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| NTRCDUCTI ON

Brainstem auditory evoked potential (BAEP) audionetry
has rapidly becone a very inportant tool in the field of
clinical audiology, otology, neurology and neuro- otol ogy and

I's one of the widely used electric response audionetry (ERA).

The ABB is recorded by attaching electrodes to the
surface of the scalp and anplifying the electrical activity
obtained imediately following an auditory stimulus. The
response is low in anplitude and is buried in other ongoing
activity in the nervous systemtherefore, special comon node
rejection anplification response filtering, and conputer
averaging are needed to differentiate the response to the

stimulus fromthe other activity.

Early reports on the ABR were provided by Jewett, Ronmano
and WIlliston (1970), Jewett and WIliston (1971) and Sohner

and Fei nnesser (1967).

A norrmal ABR waveformis characterized by five to seven
vertex positive peaks that occur wthin 1.4 to 8.0
mlliseconds, the labelling convention for the waves was
suggested by Jewett and HIlliston (1971) by using Ronan
nunmerals | through' VIl to identify the peaks. The nost

prom nent vertex positive peaks in the waveformare waves |,
11, V.



Sone of the early researches suggested that wave V cane
from the inferior colliculus, wave |V from the lateral
| ermi scus, wave Il fromthe olivary bundle, wave Il fromthe

cochl ear nucleus and wave | fromthe MI11th nerve.

Hol ler and Janneta (1981) reported that wave | and in

part wave |l can be attributed to MIIth nerve activity.
There are no sinple generator sites for waves III1-VlI, and
each is nost |likely a reflection of conplex inter-

relationships and ‘'overlapping activity of br ai nst em
structures at several sites within the —central auditory
system (Achor and Starr, 1980a, 1980b; Kevanishvili, 1980;
Mair, HEverland, and Laukli, 1978) and even wave ||l has at

| east two putative sites.

G all the evoked potentials, BAEP shows the |[east
variability as the quality and reproduclbility of the ABRis
quite independent of the state of the subject and can be
obtained in subjects who general anaesthesia or conatose.
Because of this replicability, consistency anong subjects,
and sensitivity to disorders in these auditory pathways, the
ABR has becore an inportant tool in both clinical evaluation

and intra-operative nonitoring.

Nevert hel ess, in BAEP, the latencies and anplitude of
the potentials are influenced by many factors like stinmulus
pol arity, stimulus rate, stimulus intensity, stinmulus

duration and rise tine, stimulus frequency, nonaural Vs



bi naural stinulation, electrodes nontages, filters, one Vs

two channel recordings, age, gender,attention, nedication
and drugs etc.

Age is one of the inportant factors. ABR obtained in premature

and terminfants vary fromthese obtained in adults (Hecox
and @&l anbos, 1975: Starr, Anie, Martin, and Sanders,

1977;: Jacobson, Morehouse and Johnson, 1982: Schul man

Gal anbos and Gal anbos, 1975). Waves |, Il & V are nost

vi si bl eandt he nor mal wave VI at ency f or anewbor n

approximates 7.0 mlliseconds at 60dB nHL. | nt er wave

| at enci es may be prol onged upto approximately 12 to 18 nonths
of age (Hecox and (al anbos 1974; Starr. Amie, Martin and

Sanders, 1977) and the anplitude of wave | nay be greater

t han wave V.

Wave | may be prolonged in infants, but generally not as

much as wave V, often generating a |longer interwave |atency

interval than observed in adults. This say be related to

cochl ear Maturation (Rubel and Ryals, 1983; Ryan, Wolf and
Sharp, 1982), neuronal nmaturation (Starr, Amie, Martin and

Sander s, 1977: Stockard and Stockard, 1981), r educed

efficiency in external and/or mddle ear sound transm ssion

and occasional ly coll apsing ear canal s.

In contrast to the interest in the devel opnent changes

In the ABR, the potential influence of aging in adults has
recevied remarkably, little attention.



EFFECTS OF ACE

Age is an inportant factor in behavioural audionetry.
The age-related decrease in pure-tone sensitivity for higher
frequencies and in sone patients, |ower frequency, is well-
docunent ed. Depressed performance in speech understanding for
both single word and especially in sentences in conpetition
Is associated with aging. Age is also a factor in inpedance
audi onetry static conpliance decrease as a function of age.
Wth increasing age, acoustic reflex thresholds wusually
i nprove slightly for pure-tone signals, and are elevated for
noise signals, even in subjects wth normal hearing.
Consequently, the noise-tone difference is decreased as a
function of age. CGersdorff (1978) reported decreased
anplitude for crossed (contralateral) and uncrossed
(ipsilateral) acoustic reflexes, in subjects wth nornal
hearing sensitivity. The view of these age effects in other
aspects of auditory function, it seens reasonable, to suspect
an age factor in the ABR (Jerger and Hall, 1980).

Mrtality rates for the aging popul ati on have decli ned,
norbidity often has not. VW may thus expect to encounter an
ever increasing population with the di seases of aging.

The effect of aging process on the human auditory system
has been reported in the literature as early as 1800 A D.
Jerger (1973) stated, the aging process produces systematic
changes in each of the two critical dinensions of hearing
inpairment-loss in threshold sensitivity and loss in the

ability to understand suprathreshol d speech.
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Vi sion and hearing are ranked first in inportance for a
heal thy ol d age. The general adjustnent problens. Facing the
el derly are conplicated by both general physical illness and

| oss of heari ng.

The i nci dence of hearing loss in the elderly populationis
significantly high and the nbst conmopn cause of hearing is
presbycusis, or the |oss of hearing due to agi ng process
(Satal off, 1966). Pusbycusis mani fests changes in the entire
auditory system (Schuknecht, 1955).

It nust be the goal of those on whomthe responsibility rests
to insure that the best kind of assistance is given to the
el derly individual who desperately nmay need assistance in

resol ving his problem

An effective progranme of aural rehabilitation for the
geriatric patients should be as conprehensive in approach as
the hearing problemitself. The first step for such progranmre
i s proper audiol ogical testing which should involve a battery
of tests including ABR. In order to assess, adequately, the
severity of hearinginpairnment, the factors of prineinportance
is reference standard agai nst which a person's hearing is
eval uated. Various age rel ated changes in ABR wavef orm
nor phol ogy, | atency and anplitude should be known to an

audiologis't to arrive at an appropriate di agnosis.



The available data have been controversial about the

role of ace. eg., Rowe (1978) denonstrated significant

in ABR between old and young subjects, while

di fferences
hardly found any significant

Beagl ey and Shel drake (1978)
di ff erences.

efforts may allow us to project

Thus review ng past
rehabilitation for ol der adults.

future directions for aural



AG NG AND | T'S CONSEQUENCES

The branch of nedicine that concern with the prevention
with aging is called "geriatrics", the term coined by an

Ameri can Physician, Ignaz Leo Vaschers (1909).

Over the age of 65 constitute the group identified as
"the aged". However, this group is not honogeneous. Wth
regard to nost factors, and gerontol ogist have divided the
aged into the younger (age 65-75 years) and ol der aged (75yrs
and older) (Busse and Pfeiffer, 1977). Shanas and Maddox
(1976) have identified 3 subgroups of aged; the "young old"
(45-64 years), "the old" (65-74 years) and the "old ol d* who

are over 75 years.

Birren (1959) distinguishes 3 kinds of aging these are:
1) Biological, or the length of Iife in years, nonths etc.
2) Psychol ogical, which indicates the adaptation capacity of
t he organi sm
3) Social age, or the social output and performance of the

person relative to his or her culture and social group.

The period of life designated as "old age" is unique in
that it inevitably brings wth it various declines in
functioning. It demands that the person experience and adj ust

to sonme degree of debilitation and reduced capabilities.

Changes take place on al nbst every aspect of a person's

functioning, at rate which varies from individual to
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I ndi vi dual and wi thin each individual. Howrapidly and in
whi ch areas physi ol ogi ¢ and psychol ogi c changes occur is
| argel y dependent on a person's genetic endowrent, the
envi ronnments i n whi ch he/ she was reared and presently lives
and the total life history of the person prior to ol d age.

The normal biological and physiological
changes concom tant with agi ng are not due to di seases are
many. They
I ncl ude;
1) Decline in heart output and bl ood supply, particularly
to the brain,
2) Reduced stonmach and intestine notility, which produces
di gestive problens and consti pati on.
3) Decreased vital capacity of the |ungs.
4) Bone decalcification | eading to osteoporosis.
5) Stiffening of joints and |iganents.
6) Loss of teeth.
7) Graying and | oss of hair.
8) Loss of genitourinary systemefficiency.
9) Reduction of subcutaneous fat.
10) Decrease in oxygen utilization.
11) Lowered hornonal out put.
12) Changes in sensory processes and many nore
(Rosenwasser, (1964).
Psychol ogi cal changes in cognitive-intellectual aspects
and enotional -personality alterations are noted ( Thonpson
1973).



Menory deteriorates in old age. Learning ability is

al so influenced by central processing problens.

Particularly inportant for everyday activities are the

changes in sensory processes whi ch acconpany ol d age.

They have increased threshold and touch, decreased pain
sensitivity, and a lowered ability to perceive tastes. They
have trouble identifying comon substances by snell,
correlated with a loss of taste buds and reduced taste

sensat i ons.

The visual problens of the aged include reduced
peri pheral vision, greater vulnerability to glare, increased
visual threshold, yielding decreased perceptual abilities,
and  poor dark adaptation, vi sual acuity, contr ast
sensitivity, accomodation and colour matching. Cataracts,
gl aucoma, poor visual orientation and visual problens which
reduce nobility and increase the isolation of the aged

(Butler and Lews, 1977).

Hearing inpairnent is one of the nost w despread sensory

deficits associated with the normal agi ng process.

The effect of aging on the human heari ng systemhas been
reported in the literature as early as 1800 A D.
Zwaar demaker {1891), observed progressive deterioration of

hearing for high frequency sounds w th advanci ng age.
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Bezol d (1894) using whispered voice test in elderly (50-
70yrs) denonstrated that the hearing loss for whispered
speech increases as a function of age. He al so observed that
mal es have poorer hearing than fenales. On the basis of
Rinne'S test, he concluded that reduced hearing power of the
aged resulted froman affected inner ear and not from di sease

of mddle ear structure.

For all age groups (20-60yrs) pure-tone sensitivity is
nore viable in the high frequency than in the |ow frequency
and prinmarily for high frequency above 1024 Hz there is a
progressive deterioration in auditory sensitivity as a
function of age (Bunch, 1929).

1935-1936 National Health Survey (NHS), indicated an

exponential increase in hearing | oss wth advanci ng age.

Seth and Kacker (1971) assessed the level of hearing in
a sanple of 100, ranging in age from5 to 77 years. The
results revealed a gradual increase in the loss of hearing
with increasing age especially after fourth decade of Ilife.
The hearing loss was nore nmarked at high frequency while the

speech frequenci es were preserved.

Punnan (1976) eval uated 100 subjects of age ranging from
35 years to 74 years. The analysis of data reveal ed a gradua
Increase in hearing loss with age and frequency. The onset of
hearing loss was reported to be earlier by about 5 year

conpared to Wstern reports.
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Indrani R (1981) studied the age and sex variations in

hearing in 180 subjects (10.6 years to 87 years)of Indian

Nationality. She indicates increase in hearing threshold
as afunction of age. The dependency of hearing acuity on
frequency was noat nmarked in the ol der popul ati on.

Rosen etal (1962) conpared the nedi an heari ng
levelsthe 10-70 years old Mibaans to hearing levels of
corresponding age groups who were tested in the 1954
| Tiaconain atate Fair Hearing Survey and found better hearing
in Mabaana and showed that the Mabaans do not experience
deteriorations of hearing as a function of age to the sane
degree as the subjects exanined in the Wsconsin study.

" Simlar study was reported by Kapur (1967) who surveyed
the hearing sensitivity in Todas, a tribal population |iving
in the hilly regions of Nlgiris. This tribe has mninal
exposure of noise. Total nunber of subjects included 50M and
43F of age ranging from6 years - 70 years. The analysis of
results revealed nornmal hearing in 74% and hearing loss in
26%of the test population. O the latter, 25%had conductive

| oss and only 1% nani fested SN hearing | oss.

Thus data on hearing and aging gleaned from field

studi es reveal that:
1) Measurable changes in auditory sensitivity for high

frequency puretones (4000 - 8000Hz) occur by fourth decade

of life of nmen and wonen.
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2) The variability in puretone thresholds, especially in the
hi gher test frequency, is greater for the ol der age groups
than in the younger age groups.

3) Men lose auditory sensitivity in the higher frequencies
nmore rapidly as a function of age than wonen do.

4) The noxious elenents in our culture and the unique life-
styles that people lead have a significant effect on the
degree to which hearing sensitivity changes as a function

of age.

The agi ng process produces systematic changes in each of
the two critical dinmensions of hearing inpairnent loss in
threshold sensitivity and loss in the ability to understand

supr at hreshol d speech (Jerger, 1973).

Pitch discrimnation, auditory acuity and speech
perception are worse anong ol der persons (Fozard and Thonas,
1975) though the inability to understand speech nmay be a
function of vocabulory as well as audionetric considerations
(Farrinmond, 1961) and is accentuated when |istening takes
pl ace under environnmentally stressful conditions (Corso,

1977).

Phonem ¢ regression (Gaeth, 1948) is a condition in
which the ability to discrimnate speech (neasured wth
phonetically balanced nonosyllabic words) is dimnished in
elderly individuals with presycusis. The presence of an age

rel ated gradual decrease in the speech perception, out of
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proportion to hearing |oss for pure tones, has been
confirmed in different studies (Pestalozza, Shore, 1955;

Goet zi nger, Rowsey, 1959; Kl otz, Kel ban, 1962).

Mol | er (1981) however, found only a mnor decrease in

the discrimnation score for nonosyllabic words with age.

Further limtations in hearing concern a decrease in
directional hearing in old person. Their ability to identify

very small interaural time differences deteriorates.

In short, the loss of hearing in old age affects high-
frequency sensitivity, resulting I n deterioration of
consonant intelligibility (phonemc regression), dimnished
ability to conpensat e for di scrim nation | oss by
i nterpolation and conbi nati on on the semantic sentence pl ane,
decrease in cerebral processing of speech and other acoustic
patterns, decrease in pitch and volune discrimnation as well
as speech discrimnation ability in noisy situations, genera
decreased ability to conpensate centrally for a peripheral
hearing | oss, and decreased visual acuity resulting in
dimnished ability to use visual cues from lip and facial

movenent s and gestures.

The general adjustnent problens facing the elderly are
conplicated by both general physical illness and |oss of

hearing or vision.
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Anderson et al (1968) noted that nore than 70% of the
patients over 65 years of age who were admtted for
psychotic or nmal adaptive behaviour exhibited either obvious
hearing inpairment or difficulty 1in conprehension of

conversati on.

Hearing problem places the elderly at risk of
unnecessary communi cati on difficulties and sensory
deprivation. Hearing loss can lead to problens wth social
I solation either from the inpatience or msunderstandi ng of

those trying to communi cate with them

The anxiety, fear and anger due to hearing inpairnent

generates greater enotional distress.

Hearing i npairnent hanper s one's communi cative
efficiency and undermnes an individual's ability to foster
and maintain interpersonal relations. Self-reports of hearing
handi cap by hearing inpaired individuals have reveal ed that
hearing inpairnment cuts them off from the environnent in
whi ch they were once actively involved. Hearing inpairnent in
elderly individuals triggers a <chain of psychol ogical
reactions (Hull, 1978, Maurer and Rupp, 1979). Accordingto
Hul I, the cycle begins with a sense of frustration grow ng
out of a decreased capacity for interaction and comunicative

ef fecti veness.
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The neasured loss of hearing sensitivity does not
reflect conpletely the extent of handicap inposed by a
hearing i npai rment (ASHA, 1981).

Reduced perceptual abilities in audition (and other
senses as well) are nore likely due to problens in centra
processing, than to sense organ changes (Forzard and Thomas,
1975) .

The general consensus is that central factors
predomnate and are related to decreased cell count in the
temporal |obes, an increased tine for information processing
in the brain and possibly an increase in synaptic delays on
the central auditory pathways.

Presbycusis is broadly defined as an age-rel ated decline
in auditory function. This decline enconpasses both the
effects of true cellular aging on the auditory and centra
nervous system and the cunulative effects of other factors
such as acoustic trauma, cardiovascul ar di seases and ototoxic
medi cat i ons.

In the process of aging, the ear and it's structures
like other parts of the body undergo changes. Many types of
auditory systemdeterioration occur. These include,

1) Loss of hearing sensitivity through chemcal and
mechani cal changes in the inner ear.

2) Breakdown of inner ear structures and

3) Conplex degenerative changes occurring along nerve

pat hways |eading to the brain.
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Schuknecht has suggested (1955, 1964) 4 categories of
presbycusi s based on hi st opat hol ogi ¢ and clinical

characteristics.

Sensory presbycusis: Presents wth a bilateral abruptly
sloping high frequency SN hearing | oss. Their speech
discrimnation is related to the frequency involved and is
generally good. Loudness recruitnment is common and hearing

aid prognosis is good.

Hi stol ogy denonstrates progressive degeneration of the
basal portion of the organ of corti. There may be
degeneration and atrophy of sensory and supporting cells with
pri mary danmage beginning at the basal end of the cochlea and
nmovi ng towards the apex. Secondary degeneration involves the

acousti c nerve.

Neural presbycusis: Here patients wusually notice a rapid
hearing | oss and have severe difficulty understandi ng speech.
Their audi ograns denonstrate a noderate, flat pure-tone |oss
wi th disproportionately poor speech discrimnations. Hearing
aid prognosis is not good for this type of pathology. This
condi tions S of ten seen I n persons with severe

aterioscl erosi s.

This is an advanced stage of sensory presbycusis which
involves a greater loss of neurons in the central nervous

system The <cause is a greater (but diffuse) |oss of neural
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cellsinthe spiral ganglion or nerve fibres. There al so appears
to be an angi osclerotic degeneration of epithelial tissues of
the organ of corti and of the basilar nenbrane, resulting in

a loss of elasticity.

Strial/Metabolic Presbycusis: |Is characterized by a famli al
slowy progressive SN hearing loss, flat I oss with good

di scrimnation. Hearing aid prognosis is good.

Hi st ol ogy denonstrates patchy atrophy of the stria vascularis

in the mddl e and apical turns of the cochl ea.

Cochl ear (conductive) presbycuais: denonstrate sl oping high
frequency | oss with conductive conponents and preservati on of
speech discrimnation are found i n these patients. Hearing aid
prognosi s i s good.

It is speculatedthat it is adisorder of notion of the mechani cs
of the cochlear duct caused by a stiffening or calcification
of the basilar menbrane whi ch woul d be consistent with a | oss
of elasticity and increase of the internal frictions in the
basi | ar nenbr ane.

Soucek, M chaels and Frohlich (1987) studied

pat hol ogi cal changes in the organ of corti in presbycusis by
m croslicing and staining. A marked | oss of outer and a mld
| oss of inner haircells was present in the elderly subjects.
Conpl ete atrophy of variable | engths of the termn nal basal coil

cells was also noted in all elderly cochleas. G ant
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sterociliary degeneration takes place in hair cells (except

basal coil outer hair cells) before they disappear.

The loss of neurons throughout the entire central
nervous system has been shown to begin early and to conti nue
t hroughout life. This |loss of neurons become vigorous in old
age. Brody (1955), Neff (1947) reported that the partial
section of the auditory nerve in man results in a high
frequency hearing |oss. VWhereas Schuknecht and Welliner
(1953) and Citron et al (1963) found a normal threshold for

pure tones despite severe degeneration of the cochl ear nerve.

Crowe et al (1934) and Hansen and Reske Neilsen (1965)
reported only slight degeneration in the peripheral part of
the auditory nerve, but severe vascular alterations in the
internal auditory neatus (lIAM. Covell and Rogus (1957) and
Scrcer (1958) report a narrowng of the openings of
the tractus spiralis foram nosus by hyperostotic deposits.
They would exert a continuous pressure and thus cause an
atrophy of the acoustic nerve fibres, resulting in pure

"i deopat hi ¢ presbycusis".

Kirkae, Sato and Shitara (1964) found atrophy of neural
structure in the ventral cochlear nuclei, the superior
olivary conmplex (SOC), the lateral Ilemnicus, the inferior
colliculus and nedial geniculate body and in the auditory
cortex itself. Hansen and Reske - Neilsen (1965) found severe

degeneration in the glial part of the acoustic nerve as well
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as in the white matter of the brainstem and in the hearing

centers.

Ceriatric patients are also vulnerable to otosclerosis
(Farrior, 1963).

Some conductive pathology is present in aged (Qorig and
Davis, 1964).

Rosen Wasser (1964) studied structural changes in aged
ears as ossicular atrophy particularly in the crura of the
stapes, ossification of the incudonmalleolar joint wth
calcification of the articular cartilage, degeneration and
atrophy of the mddle ear muscles, a thin and transl ucent

tynpani ¢ menbrane and atrophy and thinning of the skin that

lines the external auditory neatus together wth |oss of

el astic tissue el enents.

Various findings are summarized in following table

(adapted from Saucek et al 1986).
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| nvestigator Hg. Tech. No. No. Age Findings in coch/
Loss used Pt. ears yrs. brainstem

Gui | d, H gh Ser- 3 5 60-64 Loss of s.g.c.

Crowe et al tone ial inb.c.

i - - 100 2 50-90 Loss of s.g.c.
gogaigﬁaq%%7 ??%n Artorioscl F 0si s
Schuknecht H gh Ser- Loss of hair and
1955 tone i al supporting ceils

Sec_ In b C.
tion
Schuknecht Flat Ser-- 4 8 76 Partial atrophy
1964 curve ial of stria in
Sec- apical 1/2
tion
Fl ei scher - - 100 ? Loss of s.g.c.
1956
Scrcer and Unde- F%Rfrostosis in
Kr mpot i ck cal I
1958 Sec-
tion
Br edber g H gh Sur- ?5 2?10 70-100 Loss of hair
1965 & ow face cells inb.c.
tone Prep mC. & a.c.
Hansen & Hi gh Sec- 12 24 >80 Loss of s.g.c.
Reske & ow tion in b.c.degenera=
Nei | son 1965 tone tion of Villth
nerve & brain
Johnson & Sur- 150 2 ?  Halrcell Ioss
Hawkins 1972 Lace Loss of vessel
rep in spira
| i gament
Suga & SN ser- 17 34 >65
: : Loss of s.g.c.
Li ndsay 1976 ;gﬂ_ Loss of hair
tion cells. Strial
at r ophy
Arnesen SN ??%h 6 12 76-89 50%l oss of
neurons in coch.
nucl ei
s.g.c. = Spiral ganglion ¢q||s
0.C. = Basal coil
mc = Mddle coil; a.c. = Apical coi
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Hool pe (1960) reports that it is difficult to accept the
aging factor alone as the full culprit in the hearing
problem There is a multiplicity of causes of hearing |oss.
Fow er's (1959) partial list of such factors includes severe
strain, fright, grief, frustrations, poi sonous drugs,
antibiotics, overexertion, bacterial and viral infections,
electric shock, netabolic disorders, pregnancy, vitamn
deficiency, exposure to cold, allergies and thronboses al ong

with acoustic, psychic and other traunas.

The agi ng person may have hearing | oss frompresbycusis,
noi se induced hearing loss (N HL), and chronic mddl e ear

di sorder (Surjan, Devald and Palfal, I, 1973).

Presbycusic defect seen in many cases is gradually
sloping, gradually progressive, high frequency sensorineural
hearing | oss. The loss increases gradually at first and then
accel erates nore rapidly with increasing ages, especially for
the higher frequencies (Berger et al, 1977; Corso, 1963;
Spoor, 1967) and is bilateral symetrical (Dayal, Kane and
Mendel sohn.  1971; Kotz and Kilbane, 1962; Sataloff and
Menduke, 1957). But not all presbyscusic hearing |osses
follow the typical audionetric configuration. Dayal et al
(1971) reported 31% incidence of flat audi onetric

configurations.

Carhart  (1958) describe "Bernero Efect” and he

suggested that reduced bone conduction response at 500Hz is
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nor e likely a reflection of central auditory dysfunction.
Adorig and Davis (1961) described a high frequency air-bone
gap that they ascribed to an age-related increase in
stiffness of the cochlear partition. The air-bone gap was in
evi dence at 4000Hz and increased from|0dB at 50 years of age
group to 40db by 80 years of age group. Ni xon, dorig and
Hi gh (1962) found air-bone gap at 4000Hz only and it was not
due to noise exposure and suggested that the conductive
conponent was related to pathol ogic changes in the connective

ti ssue of m ddl e ear.

Several auditory manifestations are seen clearly in pure
tone audionetry, speech audionetry, inpedance audionetry,
brai nstem evoked response audionetry and so on. Several

findings regarding all these tests are sunmarized in Table-1I.
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EVOKED RESPONSES

Conpared to developnental studies done on infants,

literature on stud: es done on adults is limted.

It was only in |late seventies when Beagl ey and Shel dr ake
(1978) neasured brain stem evoked potentials 1in response to
clicks at 60dB, 70dB and 80dB from a group of 70 normally
hearing subjects, who were divided into second to eight
decades having 10 subjects. (5Mt5F) for each of the decades.
Results indicated only a mniml increase in |atency of wave
V as a function age and females had shorter |atencies than

mal es i n nbst cases.

On the other hand Rowe (1978), took 25 young (nean age
25.1 years and range 17-33 years) and 25 old (nean age 61.7
years, range 51-74 years) and recorded ABR to 60dB HL sti nul
at rate 10/sec and 30/sec and at 30dB HL at 30/sec rate.
Have Il and IV were found to be absent from one or both
sides. He found a difference between neans of 0.2 nsec for
wave |, 0.44 nmsec for wave |I1l, and 0.36 nsec for wave V, old
subj ects showi ng |onger |atencies than young ones.

Haves 11l and V were the npbst constant and reproducible
peaks were seen-in all subjects at 60dB. At 30dB wave |1l was

absent in 16% and wave V in 3%

Have |1 for 30dB, 30/sec rate showed relatively

decreased |l atency conpared to 60dB, 30/sec trials in the old
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subjects. but only suggestively changes in the young
subj ect s.

They have given one tailed 95% and 99% confidence
intervals for conduction tines for 60dB stimulation at both
10/sec and 30/sec with suitable correction factors to be

added when used in ol der subjects.

Limtation of this study is that his procedure for
selecting the subjects did not rule out the possibility, and
participation of subjects with high frequency hearing | oss.
Subj ects were not matched for gender and hearing | oss, there
is no information regarding ear difference. Presentation

| evel was not at equal SL.

Rosenhaner et al (1980) found significant difference of
all peak |atencies between young and old fenales, but not
between young and old nmales. He found no significant |atency
difference between males and fenal es anong the ol d subjects.
They reported shorter latencies in young fenales (below 50
years) conpared to young males. It was not significant above

t he age of 50.

Thonson et al (1978) studied the better ear in Meniere's
patients and found that age has sone influence, with |atency

(of wave V) increasing approximately 0. 1lnsec/ decade.

Thorasen et al (1978), Jerger and Ball (1980) have found

significant latency difference for peak V, between young and



34

old individuals whereas Johnson and Lehn found this
difference for peaks Ill, IV, Vand VII.

Prol ongation of latency of wave | upto 0.1-0.2 nsec and
of wave V upto 0.2 nsec was seen with increasing age. For
wave |Il there was a slight but significant difference
between the age groups (25-34 years) and (55-75years)
(Rosenhal I, Bjorkman, Pederson and Kall 1985).

d der patients have a slight high frequency hearing | oss
and deviate from the younger individuals which causes age

rel ated BAEP changes (Stockard and Stockard, 1983).

But is not supported by the observation (Rosenhall et
al) in younger individuals slight high frequency | oss doesnot

have any influence on the peak | atencies.

In old individual s increased stiffness in the mddle ear
can induce a slight conduction hearing loss (Qiad and
dorlg, 1979). A conbination of high frequency SN heari ng
| oss and conductive hearing |oss, mght explain the |onger

peak | atencies observed in elderly individuals.

Rosenhal | et al (1985) reported no difference in the

| at ency between fenmal es and nal es.

Debruyne (1986) reported a greater |atency prolongation
when the stinmulus rate was increased. He found no statistical

correlation between the scores on the synthetic sentence
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I dentification task and prol onged | atency of wave V in the

ABR in old groups. So they seen to be the result of two

| ndependent processes.

Von Wdel (1979) studi eddifferenceinABRw t hageand
sex. The Percentage difference between young and ol d obj ect
showed a decreasing wave occurrence with grow ng age. At
hi gher intensity levels the difference between the age groups
show conparable results as obtained for 30dB HL. They found
wel | established fourth wave (IV wave) conplex as a dom nant
wave. The possibility of the absence of the IInd, Illrd, and
Vth wave conplexes increased with age. For the Ist wave
conplex there was growing wave latency with age. This was
true for 1Vth wave conpl ex al so.

Jerger and Hall (1980) exam ned anplitude and | atencies
of ABE waveform as function of chronological age (20-
79years).

In the nornmal group, latency increased as a function of
age for both sexes. The average latency in the ol dest group
was 0.2nsec. Longer than the average |atency in youngest
group Conbining all age groups, the average |atency for nale
subjects was 0.14 nsec greater than the latency for fenale
subj ect s.

In the SN group, latency showed little change as a

function of the age. For nale subjects, the average |atency
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in the older group was only O0.10nsec |onger than the average
| atency in the younger group. For female subjects, there was

no consi stent change in latency as a function of age.

The latencies of the waves I, 11l and V as well as /P/
(interpeak interval) I1.-V and I11-V were significantly shorter
in Fthan in M A correlative |inear dependence on age could
be shown for the Ilatencies of wave I, IIl and V in Mand
for the wave V latency in F (Stuzebecher and Herbs, 1987).
They hypothesized that age and sex dependence is not caused
by different mechani snms. The ABR | atency difference between M
and F are in the main the result of the ABR age-dependence

bei ng | ess pronounced in fenmales than in mal es.

Presbycusis is likely to be one cause of the age
dependence of ABR. It is the result of sensory and neura
degeneration on the auditory pathway, which begins in early
chi |l dhood (Johnsson and Hawki ns, 1972). Presbycusis increases
with age and in nore pronounced in nmales (1SO 7029, 1984).
The age and sex dependence of ABR latencies and IPl parallels
the presbycusis and one can assune a close relation between

the two phenonena (Stuzebecher and Werbs, 1987).

Jerger and Johnson (1988) studied the interactive
effects of gender, age and degree of SN hearing loss in 412
subjects. Cick test level was selected on the basis of PTA2
wave V latency increased systematically as high frequency

hearing l|oss increased. Wave V |atency showed little change
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with degree of hearing | oss upto the 50 to 60dB regi on. Above
this, 1t increased in linear fashion with further increase in

heari ng | oss.

Fermal es showed shorter latencies than nmales and little
change in wave V latency with increasing hearing loss. In
elderly group the gender difference in the absolute |atency
of wave V was not apparent at high click | evels, however, as

effective click level decreased, latency increased for nales

but not for femal es.

They suggested 3 factors as possible bases for the
overal|l gender effect on ABR latencies, differences in head
and brain size, difference in whole body tenperature and

difference in hornonal m| eau.

aQto and M Candless (1982) evaluated 30 elderly
subj ects, 30 young subjects with conparable SN hearing | osses

and 30 normal |y hearing subjects.

The groups with high frequency hearing |oss produced

waveforns that differed fromnormal responses.

B derly subjects had slightly longer [|atencies when

conpared to young hearing inpaired subjects.

Wen advanced age and high frequency hearing |oss

interact, high frequency loss found to be greater factor in

nor phol ogi cal and | atency changes.
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This study lacks external validity, as the sanple size
is limted. Details regarding statistical analysis are not

ment i oned.

Soucek and Mason (1987) studied hearing in the elderly
usi ng ECOG and ABR

There was no significant delay in brainstemconduction
times for the elderly, indicating normal transm ssions

t hrough the brai nstem

EQOG showed | ower levels of the activity in cochl ea and
probably the contributing factor they thought was the reduced
nyelinations of the nerve tracts which is a feature of

advanced age.

Spivak and Malinoff (1990) denonstrated spectral
differences in the ABRs of old and young subjects. 80
subjects were divided equally into 4 groups. Goup A 18- 35;
group B, 55-64; Goup C, 65-74; and group D, 75-80.

On  spectral anal ysi s, 3 nmajor energy peaks at
approxi mately 200, 500, and SOOHz were seen. , Conposite
spectral profile suggested increase in |ow frequency energy
concentration as a function of increasing age (spectra
profile measurenent of the anplitude of spectral conponents
at I0OHz intervals). The anplitude of the |ow frequency
spectral conponent was significantly longer in the ol der age

group than in the younger group. Significant differences were
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not found in between A Vs B or CVs D but between AVs Cor D
and B Vs D

Under |l yi ng sources of the excessive amunts of noise and
consequently the poor norphology of ABRs from old subjects
may be related to general change in physiological processes
related to aging (Spivak and Malinoff, 1990). They suggest
nodi fi cati on of recording paranmeters when ABRs are recorded
from ol der patients. This can be done through optimzing SN
ratio through signal averaging, to use greater nunber of
sweeps. Second approach is analog or digital filtering during

response acqui sition.

The time fromwave | to IIl and therefore froml to V,
increased slightly with increased frequency of stimnulation
and increased age. The tinme fromIll to V and V to VIl was
unaffected by change in stinulus condition or age (Rowe,

1978) .

Rosenhanmer et al (1980) reported gender related I1-V |IPL
differences in young individuals which dimnished wth

i ncreasi ng age and was not observable in the old age group.

There is a significant correlation between age and
interpeak latency (IPL) [I-V in nales (Maurizi et al 1982).
But, Rosenhall et al (1985) and Rosenhanmer et al (1980) on
the other hand could not show any age dependence of the [Pl

|-V The constancy of this paraneter indicates that the
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neural function of the auditory pathway in the brainstemis
not affected to a neasurable degree in old individuals with

nor mal heari ng.

Chu (1985) showed a small increase with age in the IPI
[11-V and |-V, whereas Allison et al(1983) denonstrated a

significant increase with age in the IPl I-11l and |-V

Kjaer (1980) found a pronounced increase of IPLs with
increasing age for males, while the IPLs of ol der wonen were

only slightly longer than those of younger wonen.

Mean interpeak |atencies for elderly and young hearing
inpaired subjects were wthin 0. 1lnsec, except for the
di fference between |eft ears between waves | and IIl. This

suggests that age differences as the whole are quite small.

Al though it is popular that anplitude of ABR is much
nore variable wthin subjects than latency, and clinical
application is limted, many significant consistent age

rel ated changes have been reported.

Psatta and Matei (1988) studied age-dependent anplitude
vari ations of BSAEPs. Results show conponents |-V undergo a
significant variation in anplitude with age over a life tine
(I -70years). Al the brain stem auditory evoked potenti al
conponents (except-1) increased markedly in anplitude between
1 and 10 years. There after a progressive decrease was shown

by the mjority of conponents (1-V) between the ages of 10
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and 50 years. Conponents VI and M| had snaller anplitude
change with age. Wave VIl being stable between 10 and 70
years at a stimulation of 80 dBHL. The anplitude difference
between initial (I-11) and subsequent BAEP conponents (II11-V)
was greater in old age due to an unequal reduction (greater
reduction of initial conponents). At 10 and 30 years, wave
Il is also normally larger in anplitude than the wave
conplex IV-V. Slowing of anplitude changes occurred in old
age which may be related to physical factors influencing
vol ume conduction during old age. Theoretically, the
difficulties in audition of presbycusis, particularly in the
hi gh frequency domain (4-8KHz), to which the click stimul

bel ong, would suggest a greater dimnution of anplitude at

this age.

Anplitude ratios between conponents V and | at different
ages show subunitary ratio at 1 year and it increases

progressively upto 2.6 at the age of 70.

BAEP anplitude is also a controllable paraneters. The
use of standard anplitude values of the IV-V conplex is
superior to the anplitude ratio between conponent V and | as

rati o depends strongly upon age (Psatta and Matei, 1988).

Beagley and Sheldrake (1978) gave two possible
explanations for dimnution of anplitude with age, until in

t he 8th decade.
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1) Lack of synchrony between individual responses follow ng
i ndividual click stimuli. The nean |atency of wave V from
trial to trial and subject to subject did not show very
great changes, so it is necessary to postulate a greater
scatter or individual response latency and thus poor

synchrony with increasing age.

2) Increased tissue inpedance may have played a part in the

di m nution of anmplitude noticed in the ol der subjects.

Wher eas, Von Wedel (1979) stated that anplitude val ues

show no significant age dependency.

In the normal group, wave V anplitude for fenales
subj ects showed a very slight decrease (0.025 uv) from the
youngest to oldest age groups. For nmale subjects the
anplitude decrease was twice as great (0.050 uv) fromthe

youngest to the ol dest age groups.

Female anplitude exceeded nmle anplitude by anounts
ranging from 0.080 uv in the youngest group to 0.120 uv in
t he ol dest group.

In the SN group, there was a slightly greater age effect
on wave V anplitude for fenmales, anplitude decreased by about
0.050 uv. For nales,- anplitude decreased by about 0.020 uv
(Jerger and Hall, 1980).

Soucek and Mason (1987) found a significant reduction of
anplitude for all conponent of the ABR in the elderly subject

when conpared to controls.
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Wave replicability deteriorate with age (Rosenhaner,

Li ndstroa and Lundborg, 1980).

The recognizability was the same upto 45yrs, in ol der
i ndividuals waves Il and -IV were nore difficult to identify
(Rosenhall et al, 1885). Kaer (1980) reported better

recogni zability for waves Il and IV
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CONCLUSI ON

It is apparent that nost of the studies show significant
difference in auditory brainstem responses in older
individuals as conpared to youngers. But controversies are
still prevailing. It is a fact that ABR are affected by many
vari abl es due to changes in stinulus and recording paraneters
as well as criteria adopted to select subjects. Aso it is
very difficult to control factor such as noise exposure

presbycusis and other silent diseases in older individuals.

Wiile recording and anal ysing ABB of ol der individuals
one should bear in mnd the normal variations and as
suggested by Spivak and Maniloff (1990), it is nandatory to
nodify recording parameters through optimzing SN ratio
t hrough signal averaging to use greater nunber of sweeps and

analog or digital filtering during response acquisitions.
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