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Between March 1983 and January 1988 delayed pattern visual evoked potentials (PVEP)
in 67 patients with distal visual pathway dysfunction. Many of these patients had been
referred for neurophysiological examination because of possible optic nerve dysfunction. These
patients also had pattern electroretinography (PERG) performed which in all cases showed an
abnormality of the main positive P50 component. None of these patients had an abnormality
confined to the negative N95 component, the type of abnormality usually found if the PERG is
abnormal in optic nerve disease. It is suggested that PERG recording should now be a routine adjunct
to the PVEP in the assessment of anterior visual pathway dysfunction.
SUMMARY

were observed

Patients with symptoms of anterior visual pathway
dysfunction or of possible multiple sclerosis are
frequently referred for pattern visual evoked potential
(PVEP) examination. Although optic nerve disease
often causes a delayed PVEP, retinal disease can also
result in PVEP delays.'4 It is therefore essential that
the presence of a PVEP delay is not assumed necessarily to indicate optic nerve dysfunction. This report
presents the pattern electroretinogram (PERG) findings in 67 patients with delayed PVEPs due to
dysfunction distal to the optic nerve. A preliminary
account of this work has been presented.7

Many patients referred for retinal assessment do not have
VEP recording. It has, however, become routine practice in
our laboratory to record the PERG in patients with an
abnormal PVEP.
PVEP recording was performed according to standard
techniques which have been fully described elsewhere.89
Binocular PERG recording was performed using gold foil
corneal electrodes (Carter and Hogg, London) placed in the
fornices of the lower eyelids. Reference electrodes were
placed at the ipsilateral outer canthi.'° Use of this recording
technique ensures that there is no significant contamination
either from the fellow eye or from the cortically generated
PVEP..'.3 Binocular stimulation was delivered by a moving
mirror checkerboard stimulator subtending a total field of

Patients and methodology
The 67 patients were all routinely referred for electrodiagnostic study to the South East Thames Regional Department of
Clinical Neurophysiology at the Brook Hospital between
March 1983 and January 1988. The final diagnoses of
patients with PVEP delays and PERG recording examined
during this period were reviewed. This report describes
patients with a PVEP delay due to anterior visual pathway
dysfunction distal to the optic nerve. The diagnoses in the
patients who fulfilled these criteria are shown in table 1.
Correspondence to: Dr G E Holder, Regional Department of Clinical
Neurophysiology, Brook General Hospital, Shooters Hill Road,
London SE18 4LW, United Kingdom.

Table 1 Diagnoses in 67 patients with PVEP delays
Degenerative*
Retinal vascular lesion
Inflammatory
Amblyopia
Media opacity
Stargardt's disease

Refractive error
Retinal detachment
Diabetic retinopathy
Disciforn macular degeneration
Glaucoma
Placoid
Quinine retinopathy
Central serous retinopathy

Hypothyroidism
Undiagnosed maculopathy

Total
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*Includes retinitis pigmentosa type conditions.
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Table 2 PERG normal values (16 subjects, 18-48 years)

Mean
SD

Absolute amplitude (peak-to-peak)

PS0

N95

PS0

N95

N95:P50

P50

N95

N95:P50

5167
2-25

9311
3-48

3-74
0-81

5 71
1-15

1-54
0-18

0-93
0-04

0-92
0 05

0-93
0-03

140 with an individual check subtense of 34'. Stimulus
intensity was 400 cd/m2 with a contrast of 89%. Signal
processing was performed by a Nicolet CA1OOO averager
with a bandwidth of 1-100 Hz. At least two trials consisting
of a minimum of 200 averages were acquired using the
"interrupted stimulation" technique which has previously
been reported to minimise inter-trial variability."3 The patient
is instructed not to blink while the pattern is reversing, but
simply to look at the fixation spot in the centre of the screen
and keep still. Every four or five seconds the movement of the
pattern is suspended, data collection is stopped and the
patient told to blink a few times. The patient is then
instructed to resume fixation and averaging is resumed when
the input signal has stabilised. This technique is used in
conjunction with the internal artefact reject system of the
averager. Full details of electrode position, and other technical considerations during recording have appeared elsewhere.'4 The application of high technical standards is
necessary to ensure clinically reliable data.

Results

The normal PERG using the techniques described
consists of a main positive P50 component with a
mean latency of some 52 ms followed by a larger
negative N95 component at some 93 ms. Normal
values are described in full elsewhere,'3 and are
summarised in table 2. In many patients these are
preceded by a small negative component at some
35 ms (N35). PERG analysis concentrated on the
latency of P50 and the amplitudes (peak-to-peak) of
* Mild PERG abnormality
Moderate PE RG abnormality
C Severe PERG abnormality

ES

12

Interocular amplitude ratio

Absolute latency

10_

P50 and N95. In our experience use of the "interrupted
stimulation" technique is essential to reduce N95
variability to a minimum, but some authors6 with
particularly sophisticated data acquisition/artefact
reject systems do not find that this technique offers any
particular advantages. PVEP analysis was purely
concerned with the latency of the major positive
component (P100).
All 67 patients had PVEP P100 component latency
delays in one or both eyes, which was a criterion for
inclusion in the study. The PVEP delay was unilateral
in 50 patients, bilateral in 17 patients. The PVEP
latency delays in the 84 eyes are shown in fig 1. Typical
findings are shown in figs 2-5.
The P50 component of the PERG was abnormal in
all eyes with PVEP delays. The abnormalities in fig 1
appear as mild, moderate and severe. A mild abnormality was defined as an eye with an absolute P50
component amplitude of 1 5-1 9 pV or an interocular
P50 amplitude ratio of 0-51-070. A moderate abnormality was defined as an absolute P50 amplitude of
1-0-1l4 pV or an interocular P50 ratio of 0-30-0 50.
Only one patient (with a retinal branch vein occlusion)
had a marked P50 latency delay with no associated
amplitude changes. This has also been classified as
moderate. A severe abnormality was an absolute
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Fig 1 Histogram detailing the PERG and PVEPfindings in
84 eyes with distally generated PVEP delays. PVEP delays
are given in msec above the upper limit of normalfor age. See
text for details of PERG abnormality classification.

Fig 2 A 39 year old male with a six week history of blurred
vision in his left eye. He was referredfor VEP examination
with a provisional diagnosis of left retrobulbar neuritis. Right
eye visual acuity 6/5, left 6/9. Left eye PVEP shows a 20 ms
delay but the PERG shows a moderate P50 component
abnormality in keeping with dysfunction distal to the optic
nerve. An ophthalmological opinion was sought which
suggested a resolving central serous retinopathy. In this and
subsequentfigures dotted vertical lines indicate the upper
limit of normal-latency. OD right eye, OS left eye. PVEP
calibration 100 msec, 5 pV. PERG calibration 50 msec, 3 p V.
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Fig 3 A 22 year old male with afour day history of bilateral
blurring of vision and left retro-orbital headache was referred
for neurosurgical assessment of bilateral disc swelling thought
to be papilloedema. Right eye visual acuity 6/6, left 6/18. CT
scan was normal. PVEPs are bilaterally delayed; PERGs are
bilaterally delayed and reduced in keeping with probable
macular dysfunction. Examination of the CSF showed 147
lymphocytes but was otherwise unremarkable. Detailed
ophthalmic examination revealed bilateral serous
detachments at the maculae and an overall appearance
compatible with Harada's disease. OD right eye, OS left eye.
PVEP calibration 100 msec, 5 p V. PERG calibration
50 msec, 3 p V.

amplitude of <1 0 pV or an interocular ratio of
< 0 30. It is notable that PERG latency delays were
not a prominent feature, only occurring in 14/84 eyes
(two detachments, one central serous retinopathy, one
viral retinopathy with serous detachment, one branch
vein occlusion, one retinal dystrophy, one macular
dystrophy, one placoid and both eyes of patients with
birdshot retinopathy, Harada's disease and severe
myxoedema).
No patient had a PERG abnormality confined to
the N95 component. Reductions in N95 regularly
occurred as would be anticipated in a component
occurring subsequent to the earlier P50. The N95:P50
ratio was usually not reduced (for example figs 2 and
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Fig 4 A 16 year old male with bilateral blurring and
distortion of vision. Right eye visual acuity 6/12, left 6/18.
Thefundal appearance suggested Stargardt's disease (a
macular degenerative condition) and the patient was referred
for electrodiagnostic testing. The P VEPsfrom both eyes
show a grossly abnormal P100 latency. The PERG is
bilaterally extinguished in keeping with severe macular
dysfunction. Flash ERGs (5 min dark adaptation single
bright whiteflash) are normal. OD right eye, OS left eye.
PVEP calibration 100 msec, 5 p V. ERG calibration 25 msec,
200 p1 V. PERG calibration 50 msec, 2ju V.
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Fig 5 A 45 year oldfemale who presented with a
mid-thoracic cord lesion. Right eye visual acuity 6/5, left 6/5.
Six years before there had been an episode of blurred vision in
the right eye. Left eyefindings show no definite abnormality
but right eye PVEP is delayed and reduced. The PERG N95
component from the right eye shows a marked reduction;
PERG P50 is normal and symmetrical. Thefindings are those
of optic nerve dysfunction. OD right eye, OS left eye. PVEP
calibration 100 msec, 5 pV. PERG calibration 50 msec, 2 p V.

3), indicating that N95 was not proportionally more
affected than P50. Occasionally the N95:P50 ratio was
reduced relative to the fellow eye but the P50
amplitude was always less than 1-0 pV when this
occurred; accurate measurement of both components
may be difficult when P50 is severely abnormal. A
N95:P50 ratio greater than 4 0 occurred in one eye
with traumatic cataract, one eye with a retinal dystrophy and both eyes of a patient with birdshot
retinopathy suggesting that N95 could be relatively
unaffected even though P50 was significantly reduced.
Discussion

The assessment of macular dysfunction with the
PERG has produced consistent findings. Abnormalities invariably occur in the main positive P50
component;56 13 15 6 there have been no previous
reports of a PERG abnormality confined to the N95
component in macular disease. The results of this
study are in keeping with previous reports. PVEP
delays in macular dysfunction have previously been
described,'4 and these observations are also confirmed
by the present study. The findings in glaucoma are
less well defined. Although there are many reports of
P50 component involvement,'3 17-19 there has been a
recent report that the N95 component may be more
affected.20
Initial reports of the PERG in optic nerve disease
described inconsistent abnormalities of the P50 component.5 1721-24 Some authors concluded that the PERG
was of little value in optic nerve disease.25 26 However,
it has recently been shown6'1327 that if the PERG is
abnormal in optic nerve disease, the abnormality is
usually confined to the late negative N95 component
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amblyopia in "distal anterior visual pathway dysfunction" is admittedly contentious. However, PERG P50
component reductions in amblyopia have previously
been described,37" but not in all studies.4"42 The
present report would no longer accurately represent
the routine throughput of a regional department if the
patients with delayed PVEPs due to refractive error or
amblyopia were excluded.
The diagnostic difficulties in swelling of the optic
disc are well known.43" Optic disc swelling, although
not due to raised intracranial pressure, may be referred
to neurological/neurosurgical units for assessment of
possible papilloedema. The initial investigation will
probably be CT scanning. If no intracranial cause for
raised pressure is shown then electrophysiological
testing, including PERG, may help define the site of
the lesion (fig 3). Papilloedema due to raised intracranial pressure does not in itself cause a PVEP
abnormality.45" Similarly, elderly patients in particular may have early macular changes on ophthalmoscopy which are of uncertain functional significance.
We have seen one case where visual loss due to
suprasellar extension of a pituitary adenoma was
initially attributed to such changes. The patient suffered irreversible visual loss (NPL, 6/36) before the
correct diagnosis was reached. PVEPs were extinguished but the PERG P50 component in both eyes
showed no definite reduction when electrodiagnostic
examination was eventually performed.
The observation that optic nerve disease could
selectively affect the N95 component of the PERG'3 27
indicated that the PERG could assist the distinction
between macular and optic nerve disease, and this was
confirmed in a report which compared the findings in
patients with retrobulbar neuritis to those in patients
with diabetic maculopathy who also had PVEP
delays.6 The present series extends these findings and
further establishes the role of the PERG in the
assessment of anterior visual pathway dysfunction.
Knowledge of the PERG facilitates the accurate
interpretation of an abnormal PVEP.
I am grateful to Dr Keith Chiappa for access to
material in press; to Professor Geoffrey Arden for
reading the original manuscript and to both Mr Chris
Hogg and the Medical Photography Department,
Greenwich District Hospital for assistance with the
figures.
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