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| NTRODUCTI ON

Auditory brain-stemresponse technique has emerged as a
vital adjunct to the clinical armamentaria* of the Audiologists
Ot ol ogi sts and Neurol ogists, who jointly determne hearing sen-
sitivity, lesion site and Central Nervous Systemintegrity,

Pat hol ogy and Maturation,

Study of the spontaneous activity of the brain has a |ong
history and a wel| established place in clinical nmedicine, and
so does brain electrical activity, which is brought about by an

experimenter/clinician (and hence "evoked").

BSER applications in audiologic - otologic disorders and
site of lesion testing have shown that the responses are wel
suited for the detection of hearing abnormalities (Shaia and Al bright
1980). They became popular in clinical audiology because of re-
produci bility, ease of admnistration, lowinter and intra subject
variability and accuracy in estimating hearing sensitivity.

Recent application of BSER has been its use in neurol ogica
di seases. Brain-stemlesions cause a selective absence or altera-
tion of one or nore of the response conponents; patients with
brain stemdamge (due to various types of tunours,denyelinating
di seases, dimnished brain-stemcirculation, and even brain
death) show either an absence of certain conponents or prol onged

| atency and reduced anplitude of response conponents.



Assessnent of hearing of children led investigators to
di scover that norns applied to adults were not appropriate for
vari ous devel opnental stages in children. Thisled to a series
of systenatic studies in prenmature infants,full-terminfants, and
preadol escent children. A related applicationis an attenpt to
di scover el ectrophysiologic correlates underlying denyelinating
di seases such as multiple sclerosis (Chiappa, Harrisen, and
Brooks, et. al., 1980). The majority of these investigators
subscribe to the well-known relationship that as the peripheral
and CNS mature) (e.g. as additional nyelinizatlon takes pl ace,
and perhaps as axon di aneter increases), |atency of BSERs tend
to decrease until an adult normis achieved. In addition, the

magni tude of the potentials are observed to increase w th age.

One of the nost frustrating sights during an ERA procedure
Is to watch an averaged response slowy building only to be
suddenly swanped by an artifact. Artifacts may be serious
because they can be unwittingly accepted as true evoked res-
ponses and there are nmany cases in which deaf children have
bean falsely | abelled as hearing. So inportant is the problem
of artifacts that virtually every established worker shoul d

have a nethod of recognizing and rejecting them

Recogni tion of abnornmal results depends on a know edge of
normal el ectrophysi ol ogi cal response characteristics such as
response nor phol ogy, response | atency and Response Anplitude.

The clinician nust also be cognizant of the variability of



normal characteristics between and within subjects) and the

variability due to nonpat hol ogi c factors,

of the stinmul us;

Factors that can bring about variations in nornal

paraneters are:

recordi ng procedures and subjects.

1. Procedure effects

a.
b.

C. fﬁoice of response reference points for
e

d.
e

Position of el ectrodes
The use of filters (Bandw dth)

conput ation of I atency.

D fference in stimulus transducer.

such as the nature

response

Ef f ect of naki ng and/ or anbi ent noi se | evels.

2. Subject effects

a.

©oo T

3. Stinmul

State of the subject (awake, asl eep, sedated or

anaest het i zed)
Effect of the tenperature
Sex di fferences

Ef fect of change in nuscle tone and attention)

Ef fect of age

us paraneters

S T@ooo0 T

Derived response

Intensity

Rate of stinmulus presentation
Stimulus transduction

Pol arity

Bi naural interaction
Tone-onset response

Frequency - follow ng response
Threshol d



At present, there are no studies about detecting the
artifacts fromBSERwaveform This study is intended to
enable the clinician to differentiate the true BSER wavef orm

fromthe one which is being swanped by artifacts.

To detect the true BSER it is essential that the Audio-
| ogi sts should be aware of the artifacts thoroughly, i.e. a
t hor ough knowl edge of the artifacts is a pre-requisite for
the audiologist to arrive at correct interpretation of 3SER
To have a thorough knowl edge of the artifacts, one should have
sufficient data of averaged ongoing activity of the brain (i.e.

w t hout any auditory stimulus).

This study will help the audiologists to detect artifacts

and thus will help ininterpreting the results correctly.

STATEMENT OF THE PROBLEM

The present study was undertaken to find out the artifacts
which interfere with the brai nstem evoked response and thus

create problens in interpreting the results.

Rel ati onshi p between ongoi ng background el ectrical activity

and the brai nstemevoked response was al so studi ed.

This study is designed to answer sone of the questions
regarding the artifacts in BSER

1. Does there exist any rel ationship between Averaged

wavef orm (w thout stinmulus) for 2043 sanples (20 tines/sec,



6 tinmes/sec) and the BSER wavef or n?

2. Does there exist any rel ationship betwen Averaged
wavef orm (wi thout stimulus) for 1024 sanples (20 times/sec,

5 tinmes/sec) and the BSER wavef or n?

3. Does there exist any rel ationshi p between ongoi ng
background el ectrical activity and the BSER i n nornal

heari ng subjects?

This study al so gives informati on about, what percentage
of normal hearing subjects (rmales and feral es) exhibited M
and M| peaks, as this information will be useful in identify-
ing Miltiple sclerosis. In mltiple sclerosis VI and M|

peaks are reported to be absent.

* k%%



REVI EW OF LI TERATURE

Brief reviewof literature about . - EEG BSERA and its
artifacts.

"Qur entire experienced world of consciousness i s,

as ScoPenhauer justly stated, a brain phenonenon,

but the brainitself is a brain phenonenon."

(H Kuhl enbeck in
- The Brai n Paradox)

"The purpose of this section is to glinpse backward when
consi dering contenporary issues such as auditory brain stem
evoked responses. |In order to put the past into proper pers-
pective, several l|lines of historical evidence nust be exam ned.
It started with the discovery of bioelectric potentials in
animals, first described by Galvani, Grca 1791. In 1848,
duBoi s- Reynond publ i shed his semnal papers on the discovery
of negative action potentials in nerves. This was followed in
(1875) by the first published evoked potential recordings by
Caton. Followi ng this, Berger (1929) first recorded brain
electric potentials fromthe human scal p, which cane to be

known as the el ectroencephal ogram or EEG " (More, 19S3).

APPRAI SAL OF ELECTRI C PHENOVENON

The propogat ed di sturbance travelling through nerve fibres
and the transm ssion of that inpulse through synapses and cel
bodi es are acconpani ed by changes in electric potentials. These

el ectrical changes have been of the forenost significance in the



i nvestigation of the nerve conduction; substantial advances
I n the understandi ng of nervous function are based on the
study of action currents, spikes and potential s (Kohl enbeck,
1982) .

Hans Berger (1929) (cited by DuBovy, 1978) discovered a
wave Wi th an average duration of 90ns and a snaller wave with
a duration of 35nms. He called the | arger wave, the al pha wave
and found that the wave underwent |arge variations in patients
who suffered fromepilepsy, multiple sclerosis and ot her diseases
of the CNS. Al pha waves ( 8 to 11 cycle) renain constant in
frequency and have their highest anplitudes in the alert but

rel atively unoccupi ed brain.

Beta waves are associated with activity or states of
tension. They have a frequency of 12 to 18 Hz. Another rhythm
evident is the theta, its frequency ranges from4 to 7 Hz.

It emanates fromthe tenporal and adjacent parietal regions of
the brain, mdway between the front and rear of the head.
Theta dom nates anong two to five year old children, fromsix
up, the theta di mni shes (DuBovy, 1978).

The slow delta waves seen in epileptic seizures were
also seen in normal infants upto age one and in nornal
sl eeping subjects. At the opposite end of the EEG spectrum

gama waves are found to emanate fromthe back of the head.



They occur at randomtines and have been associated wi th vision.
Murhythm found only in a snall percentage of subjects can be
pi cked up fromthe central regions of either side of the head.
Mi waves di sappeared when the subject thought about noving |inbs

on the opposite side of the body (DuBovy, 1978).

The anal ysis of the BEG has proved to be of particular clinica
value in diagnosis and classification of epilepsies and allied con-
vul sive disorders, especially in detecting suspected cases. In
case of brain tumours and other intracranial |esions, |ocalized
irregul ar sl owwaves nmay be recorded. Local areas of depressed
electric activity can occur in case of haenorrhage, henmatona,

or abscess (Kohl enbeck, 1982).

Rel ati onshi p of the Evoked Response to background EEG activity

The evoked response to acoustic stimuli was recorded from
the waking brain by P.A Davis and fromthe sleeping brain by
H Davis et. al., in (1939)cited by Reneau and Hhatio (1975).

Gol dstein et a. (1965) reported that nmale subjects with
a high incidence of alpha rhythmin their background activity
tended to provide a greater proportion of ERG responses than
did subjects with a | owincidence of al pha rhythm when res-

ponses were neasured by inspection.

" Appl eby exam ni ng the average evoked response of in-
fants and Price et al, examning the average evoked response in

subj ects between 10 and 83 years of age, found that the



anpl i tude of the evoked response was reduced with the anplitude
of the ongoing EEG activity and was increased when the anplitude
of the ongoing EEG activity was increased. Response anplitude
was unrel ated to the frequency of the ongoing EEG activity. In
contrast Davis and his coll eagues were unable to discern a rel a-
tionship between anplitude and the subjects EEG background acti -
vity. They found no evidence of conpetition between evoked
vertex response and ongoi ng al pha activity." (Reneaa and Hhato
1975) .

"Vaughan poi nted that evoked responses are usually recorded
froml ocations on the scalp where the anplitude is maximal. In
t hese | ocati ons, know edge of the |evel of the ongoi ng EEG acti -
vity becones relatively | ess inportant. However, if the evoked
response i s not recorded froma | ocation where responses is
maxi mal , know edge of the | evel of the ongoing EEG activity
takes on greater inportance. Vaughan has provided an exanpl e
where the anplitude of the ongoing EEGis 25 W and the anplitude
of the evoked response is 10 M. Such a recording site woul d
provide a signal to noise ratio of 4:1. |If the recording site
is noved to a location where the signal has decayed to one-fourth
its maximal anplitude the signal to noise ratio wll be |:1.
Vaughan recommends using a (1) reference devel oped by Schi mrel
to determne how nmany sanples nust be included in an average
response. This technique is helpful in nmaking an estinate of the
structure and size of the EEG background activity and for making
an estimate of the interaction between the evoked response and

t he EEG background activity."(Renean and Hnatio, 1975).
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Brai n stemevoked responses: According to Buchwal d (1983)

1. BSER reflects graded Post-synaptic potentials rather
than all-or-none action potentials discharged at the
cell sonma or transmtted along the axonal projection.

2. BSER | atency and anplitude nmeasures reflect different
Physi ol ogi ¢ processes whi ch nay interact.

3. BSER waves reflect functionally separable substrate
system

BRAI NSTEM AUDI TCRY NUCLE

Dobi e (1980) reports, the "relay stations" between auditory

nerve and cerebral cortex are, in ascending order.

Cochl ear
Superior olivary conpl ex

Nucl ei of the |ateral |em niscus
Inferior colliculus; and
Medi cal geni cul ate body.

ORrwWNpE

Each of these is actually a group of nuclei wth conpl ex
structure and function. Wthin these nuclei, auditory information

Is anal yzed and passed to notor nucl ei where conmands are issued

that activate acoustic reflexes. 1In addition, binaural inter-
action occurs at all |evels beyond the cochlear nuclei. Aninmals
surgically deprived of auditory cortex can still performrelati-

vely conplex auditory discrimnation tasks (Neff 1961).
BSER CGENERATI ON

Based on data from several species, there is general agree-

nent that the:

1. First vertex positive potentials in the BSER sequence

I s produced by acoustic nerve activity (Cat,Jewett (1970),
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Hashi not o, |shiyam and Yoshi noto, 1981).

2. Data froma variety of different experinents consis-
tently indicate that the cochlear nucl eus contributes to and
Is essential for BSERwave - Il (Buchwal d, Huang 1975).

3. Inviewof the direct and indirect |inks between
MO field potentials and Wave 111, the principal substrate for
wave |1l generation is hypothesized as dendritic post-synaptic

potentials of the MBO (Buchwal d, 1983).

4. Wve |V generation is postulated as PSP activity within

the lateral | emniscus cell popul ation (Buchwal d, 1983).

5. Wave V - Result of lesion studies suggest that the
deep Ventrol ateral portion of the ICis particularly inportant

for wave V generation (Buchwal d, 1983).

5. Wave VI arises fromnedial geniculate body. It is
consi stently ranked hardest to recognize the BSER in a nor nal
popul ation, it is so irregularly present and variable in

waveformthat its clinical useful ness has been guesti oned.
(Chi appa, 4 adstone and Young, 1979).

Wave MI| arises fromauditory radiations (Thal anocortical)

and is also irregularly present.

According to Dobie (1980), responses variable usually

neasured is the | atency of wave V,for several reasons.

1. Wave Vis usually the | argest conponent in BSER
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2. Wve Vis the |least variable conponent of the BSER

trace, fromsubject to subject.

3. Under adverse conditions such as | ow stimlus inten-
sity and high repetition rate, wave V persists while the other

waves becone increasingly indistinct.

4. Latency of any of these waves is far |ess variable

t han response anplitude.

Chi appa et. al (1979) reported possible variations in the

nor phol ogy of the 1V -V conplex for normal adult subjects(Fig.l)

(a) Single conplex with no separation for waves |1V and V.
(b) Separate waves with V of greater height than | V.

(c) Separate waves with IV of greater height than V.

(d) Wave V appearing as an inflection of IV.

(e) Wave |V appearing as an inflection of V.

(f) Separate waves of the sane height.

ARTI FACTS

One of the nost frustrating sights during an ERA procedure
Is to watch an average response slowy building only to be suddenly

swanped by an artifact (Satyan, 1984).

Pant er and Khovl es (1984) report the nost frequent distur-
bances in the determnation of BSER are single or nmultiple | arge
nuscl e potentials, the result of the patients novenents, contraction

of the neck nuscles, nasticating, coughing or swallow ng. Al
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these nuscle potentials are in the frequency range of BSER

(60 to 3 KHz). They are fully anplified in the signal paths.
The consequences of these heavy di sturbances are an apparent
reduction in the anplitudes of the individual waves upto the
full obliteration of ABRat |low stinulus intensities, or a
change in the ABR configuration with sinmulation of waves in

the ABR which do not really exist. Al of these effects

greatly conplicate the identification of the BSER and di m ni shes
its reliability.

I ndi vi dual subjects differ widely in the norphol ogy of
BSER traces. Wave Il and wave IIl nmay be large or small, wave IV
may be larger or snaller than wave V or two nay even bl end toget her
I nperceptibly. At this stage of our know edge, it is extrenely
risky to make inferences concerning pathol ogi cal conditions on

t he basi s of waveform (Dobie 1980).

Vur kek, Wiite and Fong et al (1981) say: Steps nust be
taken to see that electrical artifacts do not obtrude and
obscure the brainstempotentials. The earphone is a very
effective generator of radiated electrostatic and el ectro-
magnetic energy. Since the earspeaker is |ocated relatively
close to the recording site, the energy it radiates is readily
coupled to the recording el ectrodes to create an el ectri cal
artifact. The artifacts waveformwi Il approximate that of the

ear speakers i nput.

Poor el ectrode contact gives rise to high anplitude noi se

pick up, this can be verified by observing the unaveraged
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response trace on the oscilloscope. Eectrical instability
caused by battery potentials generated across the el ectrode
skin interface can create interference which usually manifests as
i ncreased novenent artifact and occasional ly | arge baseli ne sw ngs

even when the patient is still (Coats, 1983).

Anpl i tude val ues are highly susceptible to noise |evel
and nuscle artifact, they are difficult to replicate and can be
i nfl uenced by mner changes in recording technique (Misiek et al
1984) .

Ef f ects of non-random background noi se

According to Coats (1983), if the stimulus rate is an
even multiple of the frequency of the non randomnoi se (e.g. 10/sec
in the presence of 60 Hz hum), the background noi se will"average

out" at a slower rate.

Appr oxi mate frequency ranges of interfering signals

(coats 1983).

Si gnal Qut off points (Hz) wi th 6dB octave
Rol | - of f
Low H gh
10 El ectrodernal responses 0.01 5
2. Hectrode junction potentials
EEG 0( DO 6
3. EEG 0. 05 3D
4. Movenent potentials 0. 05 50
5. 60Hz power |ine hum 60 60
6. Miscle potentials (EM3 10 5 K
7. Stimulus artifact(Square wave) 10 20K
8. Radiated electronagnetic signals 10 20K
9. Internal anplifier noise 0 DC 00



Fig.2 lllustration of the summation and averaging
techniques used for ERA. (adapted from Gibson,
WPR., 1978)
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ARTI FACT REJECTI ON

"Publ i shed reports dealing with artifact rejection in the
determnation of auditory evoked potentials and nost of the Commer-
cial artifact rejection systens are based on the sane criterion
of the EEG signal anplitude exceeding a certain value. They
nerely represent different technical inplenentations. At any
rate priority should be given to those technical solutions whereby
t he EEG sweeps di sturbed according to the criterion are not included

into the averaging." (Panter and Khovl es, 1984).
THE AVERACER

The averaging process is really at the heart of nodern evoked
potential techni ques (Dobie, 1980).

According to(Dobie (1980) potentials recorded fromthe scalp
are a conbi nation of signal and noi se. The noise nmay be so nuch
| arger that the signal is undetectable, but if the electrica
activity is recorded in response to a |large nunber of stimuli and
these traces are added together algebrically, the signal since it
occurs always with the sane | atency, grows in anplitude. The
noi se on the other hand is as often positive as negative at any

point in time after the stimulus and tends to approach zero.

Figure 2 shows an illustration of the summation of

averagi ng techni ques used for electrical response audi onetry.
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The inprovenent in the SN ratio is proportional to N
(nunber of responses averaged) thus to, inprove signal detecta-
bility by tenfold, an N of 100 is required, however to inprove
it by another tenfield, we need N= 10,000. |If the signal is
too small or the noise too | arge, the averagi ng process becones
i npractical (Dobie, 1980).

Satyan (1984) reports, Mathematically the principle under-
| ying the extraction of a signal fromnoise by summating techni-

gquesisasfoll ows-

The response anplitude of a synchroni zed response (A) in-

creases in direct proportion to the nunber of summations (N)
I .e. N

.:i‘i Ag = Ay Ao+ Age . « Ay = N.A, === I
=1

The Noist (B) will add up according to the r.ms. val ues

N —
12_ B 12 = B§+ Bg + B% +~oo.-.B§ = w—"— ------- II
=1

So by conbining |l and I'l, SN ratio nmay be cal culated as
foll ows:
N Ay
;‘L NA
= B ‘/N ’J;T
"PRENE "

The signal -to-noise ratio has therefore been inproved by

the square root of N
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D SPLAY

It isinportant to be able to examne the results of
averaging at the tine of testing and before a pernanent record
Is made. This information is displayed on an oscill oscope, the
advant age bei ng, one can actually see each response buil ding during
averagi ng, often one can spot the sudden baseline fluctuations
whi ch occur whan a large transient artifact contamnates the res-
ponse (Satyan, 1984).

STI MLUS ARTI FACT REJECTI CN

1. Separating the acoustical transducers fromthe subject either
by stimulating in free field (1971) or by connecting the earspeaker

to the patient by a flexible tube (Sohnmer and Pratt, 1976).
2. Shielding the earspeaker (Coats, Martin and Ki dders, 1979).
ELRCTRCDE ARTI FACT

Thornten (1981) noted that it can be resected by using
el ectrode nmaterial nmade of silver. Silver has a | ow contact poten
tial and further inprovenment can be nade by using a fluid col um
el ectrode in which the electrode itself does not touch the skin,
the connection being made by a saline solution or electrode jelly.
Low frequency noi se may be reduced by using a reversible el ectrode

such as silver coated with silver chloride.
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Artifact rejection becones particular inportant near the
auditory threshold, since only wave V of the ABR wave conpl ex
can be traced close to the threshold. It could be shown that
frequent and/or sufficiently large artifacts can both strongly
disturb an existing ABRor even elimnate it, (False negative
results) and also simlate non-existent waves of the ABR (fal se

positive results) (Panters and Khovl es 1984).

The clinical uses of ABR may be divided conveniently

into those attenpting neuro-otological diagnosis (d bson 1978).

As a neans of Neuro-otol ogical diagnosis - the maturation
of the auditory pathway in premature infants and neonates, BER

provi des an interesting

Corr el at e of audi t ory devel oprent : Hecox and Gal anboss
(1974) have described the devel opnent of BER in human subjects
and have shown that how the waveformalters during the first
fewweeks of life. At birth, the latency of the | ater waves
I's progressively nore delayed conpared to the adult BER
and only the third and fifth waves are promnent. Over the
next threes nonths, the | atency of each of the | atter waves
shortens until the waveformresenbles that of an adult and
gradual | y the ot her waves of the response becone nore

prom nent .
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A bson (1978) reports: BSER offers two clinical services

f or neonat es.

1. Ofer a reliable screening test for auditory acuity which

is harmess to apply.

2. Can be used to assess the maturity of the infants. The future
should bring reports of BERin various abnormalities such as hyper-

bi |'irubi naem a, Mngolism gargoyliametc.

Miltiple Sclerosis: It is a fairly common di sorder affecting
mai nly young adults. Patchy pl agues of denyelination occur in the
white matter of the brain and spinal cord and |lead to a variety of

neur ol ogi cal signs (A bson, 1978).

Robi nson and Rudge (1975) interpreted thirty patients with
multiple sclerosis. Several patients had internucl eas opt hal no-
pl egi a, but none revealed any hearing | oss. Twenty-two of the group
of 30 patients showed an abnornal delay of the |ater waves of the
BER, Robinson and Rudge (1977) believe that pairs of click stimili
5 das apart, presented at a fast repetition rate stress the auditory
systemand nake the abnormality of the V wave narked in multiple

scl erosi s.

A bson (1978) found in a snall series of 12 patients that
often the V response follows the response by a | atency gap of
nore than 5 nsec. The centralateral-ipsilateral recordings may

show obvi ous di fferences, when conpared wi th normal subjects.
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Ei gth Nerve Tunours: Four different BER findi ngs have been

reported that occur in patients with eighth nerve tunours:

1. Loss of BER wave formfollowing N I:

Selters and Brackmann (1977) have investigated a series of
100 patients clinically suspected of retrocochl ear disorders and
subsequent investigation showed that 36 had acoustic neuroma, 10
had ot her retrocochl ear tumours and 44 were runour free. These
authors reported that 46%of the tunour group gave pporly devel oped

BER waveforns and the N V was unrecogni zabl e.

2. Latency delay of NV

Selters and Brackmann (1977) noted that 54%of the tunour
patients in their series had a recordable NV wave on stinulating
the affected ear but this wave often showed a | atency del ay when
conpared with the NV produced on stinmulating the normal ear.

A latency delay of over 0.2 ns was believed to be significant

I f there was an auditory threshold difference of 0-50dB, 0.3 ns with
a difference of 50-66 dB and 0.4 nms with a difference of over 65 dB.
Using these criteria) 96 percent of tunours patients were success-
fully identified and 12 percent of false positive diagnosis were

r eached.

3. Dfferences between ipsilateral and contral ateral recordings:

Thornton (1974) showed an abnornality of the first wave,

when recorded fromthe ipsilateral side of the head using binaural
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stimul ation and suggested that careful exam nation of the traces
maght indicate that the stimulus entering only fromthe nor nal
contralateral ear was travelling unhindered up the brainstem
He postul ated that by conparing the recordi ngs using bilateral
and nonaural stinulation, it may be possible further to | ocalize

the site of dysfunction.

4. Latency del ay between the Third and Fifth peaks:

Selters and Brackmann(1977) neasured the tine el apsing
between the N 1I1l and N V peak and found significant del ays
only in those patients with large (over 3 cmdi aneter) tunours.

This may prove to be a useful neans of predicting tunour size.

It may be concluded that BER shows promse in the early

detection of eighth Nerve Tunours.

M D BRAIN TUMOURS

Starr and Achor(1975) and Starr and Ham | ton (1976)
reported BER findings in patients with various mdbrain
tumours. They found that the BER waveformcoul d usual |y be
identified to the level of the site of dysfunction, for instance
wi th tunmours above the superior olivary conplex |, Il and Il

were identified but 1V and V were absent.

OTHER CENTRAL LESI ONS

Thronton (1974) reports a fascinating case of a diver

who suffered 'the staggers' a vestibular formof deconpression
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si ckness during a deep dive using oxygen/heliummxture. The
bubbl es rel eased fromthe blood are thought to cause m crol ssions
within the brainstem Wen first tested, BER showed an abnor -

mal ly snmall N 3 response and an absence of sixth wave. e year

| atter his BER appeared to be within normal Iimts.
COVATCSED PATI ENTS

Starr and Achor (1975) perforned BER i nvestigations on
37 comatosed patients, BER was not altered in respect of |atency |,

in any of the conditions.

BRAIN DEATH

Starr and Achor (1975) have used BER to assess brain death
in 20 cases. They found that typically only first wave was

obt ai nabl e.

As a nmeasure of auditory acuity: This test measures the threshold

of the auditory response at the level of the inferior colliculus
and higher |esions may upset hearing wthout being detected by
BER net hods. Neverthel ess, BER indicates the hearing threshold

inthe vast majority of cases (G bson, 1973).

The first wave to a click or high frequency tone pip is an
excel l ent audionetric indicator. Davis and Hrsch (1973) report

that the threshold of detectability is usually at or bel ow | OdBSL.
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Patients with cochlear |esions often show an abnornmal |y
rapid change in both intensity/latency function and intensity/

anpl i tude function which nmay be related to recruitnent.

Yanada (1975) cited by G bson, 1978, shows how ei ght
patients with a conductive hearing | oss coul d be distingui shed
fromnormal subjects by the intensity/latency function of the

fifth wave.

BSER proves useful in evaluating patients w th suspected
functional hearing | osses. The use of BSER in nonitoring
brai nstem function in neurosurgical procedures or even in
obstetrics, can be envisioned. The state of the art wll be

surely, very different a fewyears fromnow. (Dobie, 1980).

***
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METHODALGGY

1. SUBJECTS

Fourteen normal hearing (7 males and 7 fenal es) subjects
with the age range of 18 to 22 years (mean age 19.9 yrs) seven
mal es with mean age 19.8 years and seven fenales with nmean age
19.9 years were selected for this study. Al the subjects had
normal hearing (< 15 dB HTL ANSI 1969). The subjects were

selected on the following criteria:

1. They should not have had any history of chronic ear
di scharge, tinnitus, giddiness, earache or any ot her
ot ol ogi cal conpl ai nts.

2. They should be able to relax and feel confortable
wi th el ectrodes on, within 10-15 mnutes after
t hei r pl acenent.

3. They should not have had any history of epilepsy or
ot her neurol ogi cal conpl ai nts.

4. Their el ectrophysiol ogical input should cone bel ow
500 mcrovolts within 10-15 mnutes after el ectrode
pl acenent .

1. EQU PMENT

The equi pnent used was, electric Response Audionetry,
nmodel TA - 1000.

Brief Description of the instrunent

The TA-1000 systemconsists of the SLZ 9793, desk-top consol e
the SLZ 9794 preanplifier and an accessory group.
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The SLZ 9793 console contains all of the operating controls,
I ndi cators and read-outs for the system It provides the patients
an auditory stinmulus and accepts patients electrical responses
fromthe preanplifier. Signal conditioning and digital averagi ng
extract the patients BSER responses fromthe background noi se.
Gsci | | ographi c di splay and ink-on-papar recording provide an on-

going nonitor as well as permanent record of responses.

The SLZ 9794 preanplifier is an isolated ERG preanplifier with
frequency response and gain specifically designed for ERA Patients
electrical response is sensed by a set of three el ectrodes and
after anplification, is conducted to the consol e by an interconnect-

I ng cabl e.
Accessory group used was : -

1. A binaural air-conduction head set with cord set.

2. Inter connecting cables, chart paper and pens.

3. Sets of electrodes, electrolyte gel and el ectrode
adhesi ve pad was substituted by Johnsonpl ast,

OCONTRCLS AND THEI R FUNCTI ON

The TA-1000 is operated with only (I) four knobs and
(2) nine push button switches. Al knobs are clearly nmarked

to indicate their function.

1. Four knobs

The stimulus function switch permts selection of 2 KHz

4 KHz or 6 KHz acoustic |log on stimulus equival ent frequences.
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at repetition rate of 3 or 20 stimuli per second and pati ent
response intervals of 10 ns or 20 ns imredi ately foll ow ng the

acoustic logon stimulus.

2. The stimulus attenuator establishes the presentation | evel,

permts selection of acoustic |ogon stimulus fromO to +100 dB HL.

3. The scale function switch permts selection of systemsensitivity
and nunber of averaged response sanples. For 1024 sanples, 0.5 MW,
1 MY, 2 Wand5 M/division sensitivities are available. For

2048 sanples 0.2 W, 0.5 W, 1 W and 2 M/ division sensitivities
are avail able. For 4096 sanmples, 0.1 M, 0.2 MY, 0.5 W and

1 M/division sensitivities are avail abl e.

4. TA-1000 has a calibrated | atency cursor, whieh appears on the
oscil | oscope trace as a function of |atency control. The |atency
of a particular peak can be obtained by noving the cursor to the

desired peak. Readout of latency is in mlliseconds.

(2) Push Button Switches

1. Power switch energizes the systemand indicate the system

st at us.
2. Scope switch controls the oscill oscope displ ay.

3. dear Push-button clears the mcro-processor averages
nmenory, resets the sanple display counter and corrects the mcro-

processor operating node to correspond to the current control status.
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4, Start/stop push button initiates the m croprocessor
average function. The average function is automatically ter-
m nat ed when the selected nunber of sanples has accumul ated, or
when any averager menory channel is full; autonatic term nation

requires a clear, to permt restart.
5. Record Push-button initiates the plotter readout.

6. Mask Push-button applies broad-band noi se nasking to
the contralateral ear only when either Air left or Air R ght

stinmulus is active.
7. Air Left applies the stimulus to the desired earphone.
8. Alr Rght applies the stimulus to the desired earphone.

9. Bone, Push-button applies the stimulus to the bone-

vi brat or transducers.

Besi des these, there is (1) Paper advancer thunb wheel,
when rotated downward advances the plotter chart paper.
(2) The limt indicator, in the sanples window, will/briefly/light
to indicate the presence of excess input to the system
(3) The TWH RUN EEG switch should be in RUN for normal operation.
When in the TWF position, after a CLEAR the oscill oscope w |l
di splay a characteristic test waveformto confirmoscill oscope
operation. |In the EEG position after a CLEAR the oscill oscope
wi || display the ongoing EEG activity, the raw signal fromwhich

t he averaged response is desired.
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I'11. TEST ENVI RONMVENT

The experinent was carried out in sound treated room at
t he Audi ol ogy Departnent, Al India Institute of Speech and
Heari ng, Mysore.

(a) Power source: The main A.C. current was cannalized to
|.T.L. Mdel SVS-200L Stabilizer with input 170-270 volts and
out put of 230 volts, this was stepped down by Kardio S. No, 101
to 110 volts which is the requirenent of the instrunent to

function properly.

(b) Location of the instrument: The instrunent was pl aced

inside a larger sound treated room

(i) Humdity was neither too high or lowto the point
where either the subject or clinician were un-
confortabl e.

(i) It was away fromnoi sy drafty or excessive
vi bration area.

(iii) Away fromhigh brightness areas, curtains were drawn
to control direct sunlight in the room

V. PROCEDURE

Prior to every test the stabilizer output was checked
to ensure a constant voltage of 200 volts. The chart papers
in the plotter was al so checked for its proper position. The

t ubul ar penhol der was uncapped.
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I nstructions: The subjects were instructed to lie in rel axed

recunbent position on an examnation table which was covered by

a cushion bed and a pillow. Subjects were briefed with the infor-
mation that the el ectrodes would be placed and then earphones
fromwhi ch he could hear click |like sounds. The subjects were

not sedated. They were told to be in a relaxed state and t hen

they could go to sleep.

El ectrodes: They were checked with a gentle tug on both

both ends. They were cleaned with cotton soaked in rectified

spirit (electrodes are of solid sterling silver).

Cotton soaked in rectified spirit was briskly rubbed on
the skin areas where the el ectrodes were to be placed, til
pi nki sh col our indicative of increased vascularity appeared.

This was then wiped with dry cotton.

Sufficient quantity of electrolyte gel was placed on the
electrodes to fill the recess in the electrodes to the "slightly
rounded condition and to get applied to the skin. HE ectrodes
were placed on the previously cleaned areas, pressing slightly.
The excess of paste which oozed out fromthe el ectrode hol es
and sides was cleaned with dry cotton. Then Johnson adhesive
paste was used to hold the electrodes into firmcontact all

ar ound.
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El ectrode placenent was as fol | ows:
Red: (+) signal,to high forehead.
Wiite: (-) reference, at right nastoid of the test ear.

Bl ack: ground, at left nastoid of the nontest ear.

Each el ectrode was plugged into the correspondi ngly
coloured receptacle on the patient electrode cable fromthe

preanplifier.

Preanplifier was positioned in a convenient |ocation and
was plugged with the 3-pin patient electrode cable, plug into
the corresponding preanplifier receptacle (they have a bl ue

col our code).

Preanplifier and the ERA were interconnected by neans of the

cabl e and receptacl es which are colour coded (yel |l ow).

Headphones were pl aced and the headset was positioned

in such a way that it was confortable to the subject.

Experiment was performed at three different settings for

ERA.

(A First ten waveforns of ongoi ng EEG were taken at random
intervals. ERA was set as foll ows:

1. Power Push button swtch pressed.

2. TWH RUN EEG was kept on EEG

3. Scope push button switch pressed, to get an oscill oscope
di spl ay of the ongoing electrical activity.

4. At randomintervals, Record push button switch pressed to
get a graphic readout.
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(B) Second setting BSER (with stimuli) - ERAwas set as foll ows:

1. TWH RUN EEG was kept on RUN

2. Stimulus frequency on 2 KHz or 4 KHz, 20 pul ses per second
and 10 Ms sanpl e tine.

3. The scale switch on 2048 sanples and 0.2 M/ D. V
4. Stimulus intensity 80 dB HL.
5. C(LEAR was pressed and then AR RGHT or AIR LEFT as
desired by the Investigator.
Four BSER waveforns were taken for each subject at two
frequencies (2 KHz and 4 KHz) at a single intensity (80 dB HL)

in right and left ear respectively.

(O Third setting for Averaged ongoing electrical activity

(wi thout stimulus).

ERA was set as foll ows:
1. TMF RUN EEG was kept on / RUN .

2. Stimulus function switch kept at a repetition rate of SO
stimuli per second.

3. Scale function swtch kept at 2048 sanpl es for averagi ng.

4. Start stop push button pressed to initiate the m croprocessor
average function.

5. Scope push button switch pressed, to get an oscill oscope
di spl ay.

6. Record push button sw tch pressed, to get a graphic readout
after the conpl etion of 2048 sanples, 20 tines/sec.
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For remaining three waveforns recorded at 2048 sanpl es,
5 stimuli/sec and 1024 sanples, 20 stinuli/sec, and 1024
sanples 5 stinuli/sec, the relative positions of the stinmulus function
switch and scale function switch were altered according to the
paraneter which is being recorded. Rest of the setting was the

samne.

Thus fourwaveforns of averaged ongoing electrical activity

(without stimuli) were obtained.

Daring the process of experinent, follow ng things were

not ed down:

=

Change in the ongoing EEG due to sone attention
seeking stimuli.

2. Qowing of the preanplifier light, indicating that
the subject is not conpletely rel axed.

3. Stopping of the sanples before the conpletion of
the predetermned nunber of sanpl es.

4. Mdtor novenents of the subjects and the subsequent
effect on the waveform

6. In one subject, the sensitivity had to be changed
to .5 MW to get the required waveformfor one ear
(left ear).

Artifacts were found by conparing the BSER waveformand the
averaged (without stimuli) waveforns (ongoing electrical activity).
The BSER waveforns (with stimuli) differed fromthose by the
averaged (without stimuli) waveforns nmarkedly. In addition to
this the factors which affected the BSER waveformduring the

process of experinent were taken into account.
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| to M1 Peak | atency readi ngs were noted fromthe graph
for BSER

Anpl itude of BSER was determned for V, I and M| waveto
To determne the anplitude in mcrovolts (M), the marker anplitude
Mwas noted down either inl, 2 or 4 divisions. And anplitude of
wave V, VI and M| were noted down. Max. value 4 divisions.

Scale switch anplitude S was .2 M/ div.

For eg. a trace feature is 2.5 division high and the narker

Is 2 division high and the scale switchis set to .2 UV div.

T =25
M= 2.0
S=0.2
Amplitude =TS/ M= 2.5 x.3
2
= .25

Al the subjects were tested in the sane nanner.

* k%



RESULTS AND D SCUSS| ON

EEG- In this experinent, EEGis taken to be equival ent
t o ongoi ng background electrical activity and it was sought to
see whether there is any relationship between the brainstem

evoked response and the ongoing REG activity.

REG was obtai ned fromfourteen subjects ( 7 males and
7 females, age ranging from18 to 22 years. Ten EEG patterns
wer e obtai ned fromeach subject, at random These EEG patterns
were obtained during the initial phase of testing in nmost of the

subj ect s.

(Ongoi ng background el ectrical activity is nore in anplitude
druing the recording of first fewpatterns but as soon as the sub-
jects were conpletely relaxed, during the passage of tinme, the
| atter patterns obtained resenbled quieter ongoing el ectrical
activity.

| oud
In the presence of sone attention seeking stimuli |ike/sounds

di sturbances in the testing environment etc.) resulted in the in-
crease in the anplitude of background electrical activity. This

was observed in every subject (Both males and fenal es).

Due to biophysical induced artifacts, the EEG patterns
grewin anplitude and were nmarkedly different fromthe quieter
patterns. The biophysical induced artifacts were the result of

the patients novenents, contraction of the neck nuscles, coughing.
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These bi ophysical artifacts can as well affect the auditory brain-

stem response.

During nyogeni c di sturbances, the preanplifier light woul d
glow, indicating that the subject is not relaxed and at that

time, the background activity resulted in increase in anplitude.

It was found that the anplitude of the evoked response
was reduced with the anplitude of the ongoing EEG activity and
was i ncreased when the anplitude of the ongoing EEG activity was

I ncr eased.

EEG activity in case of fenmales was nore than in the case
of nmales but this was not observed in all the subjects of either

sex.
ARTI FACTS:

For finding artifacts in brai nstemevoked response audi o-
netry, averaging of the background bioel ectrical activity was
done at 2048 sanples 20 tines/sec and 5 tinmes/sec and 1024
sanples 5 tines/sec and 20 tines/sec. Four averaged waveforns
of background ongoing electrical activity were thus obtained,

(i.e. no stimulus was presented through the ear phones).

1. (a) Marker height (M: |In case of four female subjects

it is nmore than one in all the sanples (i.e. 2048 & 1024) at
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20 times/sec and 5 tinmes/sec). Wien it is one as seen in three
subjects at 1024 sanples, 5 tinmes/sec and in one subject at

1024 sanples, 20 tines/sec., it tends to resenble the BSER
waveform In all these cases were narker hei ght was one, the
preanplifier light would glow indicating that the subject is not
relaxed or indirectly the presence of biophysical artifacts.
These nuscl e potentials are in frequency range of the ABR (60 to
3 KHz) and the consequences of these heavy di sturbances can
result in the sinmulation of waves simlar in configuration to

t hose obtained in the ABR, which do not really exist.

(b) Marker height (M - Ml es - Marker height is nore than one
in all the sanples for five subjects (i.e. 2048 and 1024 at

20 times per sec. and 5 tines per sec). It is one at 1024
sanples, 5 tines per sec. in case of two subjects and one at
1024 sanples, SO times per sec. in case of one subject. Wen
it is one, the ongoing bioelectrical activity is affected by
nuscle artifacts and tends to sinulate the BSERA wavef or m con-

figuration.

Wien the nmarker height was nore than two, the nmultiple
peaks were obtained in the averaged ongoi ng electrical activity
waveformindicating that the conputer has not efficiently

averaged the background electrical activity.
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Marker height in case of BSERA (i.e. when logon stinuli was
Present ed:

In all fenale subjects, marker height is one for (R.ear
80 dBat 2 KHz and 4 KHz, left ear 80 d3 at 2 KHz and 4 KHz) .

In mal e subjects, nmarker height is one in three subjects in
both ears and at both frequencies (2 KHz and 4 KHz), in one
subject it istw in all the waveforns. |In renaining three sub-
jects, marker height is two excepting at Lt, ear 80 dB, 2 KHz,
Rt. ear 80 dB 4 KHz, Rt. ear 80 dB 2 KHz where it is one.

Fromthis we cone to an understanding that for BSER narker
hei ght is usually one and does not exceed two, when it exceeds
two, the conputer mght not have efficiently averaged and can
serve as an artifact, while evaluating the BSERA waveform A so the
bi pphysi cal artifacts can conplicate the identification of the ABR

and dimnish its reliability.

2. Stopping of the nunber of sanples before reaching the progra-
mred nunber (2048 sanples or 1024 sanpl es).

ABR : In case of two fenale subjects, the sanpling stopped at
1460, 930 for right ear and for Lt. ear 174, 464, 422. In the
case of second subject, it stopped at 1429, 1818 sanples in right
ear at 2 KHz and at 4 KHz, it stopped at 1786 sanples in right
ear. The remaining five subjects, the sanpling for ABR was done

to the predetermned | evel s.
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In case of one nmale subject, the sanpling stopped at 1719
for left ear, in the remaining six subjects, no such phenonenon

was observed.

This nmeans that conputer is not able to sweep through all
and

the nmenory bins/can be an instrunent artifact, but when sensiti-
vity of the instrunent is increased from0.2 to 0.5, 2048 sam

pl es for ABR are obtained but peaks are not at all clear.
3. Conparison of the averaged ongoi ng bioelectric patterns and

t he BSER wavef or ns.

In case of BSERAin fenmales, all the waveforns at (Rt, ear
80 dB 2 KHz, Rt. ear 80dB 4KHz and Lt. ear 30 dB 2 KHz and Lt. ear
80 dB 4 KHz) are rising upwards towards the end of the graph ex-
cepting two fermale subjects at 80 dB4 KHz in Lt. ear, the wave-
frons nove downwards towards the end of the graph and in one at
80 dB, 2KHz inLt. ear at 0.5 sensitivity, the waveformnoves

downwar ds towards the end of the graph.

In case of BSERin nmales, all the waveforns are rising
upwar ds towards the end of the graph excepting in case of one
subject in left ear at 80 dB at 2 KHz it noves downwards to-

wards the end of the graph.



39

The averaged ongoi ng bioel ectric patterns in case of

f emal es, noves downwards towards the end of the graph for al
recordi ngs (2048 sanples at 20/sec and 5/sec and 1024 sanpl es
at 20/sec and 5/sec) in four fermale subjects and in the remain-
ing three subjects the patterns are rising upwards for 2048
sanples, 5 tines/sec, in one subject. In the other, they are
rising upwards for 2048, 1024 sanples 5/sec and in third one,
the sane case is seen with 2048, 1024 sanpl es 20/sec. However,
it is seen that in nost subjects, the ongoing averaged pattern

noves downwards towards the end of the graph.

In case of male subjects, though the patterns do not
resenble for all nmales but the frequency of occurence of the
averaged ongoi ng pattern novi ng downwards towards the end of

the graph is higher.

Fromthis, we can deduce an artifact, that while eval uating
BSER waveforns, if the waveforns does not rise upwards towards
the end of the graph, it should be carefully | ooked upon or

repeated testing should be done to ensure oneself of the results.

4. Recording artifact: |In one fenale subject, the visual osci-
~and the graphic display ,

| | oscope display ,did not correlate, ‘out on pressing the record

for the second tine in the sane subject, for the sane waveform

correct graphic display was obtai ned.
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5. Anplitude values for BSERA are highly susceptible to nuscle
artifacts - these anplitude values are difficult to replicate

and can be influenced by mnor changes in the recording technique.

This was seen in several subjects both nales and fenal es,
especially while doi ng BSERA, due to biophysical induced artifacts
(nmotor novenent), preanplifier and limt will glowand the anpli-

tude values for different waves tends to be affected.

6. (One repeating the averaged ongoing activity, for different
val ues | i ke 2048 sanpl es 20/sec and 5/sec and 1024 sanpl es

20/ sec and 5/sec. It was seen that the waveformobtai ned was
different in each case, that nmeans fromtinme to tine background
electrical activity varies and is not constant over a period of

time. This was seen in both nmal es and femal es.

7. Correlation between the peaks of BSERA and the averaged on-

going electrical activity:

This was seen in atleast three femal es and two nal es,
In two fenale subjects, the third peak in both the cases
approxi mately occured at the sane |atencies and in one fenale,
the latencies of V peak were seen to coincide with that of the
peak in the averaged ongoing activity. |In nmale subjects, also
V peak of BSERA was seen to occur approxi nately at the sane
| atency as that of averaged ongoing electrical activity peak.

Fromthis we nust drawa caution while inferring the BSERA results.
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It appears that the background activity is nore sensitive
to those sources including "State" while the BSERA is nore

sensitive to those sources including "Signal-strength,"

8. Peak I'l, MI and VI in many cases both nal es and fenal es
are not visible in the BSERA waveform They are easily

obliterated.

9. BSER seen in Bilateral profound hearing | oss cases reveal ed

follow ng findings:

(a) Marker height was nore than two.

(b) BSER waveforns resenbl ed averaged ongoi ng el ectri cal
activity wth nmultiple peaks.

(c) Presence of nuscle artifacts during testing, can
result in the peaks which sinmulate those of actual
BSER peaks and hence nmay give rise to fal se-positive

results.

The ongoing electrical activity patterns, the artifacts
In sone of the subjects and sone of the typical BSER wavef orns

are shown in the graphs.

The data about Absolute Latency (I to M) peaks and Abso-
lute anplitude of (M and M) peaks and their nmeans for 2 KHz
and 4 KHz in right and left ear at 80 dB HL are shown in Tabl es

1-17.
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The percentage of nornmal hearing subjects (nales and
femal es) who showreadable I'l, M and M| peaks is shown in the

tabular form(Table 18 (a), (b) and (c).

* %%
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SUMARY  AND  CONCLUSI ON

The present study was undertaken with the ai mof hel ping
the Audiol ogists to detect artifacts, which can interfere with
the production of actual brainstemevoked responses. Interest
was focussed on the relationship between ongoi ng background
el ectrical activity and the brain stemevoked responses. The
percentage of normal hearing subjects exhibiting sixth and

seventh peaks (males and femal es) was al so found.

This study also includes the data about Absolute Latency
of (I to VIl) peaks and Absolute Anplitude of (M and VII)peaks.

This study was carried out in a sound treated room at
Audi ol ogy Department of Al SH, Msore. Fourteen (7 nales and
7 females) normal hearing subjects were tested. ERA nodel
TA- 1000 was used. Each subject was tested under three different

settings for ERA, for three different measures.

(a) First ten patterns of ongoing background electrical

activity were taken.

(b) BSER (with stimuli) at 80 dBH. for 2 KHz and 4 KHz in
right and left ears (separately) were recorded.

(c) Averaged ongoing electrical activity (wthout stinulus)
for 1024 sanples and 2048 sanples at 5 times/sec and 20 tines/sec
were recorded.
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The foll owi ng concl usi ons have been drawn:

1. Marker height in case of BSER (with stimuli) is usually
one and does not exceed two, while in the case of averaged
ongoi ng electrical activity (without stimuli) it is nore
than one and in subjects where it is one, is due to the

presence of biophysical artifacts.

2. Wave forns in case of BSER (with stimuli) are rising up-
wards towards the end of the graph and in averaged ongoi ng
electrical activity (wthout stinulus) waveforns nove down-
wards towards the end of the graph. Though it is not true
in all subjects, but in suspected cases repeated testing

shoul d be done to ensure one self of the results.

3. Averaged ongoing electrical activity (without stimuli)
waveforns can sonetinmes sinmulate, the BSER (with stimli)
waveformas seen in five subjects. Hence interpretation

shoul d be made wi th cauti on.

4. Amplitude values are highly susceptible to nuscle artifacts.

5. In three subjects, the nunber of sanples stopped before
reachi ng the predetermned nunber (2048 sanples or 1024

sanpl es) and in one subject, recording artifact was observed.
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6. Amplitude of the evoked response increased with the
anpl i tude of the ongoing electrical activity and reduced
when the anplitude of the ongoing electrical activity

decr eased.

7. BSER waveforns (with stimuli) for Bilateral profound
hearing | oss cases resenbl es Averaged ongoi ng el ectri cal
activity (without stimuli).

not
8. The follow ng peaks were/seen in all the subjects

(I, M and VI1) and are easily obliterated.

**k*
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