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mology is described across a wide range of ophthalmogenetic disorders, including albinism, Pelizaeus-Merzbacher
disease and spastic paraplegia. The VEP approach is based on a four parameter subdivision of the electrophysiologi-
cal response which includes, (1) amplitude (uV), (2) latency (ms), (3) waveform (component specificity), and (4)
topography (potential distribution across the electrode array). In the case studies presented, evoked potential

measures provide clinically useful and even at times invaluable insichts concerning the presence, extent and type of

.......... provide clinically useful and even at times invaluable insights concerning the presence, ext pe of
visual pathway compromise. The four parameter subdivision along with age matched normative standards provides a
sensitive and reliable means to facilitate detection and diagnosis of sensory anomalies in the developing visual
system. The non-invasive electrophysiological assessment of visual function and its maturational course also provides
early identification of affected family members as well as an objective measure of various treatment regimes which,
particularly for the pre-verbal and non-verbal child, is critical for effective patient care.
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1. Introduction tion of genetic patterns or modes of inheritance.
In addition to its role as a diagnostic probe of

In a previous review [1], the application of functional integrity along the visual pathway, the
visual evoked potential (VEP) assessment in vari- VEP was shown to effect greater precision in the
ous ophthalmogenetic disorders was described. characterization of a given family pedigree. Thus,
By way of a diverse sample of genetic anomalies, the major benefit of a non-invasive electrophysio-
the review emphasized not only the importance logical approach to ophthalmogenetic evaluation
of the VEP in the detection, differential diagnosis is more accurate genetic counselling and a con-
and prognosis in a variety of ophthalmogenetic comitant improvement in treatment. If non-inva-
diseases but also its importance in the specifica- sive methods for assessing visual function are
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a sensitive and powerful probe of visual function
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diatric ophthalmogenetics is described along with
various stimulus and recording techniques de-
signed to optimize VEP testing in infants and
young children. An acute and poignant motive for
this test approach is the need for non-invasive
and accurate methods to: (1) assess the integrity
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genesis, (2) detect, at an early stage, visual system
anomalies that can lead to irreversible visual im-
pairment, and (3) effect early identification of
affected family members.

2. Methodology

Paediatric stimulus and recording strategy

For clinical purposes, the thrce most common
modes of stimulation for recording cvoked corti-
cal responses are the luminance flash, the pattern
reversal and the pattern onset/offset or pattern
appearance /disappearance, as it is also labelled
(Fig. 1). At a slow rate of stimulus presentation,
as depicted, each of these stimulus conditions has
its own response signature in terms of number,
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ous peaks and troughs. If the stimulus rate is
sufficiently slow to allow the relevant brain re-
sponses to recover prior to the next stimulus
presentation, the VEP is classified as transient.
As depicied in the luminance VEPs from a
25-week-old normal infant (Fig. 2), with higher
and higher rates of stimulation, waveshape speci-
ficity detcriorates and the responses begin to
resemble a sinewave with the fundamental fre-
quency or harmonics of the stimulus frequency. If
the rate of stimulation is sufficiently high to pre-
clude response recaovery, the VEP is termed stcady
state. Both the higher frequency steady state VEP
and the transient VEP are important for clinical
application and frequently yield complementary
information. The latter, however, also yield wave-
form information which, as seen in Figs. 3 and 4,
is particularly useful in assessing response matu-
ration. As illustrated for both the luminance flash
and the pattern onset, the response profiles, in-
cluding waveform, amplitude and latency are age
sensitive. The development of characteristic
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Fig. 1. Three classic VEP types recorded from an adult to
luminance flash (upper trace), patiern reversal (centre trace)
and pattern onset /offset (lower trace) stimulation. The lumi-
nance flash (recorded with 0.6 I light intensity)} is a compli-
cated waveform consisting of several major and minor positive
and negative response deflections. The pattern reversal re-

sponse (r‘ corded with a 06" check gize and with each revergal
SPONSe ArecorgGed witn a 76 CneoK S1Z¢ ang with €acn reversa:

presented once every 400 ms) consists of a negative-positive-
negative waveform complex. The patlcm onset /offset re-
Sponse (recorded with an 18’ check size) consists of a tr iphasic
onset featuring a positive-negative-positive wavetorm complex
and an offset consisting primarily of a single positive peak. In
this exampie, the pattern was presented for 300 ms and was
replaced with a homogeneous field of the same mean lumi-
nance for 500 ms. Mean luminance and contrast for both
pattern responses was 95 cd/m° and 80%. respectively
(adapted from [3]).

adult-like responses, particularly in waveform, re-
quires a rather lengthy maturational coursc.

Visual stimulation

The two stimulus configurations most fre-
quently referred to in this overview are the
checkerboard (primarily pattern onset), and ho-
mogeneous luminance field (primarily luminance
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flash). Checkerboards, typically generated on a
computer driven monitor, are the pattern config-
uration of choice over more simple patterns such
as horizontal or vertical stripes. The rational be-
hind this choice is two-fold. First, because of
greater contour (edge) information, checker-
boards typically vield larger amplitude responses
than corresponding bar patterns [2]. Second, the
checkerboard, with its multiple contour orienta-
tions may more readily bypass stimulation orien-
tation deficits due to nystagmus and /or refractive
errors such as astigmatism [3,4]. In terms of mode
of pattern stimulation, the pattern onset is the
method of choice. The rational behind this pref-
erence is also two-fold. First, the pattern onset,
particularly the negative CII deflection, reflects
primarily spatial contrast responses compared to
the stimulus reversal mode which, in addition,
also reflects stimulus motion responses [5-7].
Pattern reversal contamination of a pattern spe-
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cific response with a movement response is most
likely the reason that the pattern onset (unlike
the pattern reversal) correlates more directly with
behavioural estimates of spatial vision. Second,
the pattern onset stimulus 1S more appropriate
for patients with oculomotor instabilities and /or
misalignments and for younger patients since the
lengthy and highly accurate fixation demands of
the pattern reversal are not required for pattern
onset [3,4,8].

Unless otherwise noted, for data presented
herein, the contrast of the check elements was
80%:; mean luminance of the stimulus field was
around 100 c¢d/m?.

Luminance flash stimulation was typically gen-
erated with a commercially available light flasher
which allows high intensity pulses of light (a 1 Hz
rate and 0.6 J intensity were employed in this
study). However, a homogeneous luminance stim-
ulus, sinewave modulated, is an appropriate stim-

WAWAWAVA
MATATATARAY,

]

200 ms

%

20V

Fig. 2. Transition from transient to steady state VEP with increasing stimulus frequency. The luminance flash VEPs depicted (right
traces) were recorded from a 25-week-old full term infant to square wave modulation of a light source (left traces). Responses at |
Hz and 2 Hz show the expected waveform complexes. As the frequency rate increases, specific waveform features diminish and the
response develops a sine-wave appearance with a fundamental frequency equal to that of the stimulus frequency (adapted from [3]).
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ulus configuration for assessing temporal vision
(i.e., temporal responsivity). Growth functions of
VEP temporal responsivity are now available [9].

VEP recording

To record pattern or iuminance responses, an
appropriate recording montage is important. For
the data presented, the electrode montage con-
sisted of five “active” electrodes positioned across
the occiput, 1 cm above the inion and linked to a
high forehead reference (or linked ear lobes). An
additional ground was placed at the vertex. Filter-
iug and ampuucatlon followed standard VEP
recording procedures. For more details on stimu-
lIus and recording procedures in paediatric popu-

lations, see Apkarian (1994).
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Fig. 3. Maturation of the luminance flash VEP from 1 week of
age to 20 years. Within the first months of iife the iluminance
flash response is simpler in waveform and is characterized by
a major positive peak with latency of about 200 ms. During
development, the luminance flash response increases in com-
plexity and the latency of the major deflections decreases. In
the adult the first major positive peak has a latency around
100 ms. Very early latency deflections appear less sensitive to
maturational changes. Note also the trend towards an in-
verted U-shaped function of response amplitude as a function
of age (adapted from [3]).
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Fig. 4. Maturation of the e
age to 20 years. The immature pattern onset response consists
primarily of a single, slightly sluggish, positive waveform de-
llCLllUll Wlll) a ldlCIlLy, d[LEl’ dUUUl ) lTl()IllIlb ()l dU()Ul '15{'1 ms.
The major maturational improvements occur primarily in re-
sponse waveform which reaches the adult-like positive (CI),
negative (CII), positive (CIII) waveform complex around pu-
berty. Note that at around 10 years of age, identification of
response components is difficult as the response begins to
reflect a transitional stage. Pattern onset was 40} ms, offset 460
ms, pattern size 12, mean luminance 90 cd/m? and contrast

80% (adapted from [3)]).

Lastly, if neonates and younger infants are

tected. 1t 1
tested, 1t

is important to record the visual evoked
, 1018 1mport re visual

responses only under behavioral state defined
conditions [9,10].

3. Results and discussion

In addition to emphasizing maturational
changes in the VEP response profile, the ap-
proach adopted in this overview of electrodiagno-
sis in paediatric ophthalmogenetics is rather
straightforward.

Response analysis concentrates upon four sim-
ple response parameters: amplitude (uV), latency
(ms), waveform (component specificity) and to-
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pography (potential distribution across electrode
array). The four-parameter subdivision of the
evoked response is purely descriptive in that these
response variables are largely interdependent.
With this basic approach in mind then, what can
be expected from exammatlon of the first VEP

Amplitude

In general, one can expect an amplitude range
of the transient VEP from 5 to 20 nV. However,
perfectly normal controls may exceed this range
in either direction. Further, absolute amplitude

ving in inverted U-shaped
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function across the age span. Because of the
extreme variation of normal amplitude values
even within the same age group, absolute ampli-
tude measures for comparisons between individu-
ais typicaily are not clinicaily viable.

However, in some clinical conditions absolute
amplitude values may be used to establish pres-
ence or absence of measurable responses. Appli-
cation of absolute amplitude is shown in Fig. 5,
depicting responses from an infant born with
severe and multiple congenital malformations.
The primary clinical question in this casc was
simply, “Is this baby blind? Can she see light; can
she see patterns?” As can be seen from Session I,
for this infant VEP signals of sufficient amplitude
to be distinguished from background noise yield a
positive answer to both of these questions and in

this case also contributed to the medical decision
to nrnvldp this infant with life support surgery
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If more specific questions are posed such as,
“How much can the baby see and/or are there
maturational improvements?” then relative am-
plitude measures within the same individual pro-
vide more information. In Fig. 5, Session II, for
example, the minimum and optimum pattern sizes
which yield reliable responses demonstrate matu-
rational improvements. Relative amplitude mea-
sures can also provide useful information regard-
ing visual acuity. How is this accomplished?

This query is addressed by the following exam-

le which stresses the close relationship between

the smallest pattern size yielding a VEP response
and Snellen acuity. At the left of Fig. 6 are
presented the binocular pattern onset VEPs from

el
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Fig. 5. VEP amplitude measures to determine presence or
abscnce of a visual TeSponse and to monitor developmem if
an infant with craniostenosis, microphthalmus and other con-
genital anomalies. For Session 1 (left), both a reliable pattern
onset response and a response to luminance flash were pre-
sent. The pattern size yielding the largest amplitude was 220',
the smallest, 110’. During follow-up approximately 4 months
later (Session II), measurable improvement in visual respon-
sivity was noted. The pattern size yielding the largest ampli-
tude improved to 55 and the minimum decreased to 38'.
Note, also, that both the pattern and luminance flash re-
sponses are poorly differentiated and show, particularly for
Session II, delayed response latencies for age. Vertical cali-
bration bar equals 5 ¢V for pattern onset responses and 10
w1V for luminance flash (adapted from [3]).

a normal 8-year-old. Notice that the pattern on-
set respormnse lb liIlmdlUrC I\d[[lCI' lﬂdIl [rl pﬂdbl(,
waveform with clearly distinct CI (positive), CII
(negative) and CIII (positive) deflections, the re-
sponses are dominated by a single positive peak
labelled in this overview as PI; the longer latency
negative deflection is labelled N1. With smaller

and smaller pattern sizes, VEP amplitude de-

creaceq. To the richt varinug narametere of the
Creascs. 10 ull rigni, varicus parametiers o1 tne

responses have been quantified in relation to
pattern size. For example, in the upper graphs,
amplitude (of P1) and latency (of P1) have been
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plotted as a function of pattern size while in the
lower graph, amplitude at varying pattern sizes is
plotted as a function of electrode from left to
right occiput. For practical purposes, VEP acuity
can be estimated simply by determining the
smallest pattern size yielding a reliable response
1.121. Under the test conditions of the data
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presented here, a pattern size of 3 yields a
Snellen equivalent of 1 (20/20). The correlation
diagram of Fig. 7 shows that with appropriate
recording conditions, there is a significant and

linear correlation between VEP acuity and
Snellen acuity.
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With this extraordinarily simple yet powerful
means of determining visual acuity, it is possible
to assess, in Snellen equivalents, spatial vision
objectively. This is of particular importance for
the pre-verbal and non-verbal patient. Fig. 8 de-
picts the VEP response profile from a severely

pcvr‘hnmntnr retarded child. Psychomotor retar-
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dation is of frequent incidence in a variety of
genetic disorders [13]. Despite the serious behav-
ioral limitations with which this child presents,
relative VEP measures allow not only the deter-
mination of visual acuity but also the objective
assessment of visual maturation and the detection

30
N //\
10 4
patiern size {min)
0 — T T T
200 1
100 {

30 A

20

electrode

Fig. 6. VEP measures of spatial vision for acuity assessment. Left column depicts binocuiar pattern onset responses from a normal
8-year-old control to varying pattern sizes. The immature response consists of primarily a single positive peak which increases in
amplitude in response to the optimum pattern size and then decreases in amplitude as pattern size decreases as shown
quantitatively in the amplitude versus pattern size function (upper right) plotted for an occipital electrode positioned one cm above
the inion and three cm left of midline (electrode no. 2). Peak amplitude values for the data depicted are measured peak to baseline
(mean amplitude of the first 40 ms of the response). The smallest pattern size yielding a response provides the VEP acuity. In this
case the smallest pattern size was about 3', yielding a VEP acuity in Snellen equivalents of 1 (20/20). VEP latency is also affected
by pattern size showing an inverse relationship as depicted in the latency versus pattern size function (centre insert). The effect of
amplitude on electrode position across varying pattern sizes is illustrated in the amplitude versus electrode function (lower right).
In this example, the peak amplitude responses occur at the midline (occipital electrode no. 3).
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of possible interocular differences. In this case,
VEP amplitude measures show an interocular
difference of nearly fourfold supporting the oph-
thalmic indication of amblyopia. An additional
point of interest is that while pattern responses
show an abnormal interocular amplitude differ-
ence, interocular latency is comparable for mea-
surable responses. The amblyopic eye does just
about as well as the fellow eye in terms of re-
sponse latency. The relatively normal latency val-
ues for age and stimulus conditions indicate that
there is no visual pathway pathology associated
with delayed neuronal conduction times. What
might be expected, however, in patients in which
this is indeed the case?

Latency

To address this problem, the next electrophysi-
ological variable to be examined is latency. Un-
like amplitude, absolute latency values can be
readily compared across subjects provided stimu-
lus and recording conditions as well as age are
carefully matched. As suggested earlier, develop-
mental changes in latency are dramatic and cer-
tainly must be borne in mind. In the following
examples, the clinical application of relative and
absolute latency measures is evaluated.

Fig. 9 emphasizes absolute latency delays in-
volving both eyes as depicted in the pattern onset
response of a three year old boy. This young boy
is retarded and has a serious degenerative disease
called spastic paraplegia. It is a progressive, de-
generative disease of primarily the spinal cord.
Frequently in patients with spastic paraplegia,
there is optic atrophy and visual impairment. In
this child, however, ophthalmic as well as physical
symptoms of spastic paraplegia were not yet pre-
sent. VEP evaluation, none-the-less, revealed sig-
nificantly delayed response latencies. Peak re-
sponse latencies of at least 250 ms were recorded;
for age a latency of around 150 ms is expected.
The significantly delayed latency results indicate
serious involvement of the visual pathway and in
this particular case, revealed the condition of
optic neuropathy prior to clinical symptoms.

Fig. 10 is presented simply to illustrate that
latency delays also can occur between the two
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Fig. 7. Correlation diagram of VEP acuity estimates from
pattern onset responses versus Snellen acuity. Linear regres-
sion analysis yields a highly significant correlation between
the two variables as emphasized by the dashed line positioned
along the diagonal; the regression coefficient is beta = 0.88,
r = 0.91. Note that the analysis is based on 108 acuity correla-
tions. The reduced number of data points illustrated is due to
graphics overlap from equal values (adapted from [3]).

eyes or across the left and right hemispheres. In
either case, under normal conditions, interocular
or interhemispheric latencies should be about
equal. In this one year old boy, however, who
suffers from a tumour behind his left eye this is
not the case. Responses from the left occiput
from the left eye are significantly delayed com-
pared to right occiput responses from either eye.
These results indicate that the delays are due to
involvement of temporal retinal projections from
the left eyve. In this case, the latency parameter
facilitated in locating the site of visual pathway
pathology.

Waveform

The previous clinical cases emphasized the
VEP parameters amplitude and latency; the next
electrophysiology parameter to receive attention
is waveform. In examining VEP waveform, two
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questions can be posed, 1) Is the waveshape
appropriate for the specific stimulus and record-
ing conditions? and 2) is the waveshape normal
for age. Both questions arc addressed in the cases
which follow.

The VEP response profile in Fig. 11 was

recorded from 1tal

a young child with a
malformation syndrome which obstructs normal
visual input. In addition to several surgical proce-
dures to clear the obstructing eye lids, this child
also underwent occlusion therapy for possible
deprivation amblyopia of the right eye. Traces (o
the left depict the pattern onset response; to the
right are the luminance flash responses. Inspec-

tion of the responses reveals that waveforms for

conecenital
conger

fellow eye (OS)
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both the left and right eye are poorly differenti-
ated regardless of stimulus condition.
Furthermore, no improvement is seen either
with age or with occlusion therapy. Despite early
surgical intervention and preventative amblyopia
treatment, the VEP continued to show significant

abnormalitieg that could not be accounted for by
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the condition of amblyopia alone. In this case the
VEP not only provided an objective monitor of
treatment but also aided in the detection of fur-
ther underlying disease process.

The last case in which waveform is emphasized
is presented in Fig. 12 in which the amplitude of
the contrast sensitive components of the pattern

onset response [11], measured as the difference in

amblyopic eye (OD)

P!

amplitude (V)

ZJ/\/\,“
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Fig. 8. VEP acuity estimated in the fellow eye (left column) and amblyopic eye (right column) of a 6-year-old with anisometropic
amblyopia. Relative amplitude measures of the pattern onset response between the two eyes show that the minimum recordable
pattern size differs by a factor of about 4 between the fellow eye (OS) and the amblyopic eye (OD). The peak (labelled P1 for
convenience) to baseline amplitude versus pattern size function (upper insert) shows an interocular difference across the pattern
size range which increases as pattern size decreases. Plotting the difference amplitude between the peak and the subsequent
negative deflection (PI-NI) emphasizes an attenuation of the amblyopic eye for primarily the smaller patterns and robust responses
for the range of large pattern sizes (centre insert). Dashed lines for non-measurable responses are extrapolations to zero amplitude.
Despite the significant amplitude attenuation of the amblyopic eye compared to the fellow eye, the monocular latency values (lower

inset) are similar for measurable responses.
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amplitude of the CI-CII components, is plotted
as a function of dioptric power of concave oph-
thalmic lenses. In this example, check size was
12'. It is well established that pattern specific
components of the VEP response are quite sensi-
tive to defocus and that electrophysiological mea-
sures of blur correlate well with subjective mea-
sures [14-16]. Under optimum conditions, VEP
attenuation of the pattern specific response can
occur with as little as 0.25 dioptres of refractive
error [17]. This high degree of VEP sensitivity to
optical defocus provides an objective means to
measure amplitude of accommodation. Objective
estimates in this case were critical as the young
patient was a malingerer. Following correction of
refractive error (a spherical correction of —1.75
D was necessary), VEP amplitude remained high
and nearly constant to about —4 D, the highest
minus lens introduced. Although accommodating
appropriately to the small check elements, the
patient stated that no checks or patterns of any
type could be seen. However, in this case objec-
tive estimates of refraction and accommodation
confirmed that the discrepancy between subjec-
tive report and negative ophthalmic findings was
functional rather than organic. Following VEP

epllepsy HSP downs
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Fig. 9. Pre-symptomatic delayed latency in the binocular (OU)
and monocular (OS and OD) pattern onset VEPs of a young
child with spastic paraplegia. The vertical dashed line drawn
through the major positive peak is severely delayed (about 250
ms) indicating optic neuropathy. The pedigree shows a domi-
nant mode of inheritance. The proband is denoted SP (adapted
from [1]).
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Fig. 10. Interocular and interhemispheric latency delays in the
pattern onset (pattern size 55 min) and luminance flash VEPs
of a child with neurofibromatosis and a concomitant left eye
optic glioma. The vertical dashed line in the monocular pat-
tern VEPs derived from left (upper traces), midline (middle
traces) and right (lower traces) occiput represents the peak
latency (129 ms) for the right eye (OD). OD latency is normal
for age. Abnormal, however, is the interocular latency differ-
ence (OS> OD) and a interhemispheric latency difference
with the peak latency from left occipital derivation (190 ms)
significantly longer than the right (138 ms). For OD the
interhemispheric difference is pronounced only in terms of
amplitude. Vertical calibration for the pattern responses is
10pV. Midline derivations for the luminance flash VEPs
(lower left) also show incongruence in latency OD compared
to OS. The pedigree shows that inheritance is dominant and
maternal;the proband is denoted by the arrow (adapted from

[1].

test results, the young patient was referred for
psychotherapy.

Before turning to the last VEP parameter of
interest, a VEP profile is presented from an
infant with a rare disease effecting dysmyelina-
tion (Fig. 13). The purpose of this example is to
emphasize the interdependence of the VEP vari-
ables that have been discussed. In this case, both
the minimum and optimum binocular pattern on-
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BLEPHAROPHIMOSIS, PTOSIS, EPICANTHUS INVERTUS
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Fig. 11. Pre- and post-therapy examination of component
specificity in the monocular patten onset (left traces) and
luminance VEPs (right traces) from an infant with ble-
pharophimosis, ptosis, epicanthus invertus and deprivation
amblyopia shows no developmental and/or treatment im-
provement of VEP waveform (adapted from [1]).

set VEPs indicate delayed spatial vision. In addi-
tion both the pattern and luminance responses
show poor waveform differentiation and delayed
latencies. These results facilitated early diagnosis
of Pelizacus-Merzbacher disease (PMD), while
follow-up provided an objective assessment of
visual maturation and disease progression.

Topography

The final evoked potential parameter of inter-
est is, topography. What is meant by topography
is simply the inspection of the VEP responses
across the electrode array, i.e., the potential dis-
tribution across the scalp. It is now well estab-
lished [1,18] that VEP topography across even a
simple array of five occipital electrodes, shows
remarkable intersubject variability and can alter
from midline dominance, or midline attenuation
to left or right hemispheric response dominance.
Thus absolute response asymmetry per s€ may
not be indicative of underlying visual pathway
pathology. However, relative VEP topography
measures have proven invaluable for disease de-

tection and differential diagnosis. The case in
point is albinism. The genetic anomaly in al-
binism precludes normal visual pathway develop-
ment [19]. In albinism, temporal retinal fibres
erroneously decussate at the optic chiasm disrupt-
ing functional and anatomic organization
throughout the pathway [20]. The misrouting of
temporal retinal fibres can be readily recorded
from the surface of the scalp in the form of
contralateral hemispheric response lateralization
following full field monocular stimulation [21]. In
Fig. 14, the traces depicted are the monocular
responses from left to right hemisphere and the
bottom-most traces are difference potentials be-
tween the two hemispheres. It is of importance
that following monocular stimulation the poten-
tial distribution remains constant for the age-
matched normal control whereas for the albino,
contralateral asymmetry is reflected in the poten-

cyel "

VEP amplitude (V)

0 T T T 1
o 4 2 3 4

diopters

Fig. 12. VEP assessment of amplitude of accommodation in a
young malingerer. Relative VEP amplitude of the CI compo-
nent (amplitude of CI-CII) for both the right (stippled lines)
and left (solid lines) eyes is plotted as a function of the
dioptric power of concave ophthalmic lenses positioned in a
trial frame before the eyes. Following spherical correction of
—1.75 D, the VEP amplitude remains high and nearly con-
stant to about —4 D. Check size was 12', viewing distance 228
cm and field size 6.5°
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tial distributions, in the polarity reversal of the
difference potentials and in the cross-over of the
amplitude versus electrode functions. For the to-
pography graphs (to the right) VEP amplitude at
the designated response latency is plotted as a
function of electrode from left to right occiput for
left (closed symbols) and right (open symbols)
eye. For each function, a lateralization value is
ascribed which defines where across the electrode
array the potential distribution shows its greatest
activity. Once a lateralization value per eye is
obtained, an interocular asymmetry index is as-
cribed in which the lateralization value of the
right eye is subtracted from that of the left. The
rectangular bars at the right of each topography
plot indicate the calculated asymmetry index of
each data set. Significant interocular asymmetry
is present only for the albino.

The contralateral hemispheric shift in the po-
tential distribution from left to right eye stimula-
tion constitutes the classic albino VEP signature.
Figs. 15 and 16 show that regardless of genotype
or phenotype or age, all albinos have abnormal
visual pathways with VEP profiles reflecting the
cross-over signature of misrouted retinal-fugal
projections. As depicted, the interocular VEP
asymmetry paradigm can be used to describe the
family pedigree. Under appropriate age depend-
ent test conditions, the albino VEP test can even
detect misrouting in the albino neonate [10].

While we typically think of albinos as being
fair haired and fair skinned, the inborn error of
metabolism may effect varying degrees of dermal
and ocular hypopigmentation. In addition to vary-
ing genotypes and phenotypes, it is also impor-
tant to consider that, with the exception of mis-

X-CHROMOSOMAL PELIZAEUS-MERZBACHER DISEASE (PMD)
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Fig. 13. Delayed latency in the minimum and optimum binocular (QU) pattern onset VEPs and the binocular and monocular
luminance flash VEPs from an 11-week-old full term infant with an X-linked form of Pelizacus-Merzbacher disease. Latency in this
progressive dysmyelinating disorder is delayed for the minimum and optimum binocular (OU) pattern onset responses and for the
binocular and monocular luminance flash responses. The pedigree (right) shows the mode of inheritance and afflicted family
members (slashed squares). Note that two afflicted family members are deceased (crosses). The proband whose data are depicted is
denoted by the arrow; round symbols represent female, squares male. The vertical dashed line drawn through the major positive
peak of the luminance flash traces shows severe delay, though poor waveform differentiation of both the luminance and pattern
onset VEPs renders component identification difficult. Both stimulus modes, however, yield reliable though sluggish responses and
confirm the presence of pattern and luminance processing. Vertical calibration bar equals 5 gV for pattern onset responses and 10

1V for luminance flash.
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Fig. 14. Visual evoked potential assessment of infant proband (upper), compared with an age-matched normal control infant.
Visual evoked potential contralateral asymmetry following full-field monocular luminance flash stimulation detected the condition
of optic pathway misrouting in the 33-week-old patient, indicating albinism. Upper five traces are derived from electrodes
positioned from the left (L) to right (R) occiput. Bottom traces are difference potentials obtained by subtracting trace 4 (R) from
trace 2 (L). For the albino proband, with left eye (OS) stimulation, a major positive peak of the immature luminance flash VEP
lateralizes to the right hemisphere; with right eye (OD) stimulation, the response lateralizes to the left hemisphere. Note the
polarity reversal of the difference potentials (arrows), the cross-over of the monocular response amplitudes plotted across the
electrode array and the higher asymmetry index. Compare these results with age-matched normal control. Topography plots are
derived from amplitude values across the electrode array at the denoted latencies (adapted from [22).
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routing, several non-albinos may share one or
more albino clinical features, including skin hy-
popigmentation, nystagmus, iris diaphany, visual

loss. Moreover, with the exception of misrouting
and foveal hypoplasia, one or more clinical fea-
tures may be absent in a given albino. Thus the

AUTOSOMAL RECESSIVE OCULOCUTANEOUS ALBINISM
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Fig. 15. Albino asymmetry in pattern onset VEPs of an adult albino (age 58 years, upper traces) and in the luminance flash VEPs of
an albino infant (age 9 weeks). For more details see Fig. 14. Only traces 2 and 4 and the bipolar derivations are presented for the
9-week-old proband. For both albinos, the location of the peak of the potential distribution changes with left (OS) to right (OD)
eye stimulation. The binocular (OU) VEPs from the older albino also show right hemispheric response dominance. Note, however,
the cross-over of the monocular response amplitudes across the electrode array. The partial family pedigree shows autosomal
recessive inheritance. The 9-week-old proband is denoted by the horizontal arrow. The albino grandfather of the proband whose
data are presented above is indicated at the top left of the pedigree. Family members tested are indicated by an X (adapted from
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Fig. 16. VEP albino misrouting is not detected in an obligate heterozygote albino carrier (lower left). The potential distribution of
monocular pattern onset VEPs in the albino carrier remains stable from left to right eye stimulation. In contrast, monocular
pattern onset and luminance flash VEPs show the albino VEP misrouting profile. While contralateral albino VEP asymmetry is
present in the pattern onset VEPs of the young proband, rather than showing component specificity, the whole positive peak
appears to shift from right to left occiput following left and right eye stimulation, respectively. Asymmetry in the immature flash
waveform is clear. The family pedigree across four generations, shows an X-chromosomal mode of inheritance. The proband is
denoted by the arrow and the carrier, whose data are depicted, by an X (adapted from [1]).

VEP misrouting test which relies upon relative
VEP topography, is essential for albino detection
and differential diagnosis.

4. Conclusions

With strict adherence to non-invasive electro-
physiological recording methods and test condi-
tions specifically adapted for infants and young
children, the VEP proves to be a sensitive and
reliable diagnostic probe of visual function and
dysfunction in paediatric ophthalmogenetics.
Moreover, VEP assessment in the infant or child
can readily provide accurate evaluation of the
level of visual system maturation and with, fol-
low-up studies, also the rate of growth. For VEP
analysis, the electrophysiological response can be

reduced to four basic parameters, amplitude, la-
tency, waveform and topography. Determination
of whether one or more variable falls within
normal limits is dependent upon comparisons with
age matched normal controls tested under the
same conditions. Finally, the additional advan-
tage of relying upon the VEP in the practice of
ophthalmogenetics is that VEP testing can facili-
tate pedigree analysis by defining, for certain
genetic disorders, affected family members.
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