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Abstract

The objective of the present study is to determinéhe occurrence of “W” morphology of
P100 waveform in Pattern Reversal Visual Evoked Pential (PRVEP) recordings of a co-
hort of patients having Primary open angle glaucomaThis rural hospital based study was
conducted in the Neurophysiology unit of the Deparhent of Physiology, Mahatma Gandhi
Institute of Medical Sciences, Sevagram. The studgomprised of pattern reversal visual
evoked potential (PRVEP) recordings from 176 eyesf @8 patients of primary open angle
glaucoma (POAG) having agee40 years. The recordings were compared with thosd @80
eyes of 90 age matched controls. VEP recordings veeperformed with the stimulus configu-
ration consisting of the transient pattern reversalmethod in which a black and white
checker board was generated (full field) and dispked on VEP Monitor (colour 14”) by an
electronic pattern regenerator inbuilt in an Evoked Potential Recorder (RMS EMG EP
MARK 1I). All the recordings were investigated for the presence of “W” shaped complex
(bifid pattern of P100) defined as having two peakseparated by a 10-50 msec interval. The
appearance of peculiar “W” pattern obtained in our POAG patients was an aberrant re-
sponse encountered in 19.31 % percent (34 eyes)1@6 open angle glaucomatous eyes. None
of the previous studies have commented on the morplogy of P100 waveform in POAG pa-
tients as far as the literature could be traced sih seems that ours is a preliminary attempt in
this regard. We propose that it may carry the simiar significance as a prolonged P100 la-
tency since the latency magnitude of the bifid peakwere beyond the upper limit of normal
latency of P100 potential. However, the validatiorof this proposition warrants further in-
vestigation on a larger sample of POAG population.
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Introduction high for the continued health of the eye. It iséedd that
elevation of intra ocular tension causes pressar¢he

Pattern reversal visual evoked potential (PRVEP) idetinal nerve fibers bundles as they course ineodptic
known to be an objective method for assessing itheay  Ne€rve and is associated with the loss of visuattfan.
function and has been shown to be sensitive tocglaa- This is known to produce an alteration of the VE&ve+
tous neuropathy. PRVEP is generated in the coréindl  forms. [1,2]

sub-cortical visual areas when the retina is statead

with patterned light. Normal VEP waveform

Recently waveforms have begun to take on new impor-

Primary open angle glaucoma (POAG) is described digance in visual evoked response (VER) analysis. The
tinctly as a multi-factorial optic neuropathy tigthronic ~ normal waveform of Pattern Reversal Visual Evokeed P

tic nerve fibers. Such loss develops in the presesfic Negative (N70), followed by a major positive wave
open anterior chamber angles, characteristic vigell ~ (P100) and then by a negative wave (N155). P109, th

abnormalities, and intra-ocular pressure (IOP) thabo hallmark of full field VEPs, is the most consistearid
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least variable peak compared with N70 and N15%urgig filter distortion from conventional human VEPs tart-
1 (Panel a) represents the illustration of PRVERewa sient reversal contrast stimulation. The human gamm
form of a healthy visually normal subject. oscillatory responses mediating in cortical visn&rma-
tion processing is thought to reflect generatingchmae
The latency of P100 potential is universally acedpas nisms independent of the VEPSs. It can also corigibo
the most useful measure for interpreting the patéEPs  VEP waveform distortion [15].
to full field stimulation in patients. It is usugltecorded
from the mid occipital region. P100 waveform re@atd The recording of pattern reversal visual evokecepibdl
from inion is an algebraic sum of individual haléli (PRVEP) has been advocated as a novel, cost &Hecti
VEPs. The majority of P100 is generated by the towenon-invasive approach to improve both the deteddiod
half of the central field. The upper visual fieldayncon-  monitoring of Chronic Simple Glaucoma [CSG], this
tribute as negative polarity and the lower as p@siat  vided the substantial ground to carry out this gtindthe
inion. On moving the electrodes laterally or honitadly a  POAG population.
point of polarity reversal i.e. transitional zosgound. Since the variable morphological pattern of P108kpie
a frequent problem in the interpretation of patteEPs
The visual evoked potential (VEP) to an alternatingespecially among the patients of primary open agige-
checkerboard stimulus is usually recorded fromdhe coma (POAG), the present study was conducted with a
cipital midline as an N-P-N complex with a majorspo prime objective of determining the occurrence of”*W
tive deflection at 100 ms (P100). Although diffitadb  morphology of pattern reversal P100 waveform inoa c
characterize and seldom taken into account [3},88  hort of patients having POAG.
normal or distorted VEP waveform, particularly imet
time window of wave P100, is common and a wave formMaterial and Methods
exhibiting a P-N-P or "W" morphology is occasiogall
encountered. The study was carried out in the Neurophysiology oh
the Department of Physiology of a rural medicalegs.
Shape abnormalities of P100 manifesting with such ghe study included 176 eyes of 88 patients of piyma
“W” shaped complex (bifid pattern of P100) preseith  gpen angle glaucoma (POAG) having ag® years and
two peaks separated by a 10-50 msec interval.réis-p 180 eyes of 90 age matched controls. Pattern Ravers
ence usually suggests abnormality [7]. Averagetepat  VEP recordings were done in accordance to the atdnd
VEPs are the result of distinct components thahsdly  jzed methodology of International Federation ofn@l
combine in time and space accordingly, distorted®¥E Neurophysiology (IFCN) Committee Recommendations
are thought to reflect impaired or abnormally distted  [16] and International Society for Clinical Eleqttyysi-
activation of the contributing brain structures. ology of Vision (ISCEV) Guidelines [17] and montage

_ o o _ were kept as per 10-20 International System of EHi=8-
A mid occipital positivity peaking later than 130set  trode placements [18].

after full field stimulation is definitely abnormadince it

is beyond upper limit of normal latency of P100gmiial.  Standard nomenclature has been adopted for desgribi
Visual evoked responses (pattern VEPSs) having abalor the VEP waves and they are named by their poléRityr
waveform with P100 breaking up into two positivevest  N) and by their usual normal latency. The absdten-
(superimposed quasi-sinusoidal sequences of neggwes of the peaks of positive wave P100 and thativeg
tive/positive waves or with bifid wave P100) ar@od-  \yaves N70 and N155 were noted. The amplitude oDP10

edly common in diseases affecting the visual pagiswa \yas measured from the peak of N70 to the trougPl6D
for e.g. in multiple sclerosis (with an estimatedidence  (N70 — P100).

up to 45%), migraine, vascular disease, and otleer n

rologic diseases [8-14]. It is also mentioned tti@re  The stimulus configuration was transient pattenersal
may be a “W” shaped VEP on full field stimulatiom i method in which a black and white checker board was
patients with central field defect as encountereddular  generated (full field) on a VEP Monitor by an Evdke

diseases like glaucoma. Potential Recorder (RMS EMG EP MARK ll). Prior Eth-
_ ics approval from the Institutional Ethics comnetteras
Gamma oscillatory response obtained for the present study. Written Informedsemt

Cortical mass responses in the form of stimuluateel \yas taken from the patients before the study.

oscillatory activity in the frequency range of abo&p-

proximately 20 Hz upto 40 Hz (gamma band) with peakgtatistical analysis

frequency centered around 25 to 30 Hz, are evoked iThe statistical analysis of the data obtained & ahove
human visual cortex by contrast transient stimafati recordings was performed using statistical programm
They contribute to and can be separated with netgig sSpsS software and computer programs using Microsoft
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excel software (Microsoft Corp, USA). Difference i those POAG with “W” pattern of VEP waveform was
latencies and amplitude duration between the clsndmod ~ found to be 1.86 + 1.54 pV. Out of the 88 POAG guas,
POAG eyes were compared by 1-way analysis of vegian 17 patients were identified as exhibiting the "WER.
(ANOVA). Differences were said to be significantpat  This represented 19.31 % percent (34 eyes) of ¥@6.e

0.05 and highly significant if p < 0.001. The latencies of the bifid peaks were outside thpeu
normal limits as determined by mean+ 3 SD of the no
Results mative data of our neurophysiology laboratory ameirt

P100 amplitudes were less than mean — 3 SD of the
In our study, the VEP waveform including the pesiti Norms. This difference of P100 latency in POAG eyes
peak P100 as well as the negative peaks N70 ang N18ith “W” Pattern and control eyes was statisticaiy-
were present in all the subjects. None of the stbj nificant (p<0.001). Similarly the difference of FlL@m-

our study failed to record a measurable responaeyrof ~ Plitude in POAG eyes with “W” Pattern and contrges
the eyes. Also none of the control eyes showed & “wWWas also statistically significant (p<0.001). Tleenaining
pattern in their VEP waveform. POAG eyes showed normal pattern of VEP waveform

although accompanied by other VEP abnormalities as
The mean + SD value of P100 latency as per the morm Prolonged N70, P100 and N155 latencies and dimgaish
tive data of our neurophysiology laboratory was3gg: ~ '€sponse in the form of reduced P_lOO amplitude- Pro
3.74 msec whereas the same in those POAG with “wionged N70 latency was observed in 11 (12.5%) eyes,
pattern of VEP waveform was found to be 113.4 96.5 Prolonged N155 latency was seen in 18 (20.45%) POAG
msec. Similarly the mean + SD value of P100 amgéitu €Y€S.
as per our norms was 7.78 £ 2.04 pV whereas the gam
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Figure 1.

Panel (a)Normal VEP waveform showing P100 latency and aogitwithin normal limits.

Panel (b)PRVEP Record of a 70 years male POAG patient slgptM' Pattern, prolonged P100 latency and Reduced
P100 Amplitude & prolonged P100 Duration.

Discussion pairment of temporal characteristics of the vissystem

at low spatial frequencies, as could occur if gtamatous
Much is now understood of the pathophysiology af th optic nerve damage preferentially affected trartsiesual
visual Changes in primary open ang|e g|auc0ma (ppAg:hanneIS. Also there is enOUgh evidence of pr(]m]ine
and the role of optic nerve damage in glaucomattugl  0ss of ganglion cells axons in the optic nervé®@AG
defects is well-documented. The P100 latency shows
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and the large diameters nerve fibres are thoughetse- had, on an average, relatively small increasestinty,
lectively lost in glaucoma [19]. compared with the control or suspect groups.

It has been evidenced by the studies of monkeyhand Uncertainly understood as the result of synchronous
man optic nerve that larger ganglion cells andrteons  stimulus- related activation in the gamma rangeneui-
(presumably M cells) presumably originating frortimal ~ ronal assemblies responding to the visual propeuie
ganglion cells with larger somatic size are losaassult stimulus, the human 20-45 Hz (gamma) oscillatorgsna
of chronic IOP elevation [20]. It is further suppem by response shares characteristics of conventional SVEP
previous studies, one of which showed that rap@sph such as the stimulus/response function for contaast
axonal transport from the M-type ganglion cellsthe  spatial frequency tuning, but does have differensash
magnocellular layers of the dorsal lateral genieulau- as in time dynamics and source orientation in tstriar-
cleus was decreased selectively in chronic expertahe tex.
glaucoma [21].
In humans, the oscillatory gamma range responserte
The other studies in support are the ones whichodem trast is peculiarly phase-locked to stimulus, haster
strated fewer remaining large ganglion cells in daen- time dynamics and shorter latency than VEPs, ared ha
aged retinal areas in human eyes with glaucomaZ2p, different orientations of cortical sources. Accoglito
The M ganglion cells may be lost more rapidly imactic ~ prevailing hypotheses, gamma activity originatesaind
glaucoma because a higher proportion of their axy@ass appears intrinsic to, structures with laminar orgation
through the more susceptible parts of the lamiita#asa. such as the cortex, is enhanced during sensoryniafo
This loss eventually results in delayed visual @bke- tion processing, and is modulated in part by asinihs in
sponse and alteration in VEP waveforms which matsfe the synaptic input. It provides a frequency- andeti
as bifid peaking of P100 wave of pattern reverdaP\Mn  related coding system mediating (at some stagdsablv
patients of POAG. information processing) in the synchronization oftical
neurons due to respond selectively to the stimphysi-
The appearance of “W” pattern which we have obskrvecal properties [15].
in the POAG patients of our study, particulariysirbjects  Oscillatory responses at 20-40 Hz to contrast détion
of elderly age groups can substantially be expthinghe have been reported in the absence of the conveaihtion
light of the contentions put forth by the above trered broadband VEPSs in patients with brain damage inmglv
earlier studies. The representative of altered PRVEthe visual system [13, 26]. Although anecdotals tbib-
waveform obtained from our POAG population showingservation suggests pathophysiological conditionshich
the peculiar “W” pattern is illustrated in Figure(Ranel stimulus-related oscillations unaffected by patbgao
(b). brain conditions disorganizing the VEP response aan
count for abnormal VEP waveforms such as those de-
In our study, using the §5percentile of the normative scribed in neurologic diseases.
data as a definition of abnormal, 19.31 % perc&dt ( Oscillatory responses can thus mimic a degraded VEP
eyes) of 176 eyes showed "W" VEP and had P100-latemvaveform, which has clinical relevance. The obséova
cies falling outside the range of the controls.sTls a of a predominant oscillatory response in unfiltek&gP
value far from that (100%) reported for the coni@mdl  recordings would indicate inadequate organizatibthe
VEP (cVEP) by Parisi et al [23] but it corroboratesll  cortical response and therefore indicate functicna
with the findings of an Indian study by Sood ef24] pairment irrespective of the latencies of recodrliza
who have reported statistically significant delajetgncy waves. The observation that oscillatory gamma #gtiv
in 18.2% eyes without glaucomatous field defect mvhe originating in visual cortex can be evoked by casir
they used a check size of 16 and alternation raie88  stimulation in the absence of conventional VEPs$hir
cycles/sec. Our results are also better than tibSeippo  indicates some independence among these electiophys
et al [25] who showed that relatively few glaucomet logical events and supports an early functionaé rot
eyes (only 8% to 12.3% of the glaucoma eyes) hathda gamma band activity in the stimulus-induced neurona
cies that fell outside the range of control eyes. synchronization and in visual information procegsin
Contributions of gamma activity to the distorted R/E
The study by Grippo et al [25] was conducted orey&s waveform are possible if the mechanisms of germrati
(47 patients), 75 eyes with suspected glaucomapé6 are differentially affected by brain disorders. Tdadent
tients), and 41 control eyes (22 subjects) withd¢iEP to which VEP and oscillatory responses may mirtigr d
stimulus as a reversing checkerboard with checksi-of tinct parallel or consecutive phases/mechanismasofl
ther 15 minutes or 60 minutes in width. In thesugloma information processing remains speculative, yetff@rd
group, 12.3% (15 minutes cVEP), 8% (60 minutes cVEPential sensitivity to disorders of the visual systappears
exceeded the normal range. Thus the glaucomatas eyconceivable.
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In a previous study [15], isolated or prepondecsdilla-

tory responses were observed in unfiltered recgslin
patients with either prechiasmatic or postchiastradim-
age, though with different incidences (60%-30.7atd  ©-
their occurrence does not appear related to anthef
pathophysiological conditions considered or attdbie
to any single diagnosis or group of diagnoses.

However, the processes generating the low-frequen:
VEP and gamma oscillations are too complex to alloy

detailed hypotheses about selective pathophysidbgi 11

interferences on these responses.

12.

Conclusion

The shape of P100 waveform in pattern reversal &P
pends upon the surviving fastest conducting fiders
Magnocellular (M) pathway fibers. Since these fihare
selectively lost in chronic glaucoma we proposet iha
may lead to appearance of “W” pattern which we hav
obtained in our POAG patients.

None of the previous studies mentioned in theditee

have commented on the morphology of P100 wavefori1s,

of POAG patients so it seems that ours is a prelnyi
attempt in this regard. As there was a statisticsithnifi-

cant (p<0.001) difference in the magnitude of P80
tency and P100 amplitude of PRVEP waveforms atha!l

19.31 % (34 of 176) open angle glaucomatous eyet sol6.

can be construed that the "W" VEP response may carr
the same significance as a prolonged P100 latendy a
reduced amplitude in the assessment of primary apen

gle glaucoma. 17.
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