demonstrated by imaging.? In a recent report of
acute optic neuritis, eight of 17 eyes had no detectable
PVEP at presentation, but this was not a predictor of final
visual acuity.! However, it was noted the only two eyes
not to regain 6/12 acuity or better at follow-up had PERG
P50 amplitudes of <0.5uV at presentation (normal
>2.0uV). A larger series is necessary before firm
prognostic conclusions can be drawn.

Newer techniques have been used further to
investigate the nature of the VEP abnormalities in optic
nerve demyelination. Hood et al*® used multifocal VEP
(mfVEP) techniques to demonstrate local areas of optic
nerve damage following optic neuritis. In the acute
phase, all the three patients examined had marked visual
field defects, and reduced mfVEPs in regions of poor
field sensitivity. By 4-7 weeks, fields and mfVEP
amplitudes had recovered, but substantial mfVEP delays
were present at many locations. Jones and colleagues®
used conventional reversal VEPs, but with an elegant
stimulus design such that separate responses were
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recorded during the same session to stimulation of
central, nasal, and temporal regions of the macula. They
concluded that central fibres were most affected by
demyelination.

Ischaemic optic neuropathy

Wilson® provided the first detailed analysis of the
electrophysiological findings in nonarteritic ischaemic
optic neuropathy (NAION), although ‘delays’ in the
PVEP had previously been reported.”® Both PVEP and
flash VEPs (FVEPs) were examined in a mixed group of
15 arteritic and nonarteritic patients. The predominant
abnormality was amplitude reduction; only four patients
showed latency changes (<10ms delay). The VEPs were
invariably normal in the clinically uninvolved eye. The
findings were contrasted with those in optic nerve
demyelination where there is often subclinical
involvement of the fellow eye and where latency delays
in excess of 10ms are common. The high incidence of
normal latency VEPs of reduced amplitude was
confirmed by other authors,” ' although Glaser and
Laflamme found PVEP delays in acute cases. Harding's
group noted that eyes with a delayed or triphasic FVEP
had temporal arteritis. The FVEP delay in arteritic
ischaemic optic neuropathy was confirmed by this
author,?® who further found the PVEP more sensitive
than the FVEP in NAION. Amplitude reductions were
usually relative to the uninvolved eye. Cox et al*
contrasted the PVEPs from 24 NAION eyes with 22 optic
nerve demyelination eyes. There was a mean latency
difference of 21 ms between the involved and the
uninvolved eyes in demyelination, but only 3 ms for
NAION. Wildberger®' found that patients with an
inferior altitudinal defect touching the horizontal
meridian showed apparent latency delays attributable to
preservation of the normal longer latency response from
the superior field.*> Thompson et al** found ‘delays’ in
some cases that could be explained by complete or
partial substitution of the paramacular P135
subcomponent for the usually dominant, macular-
derived P100 component. They emphasised the
difficulties in accurate component identification with a
single midline recording channel and a large stimulus
field (eg 15° radius).

The PERG has received relatively little attention in
ischaemic optic neuropathy. N95 reduction may occur in
ischaemic optic neuropathy (ION),>?*?> but the P50
component of the PERG is more frequently affected in
ION than demyelination,* perhaps reflecting more
widespread vascular-related dysfunction anterior to the
retinal ganglion cells. A report showing histopathological
change in both inner and outer nuclear layers of the
retina in ION has appeared.®



Optic nerve compression

Although tumours such as sphenoid wing meningiomata
can cause optic nerve compression, probably the most
common cause is asymmetrical extension of a pituitary
tumour from the pituitary fossa. Following the initial
report by Muller” that the flash VEP could be of
abnormal latency in chiasmal dysfunction, others noted
that the maximum abnormality localised contralateral to
the visual field defect,®®** as would be predicted. The
first reports using contrast stimuli appeared in 1976. Van
Lith’s group*' used both full and hemifield steady-state
(8 Hz) stimulation in six patients with bitemporal
hemianopia, reporting both phase and amplitude
abnormalities contralateral to the stimulated eye.

Halliday et al** provided the first detailed report of
transient PVEP. They found markedly asymmetrical
scalp distribution in 10 patients with chiasmal
dysfunction using a 16° radius, 50-min check stimulus. In
particular, they first described a ‘crossed’ VEP
asymmetry, typically found in chiasmal dysfunction,
where the findings from one eye are more abnormal over
one hemisphere, but asymmetrical distribution reverses
when the fellow eye is stimulated. Unexpectedly, they
reported ‘paradoxical’ lateralisation, such that maximum
abnormality was localised ipsilateral to the visual field
defect. PVEP abnormalities were present in some eyes
with normal visual fields (kinetic). The findings often
showed distortion of the waveform, and although there
were latency delays, these were of less magnitude than
regularly seen in demyelination where, additionally,
symmetry across the scalp was much more frequent. The
use of hemifield stimulation was discussed in another
publication by the same group.*®

This ‘crossed’ asymmetry was confirmed by Holder**
in 10 patients, but when using full-field stimulation with
a small field, small check stimulus (11°/26 min) the PVEP
abnormality was contralateral to the field defect rather
than ‘paradoxical’. Although apparently contradictory,
the alternate abnormality lateralisation merely reflects
the use of a smaller stimulating field and check size,
paradoxical lateralisation only being a feature of
recordings using a large field stimulus. It was confirmed
that the asymmetrical scalp distribution was not typical
for demyelination. Although abnormal VEPs could occur
in eyes with full visual fields, normal PVEPs could occur
in eyes with field defects. Latency delays were common.
Those findings were extended in a report of 34 patients
with histologically confirmed nonfunctioning
chromophobe adenomas.*® The PVEPs could indicate
marked functional asymmetry when CT scan suggested
symmetrical midline suprasellar extension. The PVEPs
were usually more sensitive than visual acuity and visual
fields. Similar findings subsequently confirmed the
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‘crossed” PVEP asymmetry to be pathognomonic of
chiasmal dysfunction.**>

PERG abnormalities may also occur due to retrograde
degeneration to the retinal ganglion cells.> Some reports
have appeared suggesting the PERG to be a useful
prognostic indicator for visual outcome in the
preoperative assessment of pituitary tumour.*>** That
suggestion was confirmed by Parmar ef al;>* an abnormal
preoperative PERG correlated with a lack of
postoperative recovery.

Primary disorders of retinal ganglion cell function

Leber hereditary optic neuropathy (LHON) and Kjer-
type dominant optic atrophy (DOA)*® are the two most
commonly occurring examples of primary ganglion cell
disease. LHON usually presents with painless sequential
bilateral visual loss and is related to mutation in the
mitochondrial genome. Females are less frequently
affected than males, but the reason for this is not clear. As
there is incomplete penetrance, there are probably other
determining factors. Most patients are between 11 and 30
years of age at presentation, but earlier and much later
age of onset can occur.”””® Currently, genetically
confirmed diagnoses have been established in patients as
young as 2 and as old as 80 years of age® (NJ Newman,
personal communication). There may be disc swelling at
presentation, often accompanied by microangiopathic
changes in the disc vessels, but there is no fluorescein
leakage from the disc even in the late phase of fundus
fluorescein angiography. PVEPs, when detectable, are
usually markedly abnormal with both delay and
waveform distortion, but there is marked reduction in
the N95 component of the PERG.®® One report has
suggested, in the 11778 mutation, that VEP abnormalities
may precede the onset of symptoms.®*

Kjer-type DOA is related to mutation in OPAI on
chromosome 3. There is usually progressive visual acuity
loss associated with disc pallor, a centrocaecal visual field
defect and defective colour vision.*?
Histopathological®®** and electrophysiological
studies>®>® are in keeping with degeneration of the
retinal ganglion cells leading to optic atrophy. As with
LHON, VEPs are often delayed, but there tends to be
better preservation of the waveform in early disease.
Again, in keeping with ganglion cell dysfunction, there is
NO95 reduction in the PERG, and indeed the PERG can
occasionally be profoundly abnormal even in the absence
of marked PVEP abnormality (eg Figure 3). PERG
abnormalities confined to N95 were reported in younger
patients in a recent study of 13 patients from 8 families.*
In more advanced disease, additional P50 component
involvement occurred; there was P50 amplitude
reduction and shortening of P50 latency in severe

Eye
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Figure 3 VEP and PERG findings from three patients with dominantly inherited optic atrophy. Patient A (VA 6/18) has a markedly
abnormal PERG, with clear N95 component reduction and shortening of P50 component latency, but a VEP that falls within the normal
range. Patient B (VA 6/9) shows clear VEP delay, despite the better visual acuity, and has PERG abnormality confined to N95. Patient C
(VA HM), with end-stage disease, had no detectable PVEP. PERG shows loss of N95 with shortening of P50 latency and additional P50
amplitude abnormality (<2 uV).
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Figure 4 Pattern appearance (150 ms onset) and flash VEPs in a 7.5-year-old girl with the intracranial misrouting of albinism. Note
the pronounced contralateral predominance of the VEPs to both pattern and flash stimuli (arrows). Pattern appearance VEPs only
show the positive component at 100 ms in the contralateral hemisphere traces. The flash VEPs show little activity in the first 100 ms in

the ipsilateral hemisphere traces, but a clear FVEP in the contralateral traces. Source: Dorey et al.”
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end-stage disease, but the PERG P50 was always
detectable even when the pattern VEP was extinguished
(Figure 3). A shortening of latency is presumed to reflect
loss of the ganglion cell derived N95 component, with
additional loss of that part of P50 arising in relation to
ganglion function. The earlier, more distally generated
part of P50 remains even in severe ganglion cell loss,
giving apparent shortening of latency.

Patients with LHON tend to present acutely, and have
completely normal P50 components with very poor N95
in keeping with primary ganglion cell pathology. DOA
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rarely presents with an acute event, and the N95 loss in
DOA is assumed to be progressive based on examination
of patients in different stages of disease.®® Diagnostically,
it is often a symmetrical and marked reduction in the
N95 component that suggests primary ganglion cell
dysfunction rather than dysfunction consequent upon an
optic nerve insult.

Albinism

Albinism is a disorder of melanin synthesis resulting in
hypopigmentation. Although perhaps not strictly an
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Figure 5 Electrophysiological findings in a 33-year-old female referred for investigation of presumed optic neuritis consequent upon
dengue fever. There was a 2-month history of right eye visual acuity loss, but no signs other than a questionable right relative afferent
pupillary defect. Note the delayed right eye pattern VEP, but the marked P50 component amplitude reduction suggests macular rather
than optic nerve dysfunction. Full-field ERGs are normal, confirming that the dysfunction is confined to the macular rather than being

part of generalised retinal dysfunction. The spatial extent of the loss of macular function is revealed by mfERG.
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Figure 5 continued.
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optic nerve disease, patients with albinism have an
abnormal misrouting of optic nerve fibres such that the
majority of optic nerve fibres from each eye project to the
contralateral hemisphere. In a normally pigmented
individual approximately 50% of optic nerve fibres
project to the ipsilateral hemisphere, and approximately
50% to the contralateral hemisphere. There are two basic
forms of albinism, oculocutaneous, where there is
hypopigmentation of the skin and hair in addition to
ocular signs, and ocular, where the signs are restricted to
the visual system, and comprise nystagmus, foveal
hypoplasia, fundal hypopigmentation, and iris
transillumination. Not all patients display all signs, and
recent work points to albinism being a spectrum of
disease rather than an ‘all or nothing’ phenomenon.®”
Although the diagnosis is not usually difficult in
oculocutaneous albinism, the absence of cutaneous signs
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in ocular albinism does not facilitate diagnosis. However,
the albinoid misrouting present in both forms may
readily be demonstrated by VEP recording using
multiple channel VEP recording from multiple
posteriorly situated electrodes.®”® (see Figure 4). In
adults, the abnormality is best demonstrated using a
pattern appearance stimulus; in younger patients a
diffuse flash stimulus is effective.””* Indeed, it has
recently been reported that there are dynamic changes
occurring in the intracranial visual pathways of albinos
such that flash VEPs normalise with age, but the pattern
appearance VEPs become more abnormal with
advancing years.”

Other optic nerve disorders

Toxic or nutritional optic nerve dysfunction manifests the
expected electrophysiological abnormalities. There is
VEP abnormality, usually involving both amplitude
reduction and latency delay, and there may be associated
involvement of the N95 component of the PERG.
Examples include ethambutol toxicity and tobacco—
alcohol-related optic neuropathy.”

On the distinction between optic nerve and macular
dysfunction

Previous authors have addressed some of the clinical
difficulties that may be encountered in distinguishing
between optic nerve and macular dysfunction.”>”® Visual
acuity and colour vision loss are features of both, and a
relative afferent pupillary defect, although often
associated with optic nerve dysfunction, may also occur
in macular disease.”*”® Equally, a delayed VEP is
commonplace in macular dysfunction (Figures 5 and 6),
and a delayed pattern VEP should not be assumed
necessarily to reflect optic nerve disease in a
symptomatic patient until it has adequately been
demonstrated that macular function is normal. The
finding of a delayed PVEP should therefore initiate
further testing of macular function. This is probably best
performed with PERG, but mfERG may also identify
macular dysfunction (eg Figure 5). Note that even
relatively mild PVEP delay is associated with marked
reduction in PERG P50 in patients with macular
dysfunction (Figure 6).

The PERG has been shown to play a crucial role in
unexplained visual acuity loss, either where the fundus is
normal or where there is disc pallor unaccompanied by
vessel attenuation, visible abnormality at the macula or
pigment migration; or when there are only mild signs but
considerable visual loss." An undetectable PERG is not a
feature even of severe optic nerve disease.” Marked P50
amplitude reduction is uncommon in optic nerve
dysfunction, and usually occurs only in severe disease



Electrophysiological assessment
GE Holder

a PVEP latency in macular dysfunction (N=227)
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Figure 6 (a) Histogram demonstrating the incidence of PVEP delay in macular dysfunction and multiple sclerosis. All values
>105ms are abnormal. Note the high incidence of PVEP P100 delay in macular dysfunction, with >50% of eyes having a VEP delay
>10ms. The number of eyes in each histogram bin is indicated. Source: Holder.! (b) Mean PERG P50 component amplitude for the
patients shown in (a) against PVEP P100 component latency. P100 latency >105ms is abnormal for the laboratory. No eye with
macular disease and P100 latency greater than 135ms still has a detectable PERG. Mean P50 amplitude in patients with a latency of
125-134ms is <0.5 4V in macular disease, but ~3.0 4V in optic nerve demyelination. The normal latency values shown in the multiple
sclerosis group reflect the ‘normal” eye in patients with monocular VEP delay. Note that even in eyes with no detectable PVEP the P50
component remains well within the normal range in the patients with optic nerve dysfunction. Source: Holder."

accompanied by shortening of latency. An undetectable
PERG, or severe reduction unaccompanied by P50
latency shortening, thus indicates macular dysfunction.
In contrast, the PERG may be normal in optic nerve
disease, or may show amplitude reduction confined to
N95, an almost invariably present observation in primary
ganglion cell dysfunction.

Concluding remarks

Electrophysiological investigation is a powerful tool in the
objective evaluation of optic nerve and intracranial visual
pathway function. Clinically, it is used alongside the

structural information provided by neuroradiological
investigation to give a more complete assessment in an
individual patient. The VEP is a particularly useful tool,
and can demonstrate optic nerve demyelination
unaccompanied by signs or symptoms. However, VEP
abnormalities are nonspecific, and an adjunctive test of
macular function is required before a delayed or otherwise
abnormal VEP in a patient with visual symptoms can be
assumed to reflect optic nerve rather than macular
dysfunction. Multifocal ERG can also be used, but the
objective assessment of retinal ganglion cell dysfunction
directly provided by the N95 component of the PERG, and
the fact that the PERG is elicited by a stimulus directly
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comparable to that used for the pattern VEP, suggests that
the PERG is the more appropriate parameter.
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