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| NTRODUCTI ON

"....Let us discuss sone aspects contributing to a
description of variables and facts inportant for the
assessnent of that which makes up the stage of

ontogenesis which we refer to as "El derly"

- F. Hof f nei ster.

In an effort to enhance the objectivity in the assess-
ment of central processing disorders, interest has focussed
on the use of el ectrophysiol ogical neasures (Misiek and

Baran, 1987).

Many of these investigators involved the Auditory Brain
Stem Response (ABR) and its use in the evaluation of various
retrocochlear lesions. While the ABR has been shown to be
very sensitive to VIII nerve and |lower brain stem (BS) |esions
its useful ness in the assessnent of upper BS and cortical
lesions is limted (Miusiek and Baran, 1987; Wada and Starr
1983).

Consequently renewed interest have been shown in the
| ater waveforns - the m ddle | atency response (MR and
| ong patency potentials (LLP) as possible ways of objectively

delineating problens in the central auditory system



Whi | e many investigations suggest that the MR has
potentially valuable clinical applications, its useful ness
is hanpered by the still unresolved issues surrounding
origin, maturational effects, as well as the influence of
techni cal paraneters on the test outcones (Fifer, and
Sierralrizarry, 1988; Jerger, Oiver, and Chintel, 1988;
Musi ek, Verkest and Gol l egly, 1988).

Partially as a consequence of these linmitations
renewed interest has also focussed on potentials occuring

after the MR

Li ke the MLR, LLP have been investigated for a nunber
of years. These later responses tend to be nore variabl e
and consists of both stinmulus exogenous potentials (SRP)
and Event related potential (ERP) (Polich and Starr, 1983).
The SRP consists primarily of a negative peak N; occuring
at about 80-100 m sec., a postive peak P, occuring at
approxi mately 140-220 m sec. and a small negative peak, N,

at about 280-320 m sec. (Kileny, 1982; Mason and Mellor, 1984).

The ERP which are elicited by internal cognitive
activities through various sensori nodalities, consist
of a variety of highly variable waveforns occuring beyond

N, (Kileney, 1985; Musiek et al. 1988) of these responses,



3
t he nost studi ed has been the P;3 conponent occuring roughly
from300 - 700 msec. (Hall, 1989? Kil ney, 1985? Mason and
Mel l or, 1984; Misiek et al. 1988; Squires and Hecox, 1983).
Picton, et al. (1977) stated that "They are the best evoked
potenti al s neasurenents available, if they can be repro-
duceably recorded "as their presence indicates the conplete
integrity of the auditory pathway in the central nervous

system ( CNS) .

While the origin of the SRP is cortical wth probable
generator sites in the auditory cortex of the superior
tenporal |obe, parietal and frontal association areas(Picton
et al. 1974? Mason and Mellor, 1984) the P; ERP originate
from nonspeci fi ¢ unknown neural generators and is felt to
be an el ectrophysi ol ogi cal nmanifestati on of strategies used
by CNS in selective attention activities, including frontal
cortex (Courchesne, 1978) centre parietal cortex (S nson,
et al. 1977) and auditory cortex of superior tenporal |obe
(Ki'l ney, 1985), H ppocanpus and associ ated brai nsites (Ckada,
et al. 1983).

Event hough the decade of 1960 was predom nant with
findings in long latency response (LLR (Davis, 1964) 1970s
was domnant with ABR But there is a renewed interest in

| ate potentials and of special inportance is the Psg.



After about 250 nsec, the general characteristics of
audi tory evoked potentials (AEP) change from those of
uni form response to highly variable and subject dependent

mani f estati ons of perceptual and cognitive activity.

P:oo iSs an event related potential require the subject
to be actively engaged in a task usually an information pro-
cessing task. The Pz conponent can be obtained with a
nunber of stinulus presentations (auditory, visual or
somat osensory stimuli) (Donchin, 1979; Sutton, 1979; Snyder
et al. 1980) in which the subject processes task rel evant
information. The Pz conponent of ERP is considered to
reflect aspect of cognitive processing. Its latency is
t hought to reflect the tinme taken to evaluate stinmuli accord-

ing to a nunber of factors including salience (Pritchard, 1981).

Psoo is theorized to be relatively independent of
evoking stimulus (Polich and Starr, 1981; Picton and
Fitzgerald, 1983; Weinberg, et al. 1984). The response
occurs when an individual relates the incomng sensory infor-
mation to nmenory updating processes (Donchin, 1981) and is
consi dered to be unaffected by exogenous influences (Kilney

and Kripal, 1987; Songberg, and Decker, 1990).

Psoo component of the ERP is a large positive going
waveform elicited whenever subject discrimnates stimul
occuring approximately 300 m sec. after the stinmuli (Sutton,

et al. 1967).



The nost common situation for auditory stimuli is the
oddbal | paradi gm and consi sts af the subject counting rare
occurrences of a target tone enbedded in a series of nore
frequently occuring standard tones (low probability target
(T) stimuli presented agai nst a background of hi gher proba-

bility non-target (NI) stimuli) (Polich, 1986Db).

CURRENT APPLI CATI ONS:

The | ate conponents are not used routinely in clinical
heari ng assessnment. However the use of the Pz conponent
to examne various clinical populations is a relatively new
endeavour. VM sual stimuli are enployed to investigate forns
of psychopat hol ogy (Roth et al. 1979), attention or nenory
abilities in the aged (Smth et al. 1980) as well as a variety

of problens in human information processing (Donchin, 1979).

A nunber of studies have considered P; |atency and
anpl i tude as useful neasures of assessing the cognitive
function in both normal s and neur ophysi ol ogi cal di sordered
patients as P3 responses is directly related to the neuro-

psychol ogi cal state of the individual (Misiek, et al. 1988).

The presence or absence of Pz using auditory stiml a-
tion is nmediated through a central processing system conse-

quently the absence/dealy of the Py to auditory stinmulation
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may be the exclusive result of a problemin the central
processing system Involved in coordinating all incomng

sensori i nformation.

P30 Potential has been used as an objective electro-
physi ol ogical test to detect cognitive dysfunction occuring

in dementia (Goodin, Squires and Starr, 1978a).

Psoo latency increase also reflects the degree of cog-
nitive decline in dementing illnesses (Polich, Enhler, CGis,
Mandel | and Bl oom 1986) and nental retardation (Squires,
et al. 1980).

Effects of alcoholism on Psp |atency are well studied

as confusional states (Polich, 1984).

Psgo has beenusedtodifferentiatecognitivedi sorders
such as depression fromthe Al zeihnmer's type ie organic vs
functional type. In children longer Psp |atency has been
i ked to hyperactivity, schizophrenia, autism and reading
disability with a few changes in Pz |atency (Finley, Faux,

Hut cheson and Anstutz, 1985).

NEED FOR THE STUDY:

However in order to use the |ate conponent of the ERP

as aclinical tool. The alterations due to "nornal" aging
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nmust be well established. This is especially inportant
for the study of cognitive inpairment, as the nmajor altera-
tion seen in denentia -prolongation of Pspo latency -is
al so seen, but to a |l esser degree in normal aging (Goodin

et al. 1978b).

There is an essential need to collect normati ve data
across age groups to adequately assess the age |atency

rel ati onship of Psg

The grow ng body of literature on the changes in ERP
with age and the reports of success in applying the |atency
of Pz for the diagnosis of denentia pronpted the research

reported in this project.

The increase in Pz latency with age and the further
increase with denenting illness suggest the attractive hypo-
thesis that Psp isS sensitive to age related cognitive slow ng
as well as to desease induced cognitive inpairnment (Pfferbaum

Ford, Roth, Kopell, 1984).

The current study was undertaken to test the follow ng

obj ecti ves.

1. There is age related significant variation in the |atency
of P3p on conparing geriatrics (50-70 years) and

adul ts (18-22 years).



2. There is age related significant variation in anplitude
of Psp on conparing geriatrics (50-70years) and
adul ts (18-22 years).

3. There is age related significant variations in geriatrics
of 50-60 years age and 60-70 years ages for Psyp |atency.

4. To determne the nost accurate description of the rel a-
tion between P;p |latency and age anong nornal s and
geriatrics (ie to regress the subjects on their age and
find if linear or curvilinear equation can be used to

predict normal |atency at a given age.
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REM EW CF LI TERATURE

There is general agreenent that the physical para-
meters of the eliciting stimulus, have a profound influence
on the human average evoked potential waveform particularly
on conponents occnring within 250 nsec, of stinmulus presen-

tation (Regan, 1972).

Researchers investigating perceptual/cognitive correl ates
of the AEP nust always be careful not to attribute changes
in the AEP waveformto changes when concomttant alterations
of the physical paranmeters of the stimuli were al so taking

pl ace.

Beginning with a report by Sutton, Braren, Zubin and

John (1965), it has been denonstrated that a conponent of

t he human AEP existed that did not reflect the physical
paraneters of the eliciting stinmuli. Rather this conponents
appears to reflect active cognitive processing of stinmulus

information on the part of the subject.

This same brain conponent is elicited in certain experi-
mental contexts regardl ess of the sensori nodality of stinmulus
presentation (squires, Duncan-Johnson, Squires and Donchi n,

1977).



The nost common desi gnation given to the conponent is
Psgo, referring to its polarity (positive) and approxi nate

| at ency (about 300 msec) follow ng stimlus presentation.

Qt her designations includePspreferring to the 3rd
prom nent positive conponent follow ng stinmulus presenta-
tion or otherwise called | ate positive conponent (Price

and Smth, 1974).

Whet her a given stimulus serves as a task rel evant
signal /non-signal is a function of the instructions given
to the subject not of sonmething intrinsic to the stimulus

i tself.

Since the sane stimulus may/may not result in P;
dependi ng on the experinmental context. It is nore accurate
to speak of P as being 'Invoked" by the stimlus than
as 'Evoked'. Hence the term ERP is beginning to repl ace evoked

potential inthe literature.

NEURO ANATOM CAL AND PHYSI OLOd CAL RGNS CF Psy:

Psoo | atency has been found to decrease with increase
in cognitive devel opment stemmng fromnaturation in

children (Gourc/esne, 1984? Howard, and Polich, 1985).

Adul t aging (Goodin and Squires, 1978? Brown, Marsh,
Larue, 1983; Polich, Howard, Starr, 1983) and neurol ogi cal



| npai rment (Pfefferbaum et al 1980; Lai et al. 1983; E ch
Ehlers, Ois, Mandel |, 1986) have been correlated with
increases in Pso latency. In addition Psp anplitude

vari ations have been associated w th individual differences

i n menory function (Polich, et al. 19837 Davis, Donchin,

Fabi ani, 1984), differential inheritability of alcoholism
(Neville, et al. 1982; Begleister, et al. 1984?; Polich, 1986)
and the residual effects of al cohol consunption. Thus the
P30 BRP conponent is beginning to provide an el ectrophysio-
| ogi cal index of the cognitive processes that covary with

physi ol ogi cal changes.

Endogenous el ectrical potentials appear at the scal p
when a subject is engaged in tasks requiring judgenents
about the properties of a stimulus. Typically the conponents
of task related potentials appear between about 200 and 600
m sec. after the onset of the stinmulus. The strengths of
t hese conponents depend nmainly on the rel evance of the
stimulus to the task and | ess on the sensory nodal ity being
stinulated or on the particular sensory property of the

stimulus (Sutton, et al. 1965).

Thus t hese conponents are believed to reflect non-
sensory, cognitive processes carried out by the hunan

brain (Donchin, et al. 1978).
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Intracrani al recordings fromepileptic patients reveal ed
| arge extracel lular potential gradients and increased single
unit firing in or near the hippocanpal formati on and anygdal a
while the patients were performng tasks that elicited the
endogenous potentials at the scalp (Halgren, et al. 1980;

Wod, et al. 1980, 1983).

Magnetic fields detected with a SQU D senaor at the
tenporal and occipital areas of the head in response to a
frequent and infrequent visual stinmulus reveal ed sources of
Pso lay deep in the brain within hippocanpal formation and

anygdal ai d structures (Ckada, Kaufrman and W1l ianson, 1982).

Marked Pz waveform simlarity have been found in

nonozygoti c tw ns (Buchbaum 1974).

Conpari si on of nmonozygotic and di zygotic twi ns have
suggested a strong genetic basis for this simlarity (Polich

and Barns, 1987).

The norphol ogical simlarity in the twn waveform
conpared to the control pairs ERP suggests that the indivi-
dual differences in the P conponent are deternined by
t he under | yi ng neurophysi ol ogi cal structures associated with

its generation (Polich and Burns, 1987).

Thus P--n or P; conponent of the ERP is a large (10-20

/ulv), positive going wave formelicited whenever the subjects
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discrimnate stinuli. Possibly originating in the hippo-
canpus and anygdal oid structures its production has been
| i nked to the psychol ogi cal processes underlying menory
updating when the neural representation of the stinmulus
Environnent is nodified to accomodat e i hcomng sensori -

information (Donchin, 1981).

ELI A Tl NG P300:

The nost common situation for auditory stimuli is the
"oddbal | " paradi gm and consi sts of the subject counting
rare occurrences of a target tone enbedded in a series of

nore frequently occuring standard tones.

Wiile the target tone is physically different fromthe
standard tones, it is not the physical difference which
produces the | arge positive goi ng conponent bat rather the
i nformation supplied to the subject with the occurence of
the rel event target tones (Sutton, et al. 1965? 1967).

This is shown by the fact that the same response also is
obtained by omtting a stimulus in a series of tones and
havi ng t he subjects count the nunber of om ssions (Picton

et al. 1973.

Psso can be obtained with as few as 20-30 replications

of target event.
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The sane can be elicited using semantic primng tasks,
using verbal stimuli (Holeonb, 1988), visual stimuli and
somat osensori stimuli (Donchin, 1979; Sutton, 1979; Snyder
et al. 1980).

SEVANTI C PRIM NG TASKS - VERBAL STIMLI:

Neville, Kutas and Schmdt (1982a) in their ERP study
of cerebral specialization during reading that the anplitude
of Pso and subsequent positive shift at the occipital
regi ons was |arger over the hem sphere _ipsi lateral to the
uni |l ateral word presentations the Pysof slism' lar in some
respects to Pspo elicited by infrequent unexpected stinmuli

(Donchin, Ritter, and MCal lum 1978).

Very reliable alterations in the Ng and Pso conponents
wer e observed elicited by words (Neville et al. 1978? Neville,

1980) greater in left hemsphere than right.

Neville, Kutas and Schm dt (1982b) investigated intra
and i nter hem spheric specialization in congenitally deaf
adults during a word reading task. They found that the deaf
subj ects were as accurate as the hearing subjects in identi-
fying words, however they did not display visual field

assynetry.

Wodwar d, owens, Thonpson( 1990), Friedman, Sinson,

Rtter and Rapin (1975a) reported that Ps elicited by spoken
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words were small/absent when subjects "merely |istened" but
much | arger when the words were |ow probability, task
rel event addballs. Such enhancement of Pspo anplitude by
reduced tenporal probability aad task relevance is a comon

finding in ERP studies across a wi de range of stimuli.

Cohort model (Marslen-WIlcon and Wel sh, 1978; Marsl en-
W son, 1980; Marslen-WIlson and Tyl er, 1980; Grosjean, 1980;
Tyl es, 1985) make strong prediction regarding time course of
word recognition which suggested that listener identifies a

word precisely as soon as he or she has sufficient inforna-
tion.

Further study of the timng of word recognition processes
may benefit fromthe ability of ERP to augment nental chronomet
(Kutas, McCarthy and Donchin, 1977).

In particular the latency of the Ps has been consi -
dered an index of stimulus evaluation time (Pritchard, 1981;
Duncan- Johnson and Doachin, 1982).

Johnson, Pfefferbaum and Kopel | (1985) observed that
mar kedl y broadened P; conponents, consistent with word to

word, P; latency variability were elicited by visually presented
words in a nenory paradi gm

Rugg (1984a), Barrette (1990) found that ERP showed cere-
bral assumetry (Contingent negative variation (CNV) on phono-

| ogi cal matching of picture names.
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Kutas and Hllyard (1980) recorded ERP from subjects as
they silently read 160 different seven-word sentences
presented one word at a tine.Substantial intersubject varia-
bility was observed in the ERP waveshapes follow ng the words.
More than half of the subjects generated P conponents to
word stimuli which was greater in | eft hem sphere than right.
One quarter of the sentences at randomended with a word
printed in a typeface that was different from precedi ng

words which elicited P; to a greater extent.

I n studies of |anguage functioning the ERP has been
reported to i ndex perceived neani ng of words (Brown, Marsh
and Smth, 1973, 1976) different linguistic categorisation
(Kutas and Donchin, 1979) and has been applied to the study
of the devel oprment of speech perception (Ml fese, Freenman and
Pal erno, 1975), the study of semantics (Tatcher, 1977) and
study of reading (Kutas and HIllard, 1980). The extent to
whi ch ERP reliably index neurophysiol ogi cal events associ at ed
wi th hurman | anguage and cogni tive functions, ERP can be of

great val ue.

Once the spatial and tenporal distribution of |anguage-
rel ated ERP has been described in particular paradigns in

normal adults, the conparision of simlar paradigns from
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brai n danmaged adults may suggest ways in which the flow of
| anguage information is altered in aphasia and in recovery
from aphasia. Simlar devel opnental studies nmay indicate
neur ophysi ol ogi cal changes that acconpany nornmal and abnor nal

devel opnment of | anguage abilities (Neville, 1980).

Anal ysi s of theacoustic structures of words nust
precede identification of its nmeaning. These phases of
speech processing are associated with ERP conponents that

differed in their timng.

The differences in waveformexhibiting later negativity
during senmantic discrimnation rather than acoustic discri-
mnation nay be related to the senanti c processing of

speech (Novick, Lovrich and Vaughan, 1985).

Rugg (1984, 1985) reported that ERP elicited by rhym ng
and non-rhymng words were differentiated by a | ate negative

conponent ( N4s0) and this showed cerebral assynetry.

Barett and Rugg (1990) showed simlar findings on a

task involving |exical decision.

Posner and Snyder (1975a, 1975b) suggested that ERP
changed when the task was autonatic and attentional during

| exi cal deci siontasks.



18
Duncan, Johnson and Donchin (1982) recorded P; | atency
and reaction tinme (RT) in atask were target letters were
preceded by either a matching letter, neutral stimulus or a
msmatching letter. RT and Psp were not later in the first

two bat later in the msmatched | etter.

A nunber of studies have reported the exi stence of ERP
conponent that tenporarily overlaps the P but which has a
| ater peak (0-400 msec after Psp). In a systematic series
of studies Ruchkin and Col | eagues have denonstrated that P
reflects initial stimulus evaluation and a conponent they
referred to as slowwave (SW a later nore "depth" or reeval ua-
tion process that varies to task denands (Ruchkin, gutton,

and Stegn, 1980b).

VI SUALLY EVCKED ERP:

Rugg (1984); Ragot (1980) found visually evoked potenti al
VEP) ie Nygo conponent to be |arger over the hem sphere
contralateral to the visual field of stimulus exposure at
all pairs of lateral electrodes. At the occipital sites
only Ny was shorter on an average by 14 msec. on left

hem sphere.

AUD TORY STI MLUS EVCKED ERP:

Following the germnal studies of Sutton and his

col  eagues (Sutton et al. 1965, 1967), it has been frequently
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denonstrated that the vertex potential evoked by a task-
rel evant stinmulus that deliver, significant infornmation is
characteri zed by an augnented | ate positive wave at about

300 msec. in latency (the P; or Ps;o conponent).

In one class of studies, it has been shown that an
enhanced Pz conponent is elicited by a specific antici-
pated "target" signal that occurs unpredictably within a
series of non-target stinmuli and denmands a special cognitive

or notor response.

In the auditory nodality which has received the nost
study, a Pz wave could be elicited sel ectively upon the

detection of target signals of various types including:

1) Pitch changes (Rtter, et al. 1972? WI ki nson and Lee,

1972; H Il lyard et al. 1973;,(2) Intensity shifts (Rtter and
Vaughan, 1969; PFicton and HIlyard, 1974),(3) Threshol d

| evel tone pips (Mast and Wat son, 1968? Hllyard et al. 1971),
(4) dicks anong speech sounds (Smth, et al. 1970), (5)

Noi se bursts anong clicks (Ford, et al. 1973), (6) Om ssions
fromatrain of clicks (Picton and HIlard, 1974).

Several authors have enphasi zed the need for active
attentiontowards the targets as a prerequisite for P; enhance-

ment and have shown that ignoring the stimulus resulted in a
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dimnition or absence of P (HIllyard et al. 1971, Squires

et al. 1973; Picton and Hllyard, 1974).

The P wave which follows the detection of an
attended auditory target has a widely distributed scalp
t opography w th nmaxi nrum anplitude at central and parietal
regions (Rtter, et al. 1972? Picton and H || yard, 19747
Hllyard, et al. 1975).

P30 can also be elicited when the subject's attention
is diverted fromthe auditory stimuli to read a book (Rtter
et al. 1968), performa concurrent manual task (Roth and
Kopel |, 1973) or sinply to "ignore the sound bursts as much

as possi ble" (Roth, 1973, Roth, et al. 1973).

These results pose difficulties for any sinple theore-
tical interpretation of the Py phenonenon if it is infact
elicited by both unpredictable stimulus shifts that are
being ignored and by those that are task-relevant and are

bei ng actively sought out.

Not surprisingly, then, there has been no general
agr eenent upon how best to fornul ate thepsychol ogi cal

correl ates of t he Pz00
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On the one hand, the evidence that Ps;p IS evoked by
shifts in a non-attended train of habituating tones has |ed
to suggestions that it is a cerebral conponent of the
orienting response (Ritter, et al.1968; Roth, 1973; Roth
and Kopel |, 1973).

On the other hand, the P; that follows attended and
task relevant stimuli has been interpreted in terns of
decision making (HIllyard, 1969; Smth et al. 1970) i nforna-
tion delivery (Sutton, et al. 1967).

Sal i ence or significance (Sutton, 1971); Cognitive
evaluation (Rtter and Vaughan, 1969), reduction of arousal
(Karlin, 1970)? change in preparatory set (Karlin and Mart z,
1973) and "response set" selective attention (Hllyard, et al

1973) anong ot hers.

A further unresol ved question concerning the P wave
concerns its |latency of occurrence. Most reports place its
| at ency wi thin 300-450 nsec, post stimulus, but some have
found in as early as 210-220 msec. (Roth, 1973; Roth et al.
1973) and others as | ate as 450-550nsec. (R tter and Vaughan,
1969). Particularly puzzling are the w de di screpanci es
between the latencies reported for the Psp evoked by shifts

in pitch of anirrelevant train of bursts; Rtter et al (1968)
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obtained a |l atency of about 350 nmsec, in all subjects, while
Roth and Kopel | (1973) determned a val ue of 300 m sec. and
Roth (1973) found a nean | atency of 217 m sec.

Squires, Squires, and HIllyard (1975) found two
distinct late positive conponents of thescalp recorded audi-
tory evoked potential which differed in their |atency,
scal p topography and psychol ogi cal correlated. The earlier
conponent called "P3; " (latency about 240 nsec.) was
elicited by infrequent, unpredictable shifts of either inten-
sity or frequency in a train of tone pips whether the subject
was ignoring (reading a book) or attending to the tones
(counting). The |ater conponent called "P*h" (nean |atency
about 350 nsec) occured oniy when the subject was actively
attending to the tones, it was evoked by the infrequent,
unpredictabl e stimulus shifts regardl ess of whether the

patient was counting the target stimuli or frequent stimuli.
Both of these are referred in literature as P; or Pz

a)Attention:

Polich (1986) noted that attention was a necessary
factor in the generation of P;o conponent and a decrease

in attention is related to a decrease in response anplitude.
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Skl are and Lynn (1984) examned the replicability
of P; latency within subjects across neasurenment trials

and found only small changes fromtrial to trial testing

during amexperinental session or after several weeks.
b) Intensity:

Psgo 1S considered to be an "endogenous" conponent
because its anplitude, latency and scal p distribution does
not depend upon the physical attributes of the evoking
stinmulus (Donchin, Ritter and McCallum 1978).

Roth et al. (1980, 1982, and 1984) denonstrated a
dependence of P anplitude on the intensity of evoking

stimulus. But this study did not enploy "Qddbal |l paradignt.

Papani col aou et al (1985) found that Psy anplitude
was not significantly affected by the intensity of the
stimulus. However statistically significant increase in
Pso Il atency contingent on reduction of stinulus intensity.
Hence it is inportant to ascertain with normal aged subjects
and with clinical population, the effective stimulus inten-

sity remains constant across the groups which are conpared.
c) Frequency:

Polich, Howard and Starr (1985b) studied the frequency

separation effects of target tone frequency, presence of
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of masking stimulus and subjects sex on the auditory ERP using
oddbal | paradigm Pz |atency becane shorter (about 15 nsec)
as the difference between the standard (1000 Hz) and tar get
t one frequency increased (1500, 2000, 4000 Hz) but becane | onger
(about 10 nsec.) with the presence of a white noi se nmasking

stimulus and found true with both P;; and Ps; subconponents

John Polich (1985) investigated factors which could
affect the norphol ogicalquality and |atency of the P;ERP

fromauditory stimuli. Manipulations of attention and,

d) Probability of the target tone changed P; anplitude but

typically denonstrated little effect on P; |atency. Eyes
open/ cl ose did not make any difference to P; anplitude and

| atency. Passively ignoring the stinulus itemdecreased

P; anplitude and increased its latency relative to active
stimulus discrimnation. These findings support the general
concl usi ons obtained in previous studies (Sklare and Lunn,
1984; Papani, Col aou, 1985; Polich, 1985b), P; latency is
relatively stable and varies relatively little as a function
of task variabl es when the subject is engaged in an explicit
di scrimnation paradigm Thus application of P; ERP shoul d

enphasi ze stimulus di scrimnation.
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e) Task:

In experinental designs in which a subject either
predicts prior to atrial whether/not a stinulus will be
presented is guess task and in which he reports after the
trial whether or not stimulus was presented is detect task.
Both elicit Psoo and no significant effect due to task is
noticed on Pz (Ruchkin, Sutton and stega, 1980).

f) Deficits in short termnmenory, as well as overall menory

performance are associated with both increased Ps;p |atency
and variability (Howard and Polich, 1985; Polich et al. 1986)

g) Psp latency is felt to be directly related to speed of
i nformation processing (Miullis, Holcomb, D ner and Dykan,
1985) difficulties in these areas woul d be reflected by |onger

Psgo | atenci es.

h) Task difficulty:

Polich et al. (1985) observed that the stimulus
discrimnation ability is related to Ps latency with nore
difficult discrimnation task associated with prol onged
latency. Psp |atency became shorter (about 15 msec) as
the difference between the standard (1000 Hz) and target tone
frequency increased (1500, 2000, 4000 Hz) but becane | onger
(about 10 msec) with the presence of a white noi se nmasking

sti mul us.
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i) Sex: No differences anong nmal es and females (Polich, et a
1985) .

j) Age: Peak latency is affected by aging (Brown, Marsh,
LaRue 1983,) which will be discussed in detail later.

k) Prietchard (1981) cites selected attention, feedback,
orienting response, |anguage, decision confidence as other
factors affecting Psg .

P300 AS CLIN CAL TOOL:

The Psoo or P; conponent of the ERP is beginning to
denonstrate considerable utility as a clinical tool for the

assessnent of cognitive function

Al t hough the neurophysiol ogy underlying Pspq 1S still
bei ng explored (Halgren, et al. 1980; QOdaka et al.1983), the
cognitive events associated with its generation have received
consi derabl e attention (Donchin, 1981; Donchin, Ritter and
McCal lum 1978; Prietchard, 1981). Because Pzp IS thought
to reflect stinulus evaluation and classification processes,
it has found application in the assessment of cognitive

function.

Initial applications found that latency of the Psg

beconmes longer with an increases in adult age (Goodin, et al.
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1978b; Syndul ko et al . 1982; Brown et al. 1983; Pfefferbaum
et al. 1984a; Picton et al. 1984; Polich, et al. 1985a).

It also increases substantially wi th nental dysfunction
such as nental retardation (Squires et al. 1979) and denent -
ing illness (Brown et al. 1982; Goodin et al.1978a; Hansch,
et al. 1982; Lai et al. 1983; Pfefferbaumet al. 1984b:
Polich, et al. 1986).

Addi tional studies have suggested that shorter Pz
| atencies are associated with relatively superior nenory
performance in neurologically normal subjects (Polich,

et al. 1983; Howard and Polich, 1985).

Changes in P conponent can originate fromfl uctua-
tions in cognitive state (Godin et al. 1983) anount of
al cohol typically consuned (Polich, 1984? Polich and Bl oom
1986) and individual differences in nenory retrieval

(Kavis, et al. 1984).

Audi tory Processing D sorders:

Nevill e, Kutas and Schmdt (1982, a, b) studied P;
and related | ong | atency conponents and vari ous | earni ng
and devel opnental processes in adults and children (using

bot h normal hearing and deaf subjects, examned intra and



I nter hem sphere specialization daring reading activities
and found that visual BRP were sensitive to cortical acti-
vities occuring during the processing of witten |anguage
material. Furthernore they denonstrated that ERPs were
useful in defining differences in cortical organisation
occuring between the nornal hearing and deaf subjects during

reading activities.

Stterrfield, Schell, Backs and H daka (1984) wor ki ng
with hyperactive and nornmal boys, observed significant |atency
and anplitude difference between these groups using auditory
ERPs. They noted that younger hyperactive subjects exhibited,
| onger peak |atency and snaller anplitude while the ol der

clinical subjects showed shorter latency and | arger anplitude.

Satterfield, Schell and Backs (1987), reported on the
results of a longitudinal investigation of both delinquent
and nondel i quent hyperactive boys as well as nornal age
and gender matched controls. The authors found that |atency
neasures of the auditory long | atency response were sensitive
t o abnornal maturati onal changes in the nondel i nquent group
when conpared to both the delinquent and nornal subjects,
airsa and otz (1990) also found P; latency del ay and decreased
anplitude in children with auditory processing di sorders

when conpared to matched nornal group.



Cogni tive functions:

Auditory ERPs were al so studied by Finley, Faux,
Hut cheson and Anstutz (1985) to study children with cogni-
tive disorders. They found that conpared to nornal controls,
children with organically confirmed cognitive problem had
significantly delayed P;p latency. |In addition children
with organic disorders could be differentiated fromthose
with functional disorders or psythiatric disorders on
basis of Ps latency. Thus patients who nay appear denented
but are actually depressed have normal Pz |atencies while

patients with denmentia have abnormal Psy | atency.

In addition to distinguishing pseudodenentia from
denentia, it seens to provide a sensitive indicator of
fluctuations in nmental state experienced by individua
Patients as a result of changes in underlying illness
(decrease in Py latency with clinical inprovenment in
mental functions and decrease P latency in clinical

deterioration).

Unli ke the routine sensory evoked potential |atencies
that nay renmain abnornal even when function has been
restored, the Psp latency seens to reflect dynamc aspects
of cognitive function in neurologic illnesses that affect

cognitive function.



30

Goodin, Squires, and Starr (1978) found Psy, | atency
I ncreases of the denmented patients was significantly increased
over the normal and neurol ogically inpaired subjects due to
cognitive dysfunction occuring in denentia. Significant
anpl i tude decrease of Pi;p was found between nornmal and
denented patients but anplitude nmeasurenents were consi dered

insensitive for the determnation of infornation processing.

Leppler and Geenberg ( 19 ) found that P |atency
in denmentia supported finding of Goodin et al (1978) Py
| at ency coul d not separate mldly denented patients from
normal. MId and noderate coul d be separated (arterosclerotic
denentia) and al so noderate and normal ie. P |atency was
sensitive enough to separate patients with denentia of the

sane etiology at different stages of the disease.

CGoodi n, Starr, Chippendal e and Squire (1983) found
findings correlating with study of Finley, Faux, Hutsceson

and Arstutz (1985).

Polich (1984) found that peak |atency taken at P,
recording site was negatively correlated with the anount
of al cohol typically consumed and hence subsequent cogni -

tive declined.
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Polich et al (1986) found Ps |atency longer in
patients with prinmary degenerative denentia and ot her cogni -
tive inpairnment conpared to age matched controls. Al so
found P latency reflects the degree of cognitive decline

in denenting illness.

Language and notor speech di sorders:

Eval uating children with either confirned | anguage or
not or speech di sorders Mason and Mel | or (1984) observed
significant intra and inter hem spheric anplitude differences
in the auditory long | atency response conpared to nornal
controls. They specul ated these findings may prove benefi -
cial in the examnation of various factors involved in

nor mal | anguage devel opnent .

Long Psp | atency have been seen in autistic subjects

(Nwa# ct al* 1983* Courchesne, 1984).

Musi ek (1989a) has al so specul ated that the Ps;o woul d
be beneficial in the evaluation of individual wth aphasia
or related communi cation di sorders, since generation of the
Pso required that an individual understand the task at
hand, Misiek feels that observation of the ERP gives inpor-
tant information regarding receptive capabilities which

woul d be useful in planning a therapeutic program



32

Inconsidering all of the above, it seems apparent
that,of all electrophysiological measures the LLP, including
the ERP may be most sensitive to behavioural or cognitive
problems within the CNS (Polich, 1986; Polich, et al.1986).
Whi | e many of these process are often observed in children
with central auditory processing disorders (CAPD), there
is little published information specifically examning the
auditory Psp or associated |ong latency conmponent (LLC)
in children with auditorily confirmed processing disorders
such as described by Wllford and Burleigh (1985).

EXPONENTI AL ELECTROPHYSI OLOGI CAL AGI NG - P; LATENCY:

Al'l of the late potentials are influenced by nearo-
maturational factors with NI, P2 and N2 thought to stabilize
by about 10-15 years of age (Kilney, 1985? Mason and
Mel | or, 1984; Musiek, et al. 1988).

The Ps3go conponent appears to mature somewhat |ater
themthe earlier waves with several studies show ng a decrease
in latency and an increase in anplitude from ages 5-16,
fol lowed by a progressive decrease in anmplitude and an
increase in |atency throughout adulthood (Courchesne, 1978?
Goodin, Squires and Henderson, 1978; Pfefferbaum Ford, Roth
and Kopell, 1980; Polich, Howard and Starr, 1985) and aging
(Goodin et al. 1978).
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ERP have been accorded while performng Steaberg' s
par adi gm (1966) of nmenory retrieval task by young (Roth et al.
1975; 1977; 1978; Coner, et al. 1976; Adamand Col lins, 1978)
and young and ol d subjects (Marsh, 1978; Anders et al. 1972;
Anders and Fozar, 1973; Ford et al. 1979) and found Psy
Increased with increasing nmenory sets and age and thus Ps
reflects the time it takes to encode the test stimulus
eval uation of stimulus. They also found sane relation with

RT but this included response processes al so.

This is consistent with research of (Kutas, et al.1977;
Squires, et al.1977, Duncan-Johnson, 1978; Roth et al. 1978)
I ndicating that generation of Psp iS related to the processes
associated with stinulus evaluation and that the l[atency of
P; reflects the relative tine taken to eval uate stinul us

sufficiently to performthe task.

Pfefferbaum et al (1980) found that the ol der subjects
differed fromthe younger ones in severa/respects - P;
anplitude at P was snaller,P; latency and RT were greater and

rel ati onship between P; latency and RT was consi derably altered.

The recent reports of the clinical utility of ERP in
t he diagnosis of denentia (Godin et al.1978a) and in the

denmonstration of |ess profound cognitive deficits (Pfefferbaum
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et al. 1979a) give promse of an expanding role for clinical

evoked potential applications.

However in order to use the |ate conponents of the ERP
as aclinical tool, the alterations due to "nornal" aging
nmust be wel | established. This is especially inportant for
the study of cognitive inpairnent as the major alteration
seen in denentia - prolongation of P; latency is al so seen,

but to a | esser degree in normal aging (Goodin et al. 1978b).

The | atencies of AEP conponent occuring after 150
msec. (P2, N2, P3) have all been shown to increase as a
function of age (Marsh and Thonpson, 1972; Beent, et al 1977;
Goodi n et al.1978b; Ford, et al.1979; Pfefferbaum et al.
1979b) .

I n contrast conmponents occuring before 150 m sec. whow
little or no latency change with age (Goodin et al.1978b;
Pfefferbaum et al. 1979b) anplitude of these earlier
conponents occuring after 125 m sec. have been reported to
decrease in anplitude with age (Dustnan and Beck, 1966;
1969; Luders, 1970; Brent, et al. 1977). Goodin et al.
(1978b) also found a decrease in anplitude of a derived

N2- P3 conpl ex wi th age.

Pfefferbaumet al (1979b) reported an increase in the

baseline to peak anplitude of the positive conponents (Pl and
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P2) to a sustained auditory stinmulus which was ascri bed,
at least partially to a dimnution of the sustained poten-

tial (sp).

Goodin et al (1978b) denonstrated that the later the
evoked potential conmponent with regard to stinulus onset
time, thenoreit is prolonged with age (ie P; is prol onged
nore than P2 which is prolonged nore than NI'). They cal cu-
| ated the slope of the regression line for the |atency of
t he various conponents on age to be 1.8 msec/year for P,

0.7 msec./year for P2 and 0.1 msec/year for N .

Pfefferhaumet al.(1980) found P2 was | arger and
later, Ps;p later and had a different scalp distribution
and SWwas smaller in the elderly. Wile the ol der subjects
in this study were remarkably healthy and intellectually
active, the presence of occult CNS pathol ogy causing mld,
undet ected deterioration of cognitive functioning cannot be
ruled out. Al so the fact that nornmal aging and denentia
bot h produce a prolongation of Pz |atency raises the
question of simlarity in the nmechanismand warrants further
exam nation of the ERP changes associated wi th each process
In denentia, Psp 1S prolonged when conparision is nmade to

age matched norns, thus the P;sp |atency prolongation is



36
over and above that produced by aging alone. The earlier
occuring conponent, P2, however is aot affected in this
manner in denentia. Nornal aging is acconpani ed by an
increase in both P2 and Ps;o | atency. Denenting processes
produce a further increase in Pz wWhich is additive to
the age related prol ongation bat does not affect P2 |atency.
The authors say that both aging and denentia prolong Py

but pattern of change is different.

Brown, Marsh and LaRue (1983) found that whil e Py
| at enci es of depressed patients have not differed signifi-
cantly fromthe age P; regression line of normals, nost
denmented patients have P; |atencies 2 or nore standard
Deviation (SD) longer than their age peers. They also
found | onger P; |atency were associated with [ower M ni
mental status scores correlations of both Psp |atency
and the mni mental status (M) withage in these patients
were not significant. These data indicate Pz |atency
Is areliable nmeasure of the degree of cognitive inpairnent

in the geriatric patients.

A single exception to age Vs Ps |atency increase
reported by M chael I weski et al (1982) for the emtted
P3soo to m xing clicks in which no age differences were

seen for N2 and P3 latency for other traditional or |atency



corrected average. Linear increase in P; |atency begi nning
at puberty and astending into VII1th decade have been
reported (Goodin, et al. 1978b; Squires et al. 1980;

Syndul ko, et al. 1982; Polich, et al. 1984).

Al'l studies report significant positive |linear corre-
| ations, with slopes ranging from 1.1 msec/year (Syndul ko
et al. 1982) to 1.8 msec./year (Godin et al. 1978b). The
single exception to the finding of a linear P; latency increase
with age is reported by Beck et al. 1980) who found an
increase 0 0.8 msec/year between ages of 28 and 63 and

1.6 msec/year between 63 and 79 years.

Brown, Marsh and Lame (1983) have replicated findi ngs
of above study with regard to the effects of age on anplitude
and | atency of ERP conponents. Additionally they found age/
ERP conponent latency relation is nonlinear. The age P;
| at ency sl ope for subjects under 45 years is 0.53 m sec/year
vs. 3.14 msec/year for the subjects over 45 years. Their
data are best fitted with a curvilinear first and second
degree orthogonal pol ynomal which describes a positively
accel erating latency increase withage. |If the function is
assuned to be linear and is intact non-1inear (as found),
there are two potential consequences for the recognition of

deviant P latency and use of this result in the detection
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of dementia. For the ol dest subjects, deviance woul d be
overestimated because a linear regression line fitted to
t he conparison group would not reflect the accelerating Py
| atency in normal individuals within the 60-80 age range.
For subjects in the m ddl e age range (approxinately 35-55)
years) an inappropriate linear function would underestinate
t he degree of Psp |atency deviance and consequently the
i nci dence of denentia. A non linear relation between age
and P latency ought to be considered say the authors in

bui I ding norns for use in clinical evaluation.

Pfefferbaum et al. (1984a) studied subjects age range
18-90 years for Psp in both auditory and VERP and found a
significant increase in P latency with age of 1-1.5 m sec/
year. The range of normal Ps latency for a given age
(1 standard error of the regression = 40 nsec) for VEP) was
much | arger than obtained by other investigations. The VEP
produced hi gher Psp |atency-age correlation than auditory
paradigm There was al so an apparent change in the scalp
t opography of Pspo Wi th age (distribution becomng unil ateral

distribution in ol der age fromparietal distribution in young).

Pfefferbaumet al. (1984b) used this nornative data

on Psp to distinguish denmentia depression and schi zophreni a and
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found Ps- RT correlation distinguishes better rather

than Pz al one.

Picton et al. (1984) recorded ERP fromFz nor nal
subjects (20-79 years). The latency of Pz wave to
auditory stimuli increased regularly with increasing age
at arate of 1.36 msec. per year and its anplitude decreased
at arate of 0.18 /uv per year. S mlar age related changed
in Pso wave occured in the visual and somat osensory nodal i -
ties. The change in the latency of the Ps;o wave occured
I ndependent |y of any change in the RT which showed not age
rel ated change. The latency of P;3 wave associate with the
detection of an omtted auditory stimulus did not change

significantly with age.

Skl are and Lynn (1984) studied normative aspects and
within subject variability for neurol ogically and audi ol ogi -
cally normtal young adults aged 22-34 years across test
essions separated by 2-4 weeks (M9Q) and across trial within
one test session (M=20). A strong positive correlation
was present between latency of test session | and I1.

ANOVA was not significant as a function of either tests or
trials for test-retest groups. ANOVAwas significant bet-

ween trails within one session, the snmall nean |atency
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difterence between trials (4.7 nsec) interpreted as being
clinically uninportant. The stability of Psp |atency
found in this study over a period of 2-4 weeks supports
Itsapplication to the study of nornmal and di sordered cogni -

tive processes.

Hol conb, D ner and Dykman (1985) studied visual sti-
muli to elicit ERP in 108 normal subjects ranging in
age from8-90 years. Age related inferences were found/ 1k:)gtrh
Pspo latency and anplitude. Children and elderly adults
were found to have latest P;p and earliest Pspp were
found in subject in their twenties. A curvilinear function
best described P; latency - age relation. Ps;o decreased

in anplitude at posterior site and increased in frontal

| ocations with increasing age.

CGordon, et al, 1986) found P; | atencies of normal subjects
and regressed on their ages and resulting |inear equation was
used to predict nornmal latency at a given age/(a%\g-?r?gzn identify
cases of denentia. Qurvilinear regression analysis they found
the prediction of a normal P latency at Cz considered to
be best on the basis of Y=0.45x + 307 for subjects |less than
63 years (standard errors = 26) and Y = 2.3l x+190 (standard
errors = 38) for subjects greater than 63 years. Al so they

reveal ed the increase in | atency accel erated between ages



60-80 age range. Thus they gave equation until age 63 and
after and one below. Al so denented patients coul d be

identified accurately.

Picton et al (1986) studied 10 elderly fenmales (Mean =
69.1 years) and 10 young fermal es (Mean = 22.6 years) to
assess interaction between age and discrimnation difficulty.
The P30 was significantly later for the nore difficult
discrimnation and was significantly greater later for the
ol der subjects than for the young. However, there was no
significant interaction between age and difficulty. Their
results indicate that the age related changes in the |atencies

of AEP were independent of discrimnation difficulty.

Because of its relationship to information processing
the Psp has been studied extensively across the |ifespan
in order to eval uate the neurophysiol ogi cal basis of the
charges in cognition that occur with aging. Normal increase
withage in P; latency/cognitive processing tine m ght be
due to a decrease in neural conduction velocity caused by

an age rel ated decrease in nyelination.

However, further studies of the relationship between

Pspo latency and age are needed to clarify whether these
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Interpretations and findings are right and to establish
reliable normative Pio data. Such research nust investigate
| arge nunber of ol der aged persons because Psy | atency
appeal s to be extrenely variable in the elderly (Pfefferbaum
1978). Sone el derly peopl e have | atency conparabl e to those

aged 20 years or sone very del ayed.

"Perhaps the greatest potential of Ps;o conponents
I nvestigations is not sinply to establish P |atency
nmeasures as diagnostic aid. Any other psychol ogi cal tast can
identify denmentia and ot her disorders. Rather investigations
of Pspo responses in denentia, agingetc may further our
under st andi ng of whi ch aspects of cognitive functions are

affected by these states especially denentia".

In the future auditory evoked responses battery may
I ncl ude the cognitive conponent Ps;o which nay be used to
nmonitor progress in patients with central nervous system
I mpai rment follow ng various habilitative interventions.
More information may be derived with nultiple electrode
pl acenents. As the imaging techniques becone nore and nore
sophi sticated, there nmay be better correspondence between
specific sites of lesions and results of event related

potential studies.



' METHODOL OGY

The present experinent was undertaken to study the
fol | owi ng obj ecti ves:

1. If there is any differences in the Ps;o |atency and Pz
anpl i tude of normal s and geriatrics.

2. If there is any difference in the Pso latency and Pz
anpl i tude of geriatrics between groups 50-60 years and
60- 70 years.

3. To find if age can be used topredict the |atency of Py
le to find age Ps;o regression line in normal and
geriatrics and find if a linear or curvilinear aquation

can be used to predict nornal latency at a given age.
SUBJECTS:

Three groups of subjects were tested. The first group
consisted of 16 normal adults between age range of 18-22
years(8 nmales and 8 fenmales) with nmean age of 19.8 years
who wer e doi ng undergraduate training in Audiol ogy and
Speech therapy at AIl India Institute of Speech and Heari ng.
The second group consisted of 10 geriatrics, between age
range 50-60 years (7 males and 3 femal es) with nean age of

53.8 years. The third group consisted of 10 geriatrics
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bet ween age range 50-70 years (9 nales and 1 fenale) with

mean age of 65.4 years.

The groups were not cautiously nmatched on gender as
the review reveal ed no gender effect on the auditory cogni -

tive potentials (Polich, 1986c).

CR TERI ON FCR SELECTI ON CF SUBJECTS:

1. Al subjects had volunteered for this experinent.

2. None of the subjects had any past history of any
ot ol ogi cal invol verent and psychol ogi cal di st urbances.

3. Al the adult subjects were presel ected on the basis of
hearing wthin 25 dB HL (ANSI 1969) on air-conduction
threshol d at frequencies 250, 500, 750, 1KHz, 2 KHz,

4 KHz and 8 KHz bilaterally with airbone gap not
exceeding 10 dB HL bilaterally.

4. Al the geriatric subjects were preselected on the
basis of hearing within 25 dB HL (ANSI 1969)on Air
conduction threshol d at frequencies 250, 500, 750, 1 KHz,
2 KHz, 4 KHz and 8 KHz bilaterally with ai rbone gap not
exceeding 10 dB H. bil aterally.

5. Al the subjects did not report of any history of noise
exposure, giddiness or tinnitus.

6. All the subjects did not report or any nedi cal or neuro-
| ogi cal inpairnent such as hypertensi on, essential

trenors etc.
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7. The subjects were able to relax in the presence of el ectrodes
pl aced for the duration of testing and inpedance val ues
were withinnormal limts.
8. Al the subjects had no previous exposure to cognitive

potential recording.

As it was difficult to find normal geriatrics wth
nornmal hearing no associ ated nedi cal problens |ike diabities,

hypertension, incidental sanpling was done.

| NSTRUVENTATI O\

The entire experinment was conducted in a specially
designed electrically isolated and air conditioned sound
treated roomusing N col et Conpact Auditory System 2 channe
el ectrodi agnosti c system equi pped with J. Version (1986)
evoked potential software. TDH 39 earphones with tel ephonic
conporation PN cushions were used to deliver the condensa-
tion tone burst stimuli (both target and non-target) of
particul ar frequency(2 KHz) for the target sound and 750 Hz
for nontarget standard tone at 75 dB HL binaurally at pro-
bability ratio of 80/20 for non-target/target. The rate of
presentation was 0.7/sec. with arise and fall tinme of 2 m sec.
and a plateau of 20 msec. binaurally. The anplifier filter

were set to a band pass of 1 Hz - 30 Hz.
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The paraneter of non-target stinmulus S1 were Frequency =
750 Hz; Intensity = 75 dB; Probability rate = 80% The para-
neter of target stinmulus S2 were Frequency = 2 KHz; Intensity =
75 dB; Probability rate = 20% The equi pnent set up, patient

record test selection were done as given in the nanual.

ELECTRCDE PLACEMENT:

The electrode site for two channel nappi ng recordi ngs

were selected as G and Pz, as positive, the FP; as common

and Al and A2 as negati ve.

The el ectrodes were plugged into the follow ng jacks

of the el ectrode head box.

Ste Headbox connecti on
Forehead (FP,) CON
Vertex (C) 1+
P 2+
Left ear (A) 1-
R ght ear (A2)

ELECTRCDE CONNECTI ON FCR A P3go RESPONSE:

™

NASION

com

o 2+

NioleT 6@
NicoLeT BiomepiCaL
NICOLET
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Silver cup electrodes were fixed at the sites given in
Fig.l after thorough skin surface cleaning with spirit
and later filled with standard EEG el ectrode paste,
suitably secured in place with surgical tapes. In all
t he recordi ng maxi numof 10%automatic artifact rejecting

wer e" al | owed.

PATI ENT SET UP:

The patient was reclining or sitting confortably with
the head fully supported to ensure noi se free recordi ngs.
Neck and jaw nuscles were relaxed and in a confortabl e

posi tion.

| NSTRUCTI ONS TO THE SUBJECTS:

1. The subjects were instructed to be alert but rel axed
t hr oughout t he recording

2. The subjects were asked to keep hi s/her eyes open and to
fixate his/her vision to one spot to mnimse al pha
I nterference.

3. The subjects were asked to relax all neck and jaw nuscl es.

4. The subjects were told they would hear two stinmuli. The
difference between the rarely occuring stinmulus and
frequently occuring stinmulus was described. Here they
were told a low pitch click would occur frequently and

a hi-pitch click would occur rarely.



5. The subjects were asked to pay maxi num attention and to
count the number of rare occuring stinuli silently
and ignore the frequent none target stinuli.

6. The subjects were cautioned to avoid tine | ocked physica
responses suchas eye blinks with each presentation of

the rare stinul us.

PROCEDURE OF RECORDI NG

1) The earphones were placed on the subjects ear,
being careful not to dislodge any el ectrodes.

2) The bl ue earphone was over the left ear and the
red earphone over the right ear. The center of the earphone
di aphragm was placed directly over theea canal opening.
This is not always the nost confortabl e earphone placenent,
but this placenent is critical for the delivery of accurate

stimulus intensity |evels.

The el ectrode | eads and el ectrode head box were as far
away from the earphones as possible. The earphones and

head box cabl es did not overl ap.

VEASURI NG | MPEDANCE

The inpedance of the electrodes were neasured for each
el ectrode for two channels. The inpedance values for the
positive and negative el ectrodes were referenced to the

common el ectrode.
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Al'l el ectrode inpedances were less than 5 K and within

3k of each other. They were adjusted to read this val ue.

The negative el ectrodes Al and A2 were |inked toget her
by neans of a junper to obtain the clearest P waveform

after the inpedance neasurenents wer e nade.

MEMORY BLOCKS:

The Psy recording was done by collecting the responses
to the frequent stimulus and responses to the rare stimlus

I n separate nenory bl ocks which were conti guous.

PROCEDURES FOR ACQU R NG DATA:

Once the patient was settled, data was acquired. The
status of S1 and S2 were observed to see if all paraneters

wer e appropri ate.

The Psoo responses were displayed with, the response
to the frequent stimulus in nmenory block 1 on the left and
responses to rare stimulus nmenory block 2 on the right. The

systemis activated by pressing in sequence.

Display M1 ‘ Mz I Execute

Erase Execute

Acquire [ Execute
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The averagi ng process begi ns now and wavef or m becane visi bl e

after a few mnutes of averagi ng.

The anplitude of E ectro encephal ograph (EEG was
within the vertical screen boundaries. |f the EEC exceeds
the screen, the sweep was rejected and the word artifact
woul d appear on the screen. The nunber of seeeps accepted
(NA) and the nunber of sweeps rejected (NR for sl and S2
wer e di spl ayed on the | ower portion of the screen. |If
nore than 10%rejection rate was di spl ayed, the patient
was resettled making sure that all head and neck nuscl es

wer e rel axed.

Averagi ng was stopped after 300 artifact free sweeps

wer e acqui r ed.

The waveforns were then centered on the screen using
basel i ne correction (BLS) comrand, base line corrects al

di spl ayed waveforns by renoving any direct current(DC offset.

The gain of the waveforns were adjusted pressing the

gain button arrows.

PROCEDURE FOR ARCH VI NG DATA:

Storing data: After the patient record was created, the data

was stored using datafile nane. The data was then recall ed

and plotted.



LABELI NG WAVE FCORVS.

The identification (IDN command was used to identify
and | abel waveforns anplitudes and | atencies. This infor-

mati on was al so printed and stored.

An exanpl e of waveform | atencies and anplitudes identifi

ar e:

il CUR %
o b, 1/////*\\\\\\\//
IS A

f ~_ N ~_ N -

mg
Fr equent Rar e
NI = 92.80 NL = 102. 4
P2 = 172.8 P2 = 163.2
Anp - P2=8.59 N2 = 198.4
Amp - 82 = 10.15
P3 - 352.00

Amp P3 = 15.42
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The latency of P; was defined by the conputer at each
recording site as the nost positive peak after 250 m sec.
of the average waveformto the target tones. Its anplitude
was neasured frombase |ine to peak. This base |ine was
defined for each participant as the average voltage of
100 m sec. epoch prior to the onset of each stimuli (Gorden

Krauschen, Starfield, Meares and Howson, 1986).

The above neasures were done for each subject of both
the normal young adult group and the geriatric group and
t he val ues of the two were conpared. The results obtai ned
wer e anal ysed using statistical procedures to find out if
there was statistically significant delay in latency as a

function of aging.



Fr equent

ANALYSI S, RESULTS AND DI SQUSSI ON

The data of Pz latency anplitude nmeasures were

subjected to statistical analysis.

Descriptive statistics was applied to find the nean,
nmedi an and standard deviation of Psp anplitude and | atency

of each of three groups.

Mann Wai tney two sanple U test was carried out between
each of three groups and between nornal adult group and

geriatric group as a whol e.

Li near regression anal ysis was done between age and
Psoo | at ency.

Table-1: Statistical summary group-1 age-18-22 years.

Vari abl e | No. of Mean Medi an SD M ni rum | Maxi num
subj e
cts.
Age 16 19. 79 20 1.48 18 22
N, 16 100. 69 99.2 9. 67 89. 6 123.2
P, 16 171.6 172 17. 83 147. 2 206. 4
Anp P, 16 6. 02 6. 05 3.75 .14 12.3
Ny 16 98. 06 99. 2 7.84 76. 8 108. 8
P 16 165. 65 164. 8 14. 34 140. 8 187.2
N 16 211.43  210.4 26.81 158.4  252.8
Anmp P, 16 0. 82 11.13 4.09 2.63 18. 35
= 16 317.31 320.8 19.04 272 337.6
3

Anp P; 16 5.18 5.46 311 .39 11. 32
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Tabl e-2: StatisticalSummary groug-2age 20-60 |Years
Vari abl e I\bt.) of Mean Medi an SD | M ni num | Maxi num
sub-
jects
Age 10 53.8 53.5 3.49 50 59
Fre N, 10 100. 24 98. 40 18. 89 76. 8 132.8
quent p, 10 192.16  196.8  17.01  169.6  222.4
Amp. P, 10 9. 60 9.27 2.17 0.15 12.5
Rare N; 10 100. 96 95.2 18. 05 72 129. 6
P, 10 176. 24 179.6 15. 17 153. 6 201. 6
N, 10 236. 72 234. 8 20. 11 208 265. 6
Amp P, 10 10. 26 11.71 3.36 5.17 13. 86
Ps 10 333. 04 340. 8 24. 74 292.8 390. 4
Amp P3 10 8.10 7. 96 4. 15 2.53 12. 89
Tabl e-3: Statistical group-3 Age 60-70 years.
Vari abl e No. of | Mean Medi an SD M ni mum | Maxi num
subj ect s
Age 10 65. 4 65.5 2.98 60 69
Fre P, 10 96. 99 100 12. 71 73.6 118. 75
quent P, 10 181.92 190.8 29. 83 136 231. 25
Amp P, 10 9.28 8. 98 4.02 3.9 15. 4
Rar e Ny 10 100. 13 95.2 21. 87 72 150. 4
P, 10 169. 4 162. 4 26. 03 139. 2 204. 8
N, 10 222. 56 235. 6 32.72 160 268. 75
Amp P, 10 6. 93 7.37 2.17 3.51 10. 15
Ps 10 357.96 353.1 43. 68 302.4 440
Anmp Ps 10 9.01 9.32 4.79 2.44 18. 55
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Tabl e-4. Statistical summary group | & || conbi ned, Age 50-70 years

Vari abl e hbbof Mean Medi an SD M ni num | Maxi num
Sup-
jects
Age 20 50.6 59.5 6. 74 50 69
Fr e- N, 20 98.62 99.2 15. 72 73.6 132. 8
quent o, 20 187.04 194. 4 20.21 136 231. 25
Anp P, 20 9.44 9.08 3.15 3.9 16. 4
Rar e N 20 100.55 95.2 19. 52 72 150. 4
P, 20 172.82 173.6 21.03 139.2 204. 8
N 20 229.64 227.6 27.41 160 268. 75
Anp P 20 8. 60 8 3.24 3.51 13. 86
Ps 20 350.5 340.8 35.39 292.8 440
AP by 20 8.58 8. 84 4. 39 2. 44 18. 56

RESULTS AND DI SGUSSI O\

The statistical analysis of the data on Pz obtained is given

in Table-1 in terns of nmean, nedi an and standard devi ati on.

1. There was a significant difference on Mann Wit ney twosanpl e
test between normal adults (18-22 years Mean 19.8 years) and
aged G oup-2 (50-60 years.

(Z=-3.1034 P 0.001) and P; anplitude (Z= -1.8 P

Mean 54 years) for P; | atency
0. 06).

2. There was significant difference between normal adults (18-22
Mean 19.8 years) and 3rd group (60-70 years Mean 65. 4
(Zz=-2.16 at P

years,
years) for P.

at (Z =-2.1079 P .05)

| at ency. .05) and P; anplitude
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3. There was significant difference between nornal adults
(18-22 years; Mean 19.8 years) and geriatrics (50-70
years; Mean 59.8 years) for P; latency (z = -3.11 at
P, 0.001) and P; anplitude ( Z= 2.3270 at P .05).

These results indicate that there is age rel ated
significant variation in the latency of P;o on conparing
geriatrics (50-70 years) and adults (18-23 years) and (2)
there is age related variation in anplitude of Pz oON
conparing geriatrics (50-70 years) and adults (18-22 years).
Since P;o anplitude is highly variable and dependent on

other variable than age this finding is not of inportance.

4. There was no significant difference between 2nd and 3rd
group ie between geriatrics (50-60 years) and 60-70
years for P;o latency and anplitude. This indicates
there is no age related significant variation in geria-
trics of 50-60 ages and 60-70 ages for P3QQ |latency and
anpl i t ude.

5. Correlation results of Spearman's rho showed no signifi-
cant correlation between age and P; latency. On linear
regression neither linear function nor curvilinear func-
tion could approximate the P;o |atency and age rel ation-
shi p.

6. There is greater variability in 60-70 age range SD=43. 68
than 50-60 SD =24. 74 and young adults SD = 19. 04.
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Tabl e-5: Studies on P3g9 and normal aging.

N X P, SD | XAge | SD |Corre | Sl ope
| a Inm
tion sec/

year

Al subjects
Brown et al 49 322 37.6 45 21.7 .648 1.12
Polich et al 77 331 37.0 43 17.6 .610 1.28
Syndul ko et al 45 351 35.5 48.2 19.7 .645 1.16
Goodi n et al 40 337 37.6 39.3 17.3 .853 1.85
Klaire -and Lynn 20 306.8 16 27.1 4.3 .96  2.01
Pfefferbarumet al 135 — — 18- 90 . 32 1.5
Gordon et al 55 - — 15- 89 6.7 .55
Present study 36 335.7 35.5 - 6.7 NC -
Young subj ects

45
Brown et al 25 304 22.7 25.8 8.2 . 193 .53
Polich et al 41 310 24. 7 29.2 7.6 -082 -.27
Syndul ko et al 20 330 27. 2 29.7 89 -.012 -.20
Goodi n et al 28 318 22.9 29. 4 8.3 .614 1.69
Present study 16 317.34 19.03 19 1. 47 NC NC
A der subjects

45
Brown et al 24 342 40.5 65. 3 9.3 . 720 3.14
Polich et al 36 354 35.0 59.7 9.8 .435 1.56
Syndul ko et al 25 368 32.1 63.0 11. 4 .632 1.77
@l din et al 12 381 26.5 62.2 8.9 471 1. 40
Present study 20 350.5 35.3 59.6 6.7 NC
N - Indicates nunber of subjects

X/ P3- Indicates nean Psy latency in nsec.

SD - Indicates standard devi ati on.
X age - Indicates mean age

NC - Indicates no correl ation.

R - Indicates range



The findings 1, 2, and 3 are in concurrence wth ot her

studi es done on the sane topic as shown in the Tabl e. 5.

Wiile finding 4 and 5 do not agtee with other studies

of simlar nature as shown in the Tabl e-5.

The first three findings indicate that ol der subjects
differed fromthe younger one in P; anplitude and P;
| atency (Goodin, 1975; Pfefferbaum et al.1980). But P;
anpl i tude data show great variance and dependent on extra-

neous vari abl es hence i s not given inportance.

Al so these findings provide a normative data for P
| at ency and for younger age group (18-22 years) and ol der
age group (50-70 years). This is especially inportant for
the study of cognitive inpairnment as the najor alteration
seen in denentia ie prolongation of P; latency is al so seen
but to a | esser degree in nornmal aging as shown by this study
(Goodin, et al 1978b).

Findings 4 and 5 indicate that we were not able to
establish any significant positive correl ation between age

and P; | atency.

The review of literature an this aspects reveal s that

there are several contradictions regarding this aspect.
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Wi | e Goodin et al (1978b); Polich et al (1982);
Syndul ko et al (1982) found significant positive |inear

correl ati on between age and P | atency.

Brown et al (1982) found that age P; latency rel ation
was non-linear. The slope of age P; latency for subjects
under 45 is 0.53 msec/year vs. 3.14 nsec./year for

subj ects over 45 years.

Cordia et.al. (1986) established curvilinear function
bet ween age and P; latency for subjects |ess than 63 and

greater than 63.

Picton (1986) study indicated that the age rel ated
changes in the latency of AEP were independent of task
difficulty. Hence the linear vs non-linear function nust
await further experinents,specifically designed to study

t hese i ssues.

Thus these differences of regression nmay be due to
variety of factors including paradi gns, task instructions
P; | atency neasurenent technique and differences in subject

popul ati on.

In the present study, the nature of the task m ght
have tapped el ements of task strategy and nental ability
in away that enhanced individuals differences and therefore

di mni shed the association of P; latency and age.
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O relevance here is the fact that our subject popu-
| ation was incidentally sanpled and included individuals
representing a broad range of socio economc status and
educational attainment. Thus individual differences in P;
| ateney attributable to factors other than age were perhaps

maxi m sed.

In contrast other studies (Goodin et al (1978); Brown
et al (1983) used a nore honogenous, hi gher socio-econom c
popul ation drawn largely fromhospital personnel and

retirement comunity.

Thus there may be sone variable related to subject
selection that at tinmes brings out a linearity, other tine
curvilinearity and other tinme no linearity in the age

P; latency regression.

In sumary, the results of this study reaffirmthe role
of aging as a contributing factor to changes in both the

| atency of the P; conponent.

This study is in contrast to sonme others which reported
P; -age regression linearity, differences in task demands,
patient sanples and ERP anal ysis techni que m ght explain

sone of the discrepancy.



SUMWARY AND OONCLUSI ONS

The current study was undertaken to investigate if
there was any age related significant variation in the
| atency of P and its anplitude on conparing nor nal
young adults (18-22 years) and normal geriatrics (50-70
years). It was also designed to determ ne the nost
accurate description of the relation between Ps;p |atency

and age on age Psp |atency regression.

Three groups of normal vol unteers subjects were
tested. The | group 16 nornmal adults (18-22 years), the
Il group, 10 nornmal geriatrics (50-60 years) and third
group (60-70 years), 10 nornal geriatrics participated
in this study. They were studied on an "auditory oddbal
paradi gm' in which infrequently securing target and non-
target events were used to elicit event related potentials
with a promnent P conponent. Regularly occuring audi-
tory stimuli (750 Hz, 70 dB, 80%of trials) was randomy
replaced with tone of different pitch (2000 Hz, 70 dB, 20%
of trials). The subjects were instructed to keep a cumul a-
tive count of rate tones and to ignore frequent tones. Pz

was recorded at Cz and Pz el ectrode sites.

The nean Pz | atency was 317.31 msec. (range 272-337.6),
340.8 (range 292.8-390.4) and 357.96 (range 302.4-440) - nsec.

for the I, Il and Il group respectively.
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There was a significant difference between -
1. neans for P; latency for group | nornal adults (18-22
years) and group Il geriatrics (50-60 years) (Z= -3.10
P .001)
2. neans for P; latency for group | normal adults and
group Il geriatrics 60-70 years (-2.16 at P .03).

3. means for P; latency for group | normal adults and

group Il and Il conbined geriatrics 50-70 years
(Z2=3.11 at P .001).

There was no significant difference for P; |atency between
group Il (50-60 years) and group Il (60-70 years). Age P;
| at ency regression showed no correlation, neither |inear

nor curvilinear.

The results of this study reaffirmthe inportance of
aging as a contributing factor to changes in the |atency of

P30 conponent.

This study is in contrast to some others which reported
P; - age regression linearity/curvilinearity/nonlinearity
differences in task demands; patient sanpl es and ERP anal ysi s

t echni que m ght explain some of the discrepancy.
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SUGGESTI ONS FOR FURTHER RESEARCH:

1

To carry out simlar study on large number of normal
adults and geriatrics.

To vary other parameters like intensity, frequency and
frequency space between the target and non-target stinmuli
and carry out simlar experiment.

To carry out studies on Ps in the handicap population
|ike dementia, learning disability, language and motor

speech disorders, mental retardation, etc.
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