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| NTRODUCTI ON

(BSERA - Its need while testing children)

Need for BSERA IN CHI LDREN - One of the problens encountered
by the clinician in testing patients with hearing loss is
while testing the pediatric population. Early identification
and diagnosis is especially essential in these children as
hearing loss can interfere with their |anguage, devel opnent.

This can also interfere with their social, adaptive and

Congni ti ve devel opnent.

In order to test children, many nodifications of pure
tone and speech testing procedures have been nade whi ch nmakes
use of variety of conditioning techniques, to get reliable
audi ogr amns. Despite these, ©problens persist in testing
children, especially if they are too young say |ess than one
year, where the clinician has to rely nore on behavioral
observati ons. Also, in certain difficult to test patients,

or children with nultiple handicaps say cerebral palsy or

children with enotional problenms I|ike autism usual test
procedures do not vyield reliable results. Wth the
devel opnent of objective testing nethods |ike inpedance
audi onetry, El ectr ocochl eogr aphy and Evoked Response

audi onetry, they found these could be wused with greater
accuracy in identifying hearing problems in adults. Eg.
Acoustic neuroma can be nore reliably and objectively

identified using BSERA. Hence they decided to try these in



testing children also. It was found that using the above
instruments accurate estimate of hearing is possible. It was
also found that even age-related changes in hearing can be
assessed. Apart from normal children, other paediatric
popul ation were also tested using these objective neasures

and these were found to give reliable results.

Now, Auditory 6voked potentials have beconme an
acceptable procedure for assessing auditory functions in
newborns, infants, difficult to test children |ike newborns,

infants and nultiply handi capped.

Hi storical Developnent:- The CNS generates random bio-

electric activity in the absence of sensory stinulation.
These electrical events can be recorded using scalp
el ectrodes and constitute the El ectroencephal ogram (EEG . EEG
activity was first described by Berger (1929). This EEG
activity undergoes change when there is sensory stinulation

It was found that it is possible to record the bioelectric
events which are related to sensory stinulation and extract

these from the ongoing EEG activity.

Around 1939, the first recordings of AEP s were obtained
from alert and sleeping subjects. Principle of algebraic
sunmat i on of el ectri cal activity foll owi ng r epeat ed

simul ati on was introduced by Clark (1958 & 1961).



Early interest in AEP's focussed on slow (50-200 nsec)

| at ency potential s thought to be of cortical origin.

In the 1970's investigations on the clinical application
of ABR, began. These early potentials waveform was first
recorded by Sohner and Fei nmesser (1967) and |ater described

definitively by Jewett and WIlliston (1971).

These auditory evoked potentials can be classified
vari edly. One common classification is based on the |atency

"epoch” of response. The various epochs are designated as

first = "0-2" nsec,
f ast = 2-10 nsec.
Mddle = 10-50 nsec.
Slow = 50- 300 nsec.
Late = 300 nsec.

Anong the above possible AEP's Auditory Brain Stem
responses is one of the several <clinically useful evoked
potential and is extensively used than any other response.
As the term suggests, the origin of these waves is in the
brainstem These waves are identifiable within 10 nsec after
stimulus onset. Stimuli which are comonly used for ABR
measurenments are clicks, brief tonepips or tone bursts. In
normal s followi ng stinulus presentation; a series of 7 waves
have been identified and nunbered from I -VII. (Jewett &

WIlliston -1971).



Each of these Jewett Wavel ets have a highly predictable
post- stimulus | atency. At high intensities 5 or 6 nmajor
waves beginning at about 1.5 - 2 nmsec and recurring at about
1 nsec intervals can be detected in the first 10 nsec post

stimulation in the averaged response.

The source of origin of the 7 waves are believed to be

as foll ows.

Wave | - Auditory Nerve

Wave |1 - Cochl ear Nucl eus

Wave 11l - Superior divary Conplex.
Wave IV - Lateral |enm scus.

Wave V - Inferior Collicules.

Wave VI - Medi cal Genicul ate body.
Wave VII - Auditory radiation.

Anong these, V th wave is the one which is nost
identifiable and is often used as a criteria for determning

t hr eshol d.

The paranmeters which are considered in interpreting
BSERA waveforns are
1. Absolute latency of the waves.
2. Wave form Morphol ogy.
3. Interpeak |atency val ues.
4. Intra aural |atency differences.
5

Amplitude ratio of V/ | Waves.



Based on these, di agnosis  of hearing loss and

identification of possible site of lesion too is possible.

The followng chapters give a brief review of the
instrunentation needed for testing children, BSERA findings
in normal and in the multiply handi capped. Finally useful ness

of BSERA in hearing and selection too will be considered.



CHAPTER ||

| NSTRUMENTATI ON

In order to do accurate testing, it is essential that we
have the proper equipnent/instrunent. Al so the instrunment
must be properly calibrated, so that the responses obtained

fromit are reliable.

The following block diagram gives a sunmary of the

elements of the stinulation and recording systens of an ABR

equi pnment
B
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Starting from the stimulus generator (shown in the above
diagram), there are many types of acoustic stimuli that can be
used. Generally 1t 1s necessary to have a stimuli with rapid
onset, as this is more efficient in causing neural synchrony
in firing. However such a stimuli will lack frequency -
specificity. Often used stimuli are clicks, produced by
eliciting a headphone with a rectangular voltage pulse,
typically of 100 p sec duration.In efforts to get greater
frequency specificity, filtered «clicks and tone pips are
used. Tonepip 1s specified in terms of its rise, plateau and
fall times. In case of sustained AEP, wusing stimuli 1like

tone pip, entire duration of the stimulus becomes essential.

Depending on whether the initial stimulus segment causes
a positive pressure or negative pressure, the stimulus 1is
called as Condensation or Rarefaction stimuli accordingly,
If polarity in successive stimuli are alternated, then it may
be efficient in cancelling out stimulus artifacts. However
stimuli with alternating ©polarity may cause slightly
different excitation patterns along the basilar membrane.
The stimulus thus generated is routed through the
transducers. The transducers generally used are conventional
headphones. Loudspeakers and Bone conduction vibrators too

can be used.



The stinulus passes through the transducers kept on the
ear. The changes in the electrical activity occurring with
in the patients Auditory system are picked by electrodes.
These are placed on the head and neck. These response picked
up by the electrodes are connected to the preanplifier, the
main function of which is to increase the size of the

el ectrical signal in order to provide gain.

A single electrode pair wll register the auditory
evoked potentials and wll also register a great deal of

unwanted noi se. Hence 3 electrodes are used to provide input

to the differential pre-anplifiers. One of these is called
the "ground" or "common". The other two el ectrodes are known,
as t he "non i nverting" and "inverting" el ectrodes
respectively. The difference in activity between these 2

el ectrodes is what which is anplified. Onmng to this many of
the noise conponents and other unwanted signals which are
common at both electrodes are cancelled out. This rejection
of signals comon to both electrodes is called Commobn- Mode
Rej ecti on Ratio (CMR). Thus if the auditory evoked
potential has opposite polarity at the two differential

el ectrodes it will be enhanced by differential action.

The next step is filtering of the anplified signal to
attenuate the noi se. Filter is an electronic device which
reduces the energy content of an electrical input signal,

over sone particular range of frequencies. The type of



filter used depends on the degree of overlap between the
frequency distributions of energy for the AEP and noise.
Generally for a click stinulated ABR, band pass filter of

100 - 2000 Hz will be nore useful.

Summation and Averaging:- Despite filtering the AEP will be

obscured by the background activity and thus has to be
enhanced. This is done by summ ng or averaging the recorded
activity followng repeated identical stinulus presentation

These operations are best carried out not on continuously
varying (analog) voltage output from the filter but on
strings of nunbers generated by periodically sanpling that

output. This is called Analog to Digital converter.

Noi se and the reliability of Sumred or- Averaged Records: —

Unwant ed noise ( Internal & 6xternal ) <can affect the
reliability of the recordings. Non physiologic Noise sources
can be controlled in many ways including electrical shielding
of the test enclosure, headphone, cables, el ectrodes and power

lines. Physiological noise sources are nore problematic.

Procedures for reducing these include careful application/
positioning of electrodes, and nanipulation of patients state
like sleep, sedation or anesthesia. One way of increasing
the reliablity of interpretation of the average record is the
"silent” or "no stimulus' run. This run should not produce

response like activity.



Once an averaged record has been accunulated the final
step is visual inspection of the waveform and nmeasurenent of
special features such as latencies and anplitudes. A video
display of the averaged record, wth novable cursor for
selection and digital read out of anplitude |atency val ues at
selected points is conmon. Al so graphical point out of the

records are equally comon.

The preceding paragraphs gave a brief overview of the
di fferent conmponents of the BSERA equi pnrent  and their
function. Wien BSERA testing is done with children, it has
been found that several paraneters especially stinmulus and
recording factors, have to be controlled as they can alter

t he responses obtai ned.

The factors influencing the ABR response and how they

must be controlled are considered bel ow -

Factors |nfluencing Normal ABR Responses: —

The ABR response obtained from infants are affected by
many factors, chief among which are age and stinulus
intensity. Hence an effect of the various factors nust be

known and controlled if ABR testing is to be conpleted.
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The Factors can be divided into:-

1. Subject factors
2. Stimulus factors.

3. Recording factors.

Subj ect Factors

a) ABR Maturation wth Age:- Mch of the normal ABR
variability anmong infants is attributable to Maturation, the
significance of this factor being proportional to conceptual
age of the child. Variable rates of maturation and inprecise
estimate of Gestational Age in preterm infants have brought
down the clinical value of test in this population. Yet ABR
is being used for providing new information into patterns of

human auditory devel opnment.

In pre-term period Latency—Age function for wave V
has ranged from 0.04 to 0.4 nsec/decrease per week.
(Schul man - Gal anbos, & Gal anbos, 1975 ; 1979 ; Starr et al .,
1977), wth a general consensus of approximtely 0.2ns (Hecox
& Burkhard, 1982). For wave |, report of 0.45 ns/week,
decrease upto 32 weeks and 0.15 nsec/week average to term
have been reported (Stockard et al., & Coen, 1983).
Maturational changes in the [IPL have also been noted.
Stockard & WestMore and (1981) have reported considerable
variations anong subjects between 32 and 34 weeks of CA. The
| PL decreased at a rate of 0.45 Msec/week, while at 40 weeks

change was less than 0.1 ns/week. Both Absolute |atency
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& IPL's exhibited decreases in latency from term (approx ,
5.0 nsec) to a period between 12&18 nths, when adult val ues
(approx, 4 nmsec) were reached. (Salany & Mckean , 1976;
Sal any et al; 1982 ).

b) Tenperature :- Hypotherma too can affect ABR response.

Central tenperature reductions to below 35 °c can produce
anplitude reduction and prolonged IPL's . ( Stockard,
Shar brough & Tinker 1978 & Stockard & Coen 1983 ). This
problem is particularly acute in low birth weight Infants,
in whom hypotherma is conmon. Nor not herm a shoul d prevail

during testing.

c) Sex :- Adult female IPL's are conparatively less than
those of male's while wave V l|atencies are approxinmately 0.2
nmsec. Shorter (kjaer, 1979 ; M. Cdelland & Mecrea, 1979).
In normal Infant & preadol escent child, no sex differences
have been docunented. (Jacobson et al., 1982, Stockard et al.,
- 1983 ). In case of preterm infants, opinions differ but
differences in latency between nmale & fenmale subjects have
been noted. (Cox, Hack & Metz -1981 ). The differences noted
were transient because retesting of the same subjects at 4

nths produced no sex difference.
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Stinmulus factors affecting ABR : -

1) Stinmulus polarity :- Polarity of the stinmulus typically

used has been either the 6ondensation (c) or Rare faction (R
or alternating. Wave form norphology differences between
single and alternating polarity clicks have been recogni sed

(Picton , Stapells & Canpbell, 1981; Stockard et al., 1979).

Stockard et al. have reported that wave | |atency difference
bet ween. Condensation and rarefaction clicks averaged. 0.12
msec, for newborns. Also wave | is nore affected by phase

dependent del ays than wave V and hence IPL is affected.

Stockard et al., (1980) have also reported that in,a
smal | percentage of nornals, absence of wave or reduction of
IV/V : | Amplitude ratio was noted when higher Intensity,
rarefaction click stimulation was used and with Condensation
stinmul us, Amplitude and Morphology normalised in these

subj ect s.

In contrast to this finding, study by Onitz, M, dson
& Waller (1980) have shown that Response to rarefaction
clicks were significantly shorter for wave IV than wth
condensat i on clicks. Rarefaction clicks i nduced a
significantly earlier wave IV (0.30 nmsec for 3150 Hz &

0.24 nmsec for 5kHz) response than condensation clicks.
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S CRARTIACTION STIMULT
TTLONDENSATION ST IMULT -

Figure above illustrates the use of alternating stimuli to

reduce artifact.

Stimulus frequency :-

Recording of a well defined, high -anplitude whol e nerve
action potential and ABR depends on synchronous activation of
| arge nunber of single fibers connecting to ABR generators-
Broad band clicks are the nost common stinulus used to elicit

ABR. These are generated by exciting a transducer wth

rectangul ar voltage pulse. (100 Jus- Rise - fall). Though
short duration clicks are ideal, frequency Specificity is
sacri ficed. However, in hearing inmpaired patient,
habilitation/rehabilitation relies on frequency - specific,

informantion and clicks can over estimate hearing sensitivity

with precipitous hearing | osses above 2-3 KHz.
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Frequency Specificity:- Brief tones like tone pips, or

filtered clicks produce adequate synchronisation, but their
short rise-time results in broader frequency spectrum
(Eggernont & Don, 1980). Hence notched noises presented with
tone pips can be used to increase frequency specificity.
Brief tone stimuli produce poorer thresholds than clicks and
are longer in latency ( Suzuki, Harai & Horiuchi, 1977). Wve
V latency increases with decreases in frequency-for exanple/
in termnewborns, it averaged 10.65 nsec at |k, 8.44 nsec at
4K, & 7.87 nmsec with broad band stimulation ( Stockard &
St ockard, Coen 1983 )

Stimulus Tenporality :- Stinmulus duration has limted effects

on ABR latency and anplitude as it is an onset response.
(Brinkman & Scherg, 1979). Hecox & Burkhard (1982) have

reported on/off effects that are peculiar to neonates, but on

a prelimnary basis. In adults and infants, increasing the
rise time increases response |atency, while anplitude
remains unaffected (Suzuki & Horiuchi, 1981). In neonates
however, incresase in rise tine produce smaller increases in

| atency. Cochlear/ mddle ear inmmturity have seen suggested

as factors. (Hecox & Burkhard, 1982).

Stimulus rate - Changes in stimulus rate affect the

| atency and anplitude of virtually all ABR conponents.
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Stockard, Stockard & Coen (1983) have reported that in
all age group, effect of stimulus rate was dependent on the
acoustic phase of the stinmulus. Peak l|atency of wave | in
response to rarefaction clicks were unaltered or decreased
by higher rates, but with condensation click stinmulus wave |
was al ways prolonged at increased stinmulus rate. This large
RC latency differenceresulted in conplete cancellation of
wave | when alternating polarity (R+tC) clicks were presented
at high rates. However wave V regardl ess of phase increased
with stimulus rate. Magni tude of Ilatency shift being age
dependent, the IPL was also influenced by rate due to the

above.

Slope of latency - Rate function is about 140-163ns/
decade for terminfants. (Hecox & Burk hard 1982;) In case of
pre-ternms, the slope is nore steep 227 ms/ decade. (Lasky ,
1983). Wthin restricted intensities (30-70 dB), the L-Ris
i near and hence expected functions can be predicted based on

subj ects age.

Stinmulus presentation Mde - As Binaural stinulation causes

a 60% increase in anplitude while latency is unaffected,it's
use has been suggested. Binaural stinmulation with clicks an
healthy full-term neonates showed that, Binaural Interaction
was apparent during waves 1V, V & VI, where there was
systematic anplitude increases, peak l|atencies were not

significantly affected. This was shown in a study by (Dunn
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HH MndelSon . T & Salany .A 1981) However wth bianural
stimulation, wunilateral peripherial hearing |oss and possibly
central auditory disorders can be m ssed. Hence Bi naur al
presentation is not recoomended as standard node of

presentation especially in screening procedures.

El ectrode configuration |- Position of the el ectrode

interacts with and affects wave from norphology & |atency.
(Mcpherson, et al., 1984, Stockard, Stockard & Coen, 1983).
According to Stockard & Coen (1983), wave | anplitude was
significantly higher with vertex to earlobe recording than
vertex - mastoid recording. Also ear |lobe to earlobe
recordings further enhanced wave | anplitude. On the other
hand, maxi nrum wave V anplitude is seen with vertical nontage

-vertex (C2) or forehead F2 to nmastoid / earl obe.

McPherson (1984) in his study found that neonatal
subjects had longer latencies and greater variability. 1In
neonates waves In, IIn, IlIn, Vn, seen at M was shorter than
|atencies recorded at Cz. These latency differences are

greater in infants than in adults.

El ectrode Inpedance :- Ceneral rule for ABR electrode

i npedance is that values above 5000* os are unacceptable.
This is especially true in the case of neonates. However,
Eccard & Weber (1983) in a study of 400 newborns with B.S. ER

-examned for skin contact - electrode inpedance effects on
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screening results. Neither high electrode inpedance nor
unbal anced i npedance between the active electrodes appeared
to have a significant effect on the screening results. They
recommend i npedance of less than 10, 000* os before initiating

ABR testing.

Number of Sampl es: -l nfant's response anplitudes are | ower
and norphology is imuature, than that of adults. Al so noise
| evels are high in nursery settings, hence sanple sizes nust
exceed 2000 for adequate response wave form ( Stockard,

St ockard & Coen, 1983).

Frequency filter setting :- This can affect absolute and

relative latencies and also anplitudes. Wen |ow frequency
filter settings (less than 100 Hz) or high frequency filter
settings nore than 3 KHz) are used, there was a significant
decrease in anplitude, increased threshold and shift in peak
| atencies (Stockard, Stockard & Coen, 1983). Filter settings
normal |y desired is 150-3000 Hz . which can be wused in

i nfant testing.

Anbi ent Acoustic noi se : Background masking is a problemin

infant testing. Wave | is unaffected by such noise but wave V
shows both relative and absolute latency shifts (Stockard &
West norel and, 1981). To maintain reliability of established
nornms, testing must be carried out in simlar levels of

anbi ent noise ( or preferably in quiet).
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Anbi ent Electrical Noise - Apart from acoustic noise, a

nunber of other problens can arise due to anbient electrica
interference which can contam nate or obscure ABR response
To control for these problens, it is paranount that silent

runs and trial replications occur.

Contral ateral masking :- At high Intensities a contral ateral

ABR can be seen with a dead ear (Chiappa et al. , -1979 ).
This suggests that at stinmulus levels above 60-70 dB HL,
contral ateral masking nmay be needed to prevent the non-test

ear from producing or contributing to the obtained response.

The above are the factors that can affect the test
results, and they nust be taken care of and properly

controlled, so that the results obtained are reliable.

The following chapter wll give an insight on the
findings of "Brain-stem Evoked Response Audionetry” in norna

i nfant popul ati on.
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Nor mat i ve dat a

Since when Jewett (1970) recorded a series of 5-7
potentials probably evoked by cochlear processes and by
auditory relays, B.S.ER A has evoked nuch interest as an
audi onetric tool in the early diagnosis of hearing loss in
both infants and adults. Unli ke adult ABR response which is
nore or |ess consistent, infant ABR responses (norphol ogy and
|atency) vary wdely and also the response changes wth
mat ur at i on. Addi tional variables like premature birth both
confounds the problem and dictate specific criteria for ABR
testing of the infants. Hence there is a need to have age-
related normative data before any accurate assessnent of

infant ABR is possible.

In testing infants (and adults), the response paraneters
often considered while evaluating the infant ABR responses
are a) Morphology b) Latency[Intreaural |atency & Interaural
| atency] c¢) Anplitude. These different response paraneters
achieve adult values at different ages. The follow ng
chapter gives a brief review on the different response
paraneter and the age at which the typical adult values are
r eached. These age-related norns will aid us while testing
infants, in determning the thresholds and al so whether the

responses obtained are normal or abnormal for that age group.
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Most of the research on ABR in infants has centered on
the following parameters. The response paraneters
considered in these different studies are:

a) Morphol ogy
b) Absolute latencies of different waves.
c) Interpeak |atency.

d) Anplitude (Absolute & Relative anplitude ratios)

Each of these different response paraneters have their
own characteristic pattern in infants and adult values /form
are reached at different ages. The different paranmeters have

been considered individually in the follow ng paragraphs.

a) Morphol ogy: - The waveform norphol ogy of a typical infant

response consists of 3 vertex forehead positive peaks in
conmparison to 6 or 7 seen in the adult (Jacobson et al; 1981,
Sal any & McKean, 1976). These waves correspond to the adult

values of I, I1l,& V given by Jewett WIIiston designation.

Figure:- | depicts the typical infant ABR response

nor phol ogy at 60 dB HL.

Pal udetti et al., (1981) conducted a study on 59 nornal
hearing children. They were divided into 4 groups according
to age as follows a) 36-41 weeks. b) 1-6 nonths c) 6-12
nmonths d) 12-36 nonths. They found that norphol ogy of

tracings obtained by delivering the stimuli through head
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phones becane simlar to the adult tracings in group 3 and 4.
In the first two groups only 3 peaks could be found up to an
intensity of 80 dB; near threshold only the 3rd peak
remai ned. This peak is simlar to JV seen in adults. The
first two intermediate conponents (JIl & JIll) were fused in
the first two groups and separate at above 7-8 nonths of age,
thus representing the typical four-peak adult trace. Figure
2 shows the ABR waveform norphology obtained in the four

at di fferent sti nul us intensities..

Many other studies too have found that infants response
nor phol ogy consists of only 3 vertex forehead positive peaks.
Jacobson & Mrehouse (1982) in their study on 124 children
with normal hearing whose ages ranging from 40-49 weeks of
Gestational &ge found that infant responses consist of 3
forehead positive waves whose latency is a function of
stimulus intensity and maturation. He also found that wave
Il energed around the 3rd nonth, and wave V showed signs of

wave |V - V separation by the 4th nonth.

Moen (1983) did a study on 212 infants ranging in age
from 0-13 years, He recorded the auditory brainstem response
of these infants. He too found that in newborns only 3
di stinct peaks are identifiable -i.e. the Ist, Illrd and Vth

peak.



22

In a study by Rotteveel & Notternman, (1980) ABR
recordings were obtained both ipsilateral and contral ateral
to stinmulation. They did the study on 25 healthy newborns,
who were about 39-41 weeks of gestational age. ABR s were
elicited wusing 100 wusec positive (condensation) clicks

presented at a level of 70 dB HL at the rate of 11.1/sec.

They found that, in newborns the wave conplex shows a
posi tive-negative conposition. Peaks I & Il. were fused in
the first positivity, peak |1l enmerged from the trough in

negativity. Peaks IV & V were fused together and peak Vi
appeared in subsequent positivity. Wave | was often bifid.
In contral ateral recordings, peaks Il & IlIl were often fused
and peak VI becane nore discernible than in ipsilateral
recordi ngs. This is in agreenent wth the studies of Sal any
et al., (1975 & 76); Stockard et al (1981). Peak 111 is
often absent in newborns, but in contralateral recordings,
peak 111 could be got in 21 of the newborns. From 6th week
onwards, peak Il & IIl differentiated independently and

wavef orm often changed wi th age.

Thus many studi es have been done to determ ne the infant

ABR waveform nor phol ogy. Most of these studies show that
infant waveform consists of 3 peaks - Ist, Illrd and Vth
peak. The 3rd peak is simlar to the 5th peak seen in
adul ts. Finally, the adult waveform norphology is obtained

by about 12 nonths or 1 year.
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Latency:- This 1is an inportant response paraneter often
considered in nost of the ABR studies. Latency-refers to the
time interval between the presentation of stimulus and the
obt ai ned response. Each of the 7 peaks have their own
| atency value for exanple - the 5th peak often has a |atency
of 5 meec in adults. These |atency values indicate the speed
of transm ssion of the neural inpul ses. Dependi ng on which
peak shows prolonged / or abnormal |atency value, we nay be

able to detect the site of lesion in the Brain-Stem

Figure 3 shows how the absolute and relative |atencies

can be accurately determ ned. * kK
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In newborns and young infants, all the ABR wave peaks
show prolonged l|atencies conpared to the adult values. Wth
age, the latencies of these different conponent wave showed a
systematic decrease owing to maturation of the centra

nervous system
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Early researchers while testing newborns found that ABR
recordings could be done from premature infants as well.
This has led to different studies to determ ne the exact age

of initial appearance of the different waveforns.

Attenpts have also been made to devise a set of ABR
| atencies for different conceptual ages; using which it would
possible to predict the latency of any group of children when
tested. Wber (1982) did a study on 130 infants and the

responses obtained were considered to devel op wave V | atency

forms for different conceptual ages and also wave |1l |atency
forms for different conceptual ages. Addi tional nornms were
al so devel oped using ABR interwave intervals (I-111 & Il1-V)

as indicator of Brain-Stem nmaturation.

Results of his study suggested that wave Il is nore
appropriate for the nmeasurenent of response |atency than wave
V. They also found that conceptual age is not as
satisfactory as inter- wave intervals. ABR inter- wave
intervals were found to be a nore direct neasure of
maturation level within the conceptual age pathway. However
there is disadvantage in using ABR inter-wave intervals as
the basis for latency nornms in infants. It masks any
neur ol ogi cal disorder which nmay extend central conduction
time. Finally they found that it is difficult to conpare the

results of one lab with the other.
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Tabl e(1).

Table | shows the findings of the above study.

The study done by Stockard & Stockard (1982) has been
fairly extensive, and gives a detailed description on the
origin and devel opnent of different wave conponents. They did
their study on 100 normal full-term newborns (I-3days), 16
normal full-term newborns aged 1-2 nonths and 62 pre nmature
infants with no other or mninmum perinatal conplications at
conceptual ages ranging from 28-42 weeks. These premature
infants had no detectabl e hearing inpairnent when foll owed up
| ater. Additional ABR was recorded from 324 patients in
NI CU. ABR recorded was correlated with the type of

abnormal ity at the time of discharge.

Stimuli used were clicks presented at different rates of
5, 10, 30, or 80/sec and |levels used were 115dB; 100 & 70 dB
pe SPL. If either stimulus failed to elicit a response it
was increased in 10 dB steps till ABR threshold was

est abl i shed.

They found that at high intensities and |ow presentation
rates, a snall broad wave | first appeared in subjects around
27-30 weeks (CA) and latency was about 0.75 nsec |onger than
new born. Around 32 weeks of CA, wave | averaged around 85
dB SPL. After this age, subjects had recordable wave | wth

click intensity of 75 dB. Mat ur ati onal changes with wave |
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| atency was greater when lower stimulus intensity was used
(75 VS 115dB pe SPL) and regardless of the stimuli were nost
pronounced in the early stages of conponent devel opnent.
Before 32 weeks of CA | at ency-Age function for this
conmponent (Wave 1). averaged 0.45 nsec/week then flattened
to average of 0.15 nsec/week in the remaining pre-term
period. Adult latency values for this wave | was obtained by

around 3 nonths of age.

Along with wave |, around 27-30 weeks, a single slow
duration conponent (79 nsec) designated as wave V could be
di scer ned. Wave V lagged behind wave | & wave Va in the
mani festation of a well-defined peak. However this peak
becane nore defined and anplitude rose rapidly so that this
peak was discernible by 32 weeks. By 32 weeks the I1V/IV
conplex threshold dropped to lower level of 15 dB pe SPL.
Wave V |atency shortened fromthe time of first appearance to
full-term nore than half the change occurred before 33 weeks
of conceptual age. Adult values for this wave (V) are reached
by the 1st or 2nd year. Stockard et al. , gives the inter
lab conparison of normative data of different waves at

di fferent conceptual ages. (Tabl e 2)

Study done by Fria. J.J & Doyle (1984) has also traced
the course of devel opnent of different wave | atencies. He
did a cross-sectional anal yses of conponent |atencies of the

Audi tory Brainsterm Responses on 466 infants ranging in age
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Table 1. Inlerlaboratory comparison of normative data

1-v
CA Refer~ Wave | Wave V 1P Stimulus
{weeks) ence X 5.0 n X S.D. N X S.D. N Rate Phase intensily
—* 2.31 0.32 B 8,5_8 0.58 8 6.26 0.39 5 10/sec R 110 ¢B pe SP[
32 9 2.28 043 10 B.04 .69 7 5.53 0.63 10 10 /50 ? 65 dB SL
3 2.80 B.35 10/ 800 7 60 i HL
-7 1.93 0.22 14 7.71 g.24 14 578 0.2 14
a3 9 2.02 0,39 ) 7.62 .47 7 5.34 0.53 v
32 2.90 820 5.40 10/sec R+C 65 dB 5L
—F 1.83 0.34 24 7.7 0.36 24 5.81 .29 24
34 9 1.98 0.29 13 7.51 0.28 8 5.53 0.41 13
3 2.55 7.93 .
i
—* 1.95 0.20 30 7.35 0.3 30 5.39 .28 30 '
35 9 1.87 Q.23 17 7.52 0.42 7] 542 0.54 17 i
a2 2.80 7.60 5.30 .
— .88 0.20 35 TA7 0.27 35 5.26 0.3 35
9 1.87 0.27 14 7.28 .45 11 5.36 047 14
- }
96-37 3 2.50 T.77 \
az 2.00 7.30 5.30
-~ 1.81 0.22 62 6.72 0.32 62 4.90 0.28 652
9 1.64 0.18 3o G.74 0.22 23 5.10 30
40 3 2.28 .37
32 1.80 5.90 5.00
29 212 0.36 15 7.11 0.28 15 4.99 LERCH 15 10/8ec H+C 55 dB HL
— 2.15 0.21 30 5,93 0.3z 30 4.79 0.20 30 10/5a0 R 100 (1B pr iy
10 —" 247 0.22 30 7.23 0.36 30 4.76 0.28 30 10}/ 500 n an df pe S0
—" 2.83 0.26 30 7.G62 012 30 1.79 0.32 30 10/ 500 n A <t pey 51
—" 3.45 0.38 30 510 0.46 30 4.65 $.30 30 10/sec R 7O dB pe S
—* 1.94 0.25 55 6.71 Q.27 49 4.79 0.30 49 10/sec o 110 ¢B pe &9,
—* 2.06 0.24 48 7.18 0.32 48 514 0.36 48 30/sec H 110 dB pe &
Average Wave V L-M _ )
Function Slope® Average Wave V L-t Function Slape”
(msec/week) {psec/dB}
Conceptional age range . .
(weeks) Conceptional age range (weeks) ;
T t
Infensity !
Relerence 31-32 34-40 Reference 32-33 34-35 36-37 Term range '
— 0.73 0.16 — 41 37 34 34 70-110 dB pe SPL
9 0.73 015 :
3 033 0.09 3 55 48 36 35 30-60 dB HL
31 0.40 012
10 .11
19 0.07

* Present study.
* L-M = latency-maturation,
¢ L-1 = latency-intensity.
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from 30 weeks post conception to adulthood. They were
divided into 8 age groups; and change in |atency of various
ABR waves (I,111&V) as a function of age was noted. Their
findings too supported the concept of two naturational
stages:- an early rapid stage which ended at 8-10 weeks post
partum by when wave | got stabilised and the second nore

gradual stage which stabilised by the 3rd year of life.

Figure 4 and 5 show the course of change in |atency of

wave | and wave V at di fferent conceptual ages.

Study by Jacobson & Mdre house (1982) too confirms the
findings of the above reported studies. He recorded ABR s
from 124 normal ears whose ages ranged from 40-49 weeks of

gestational age Unfiltered clicks were used as stinuli.

They found that absolute |atencies were prolonged in all
the age group studied, and decreased as gestational age
i ncreased. However, the only exception was wave | which
approximates adult latency by 2 nonths of age. They recorded
mean |atency shifts of 0.25, 0.18 & 1.41 nsec for waves I,
Il & V as gestational age increased. The followi ng table
gives the change in latency value of different waves at

di fferent conceptual ages.
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I |11 V

Age  (\eks) 60 dB 30 dB 60 dB 30 dB 60 dB 30 dB
40 - 41 (nean) 2.23 3.28 4. 84 5.73 7.16 8.20
42 - 43 (nean) 2.24 3.27 4.76 5. 74 7.11 8.15
44 - 45 (nean) 2.24  3.27 4.72 5.61 6.93 7.91
46 - 47 (nean) 2.13 3.16 4.71 5. 56 6.71 7.85
48 - 49 (mean)  1.98  2.98 4.66  5.63 6.72 7.73

Fromthe above table, we will find that |atency decrease
for waves | & Il are only 0.25 nsec 0.18 nsec respectively,

whil e wave V shows a | atency decrease of 0.44 msec. Wve |
reaches adult l|atency value by 48 weeks of age, while wave V
contained to decrease in the age ranges studied. It reached
adult value at 1 year. This finding is in confirmation of the
earlier reported study by Fria & Doyl e.

Fig (6) illustrates the above findings graphically.

Pal udetti et al (1981) did a study on 59 children
di agnosed as nornal . He wanted to observe the age rel ated
variations of the various ABR paraneters due to naturationa
devel oprent of the auditory pathways & conpare these wth
normal adult val ues. He had divided the children into 4
groups according to age as follows a) 36-41 st week : b) - 1-

6 nmonths c) 6-12nonths d) 12-36 nonths.

They found | atency val ues of JI peak at 100 dB showed a
slight progressive decrease with increasing age. However for

wave V the decrease in latency value with increasing age was
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far nore greater, and there was significant decrease in
| at ency between groups. QGoup | had a latency of 7.3 7 nsec;

Qoup 2- 6.63 nsec, group 3-6.46 nsec; & group |V-6.08 msec.

Thus this study also supports the findings of earlier
reported studies by Jacobson & Mrehouse (1982); and
St ockard, Stockard & Coen (1983).

Thus many studi es have been done on prematures to trace
the origin and devel opnent of the different waves. In nmany
of the studies, wave V-has been often considered as this
response is not susceptible to fatigue or sleep, & it nay be
useful in evaluating auditory function in high risk newborn

I nfants.

Sone of the findings of the different studies on wave V
| atencies are as follows. Schul man- Gal aanbos &  gal anbos
found that Wave V changed in latency from 8.5 nsec at 34-35
weeks of gestation to 7.30 nsec at 40-42 weeks of gestation.
Starr et al (1975) reported that wave V changed in |atency
from 9.9 nsec at 26 weeks of gestation to 6.9 nsec at 40
weeks of gestation. Smlarly, Cox et al (1981) reported
that wave V changes in latency from7.9. msec at 33-34 A to

7.65 at 39-40 weeks of geStational age.
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Often the studies have been done on prenmatures. There
has been a controversy whether BSERA responses obtained from
premature babies are different from full term newborns.
Some studies indicate increased l|atency values on the
prematures conpared to term newborns while few other studies
have failed to denonstrate any significant difference between

the two groups.

Morgon & Salle (1980) did a study on 15 prematures to
study the influence of gestational age and wei ght. Age range
of the prematures were found to vary from 30-42 weeks of GA
and wei ght from 1100-2050 gnms. They found that irrespective
of GA or Birth weight, Jewett Vth wave could be identified
provided high intensity recordings could be done, and when
the baby is calm JV could be traced till 30 dB. Thr ee
intensities of 80, 60 & 50 dB SPL were selected for the study
of | atencies. As hearing matured, it was found that |atency
of JV and JV-1 interwave val ue di m ni shed. Thus gest ati onal
age was found to be an inportant factor, but the influence of
wei ght was not known. They al so found that premature babies
do not have the same |atencies at full-term as the newborn

baby.

However, few simlar studies done have failed to support
t he above quoted finding. In a study by Kaga .K Hashira.sS,
& Roger. MR ; 25 pre-terns wth post conceptual age of 40

weeks were studied. 12 of them were of appropriate weight
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for gestational age and 13 were of small weight for
gestational age. (SWD). They were matched with 84 full term
normal newborn babies of post-conceptual age- 40 weeks.
Latencies of 1st, Vth peak and also 1-V interval were
measur ed. Contrary to the earlier study, this study failed
to show prolonged peak |atencies or central conduction tine.
In other words latencies were not nore prolonged with the
earlier gestational age at birth. This study did not find
any difference between ABR maturation inside & outside the
uterus as long as ABRs of full-termand pre-term babies are
conpared at around 40 weeks of post-conceptual age. Thus if,
ABR is found to be prolonged, conpared to age nmatched
controls, it is indicative of physiological sign of unusual

brai n devel opment or Brain-stem or Cochl ear.

Concl usi ons: —

1. Different waves have origin at different tine
intervals. These waves <can be identified even in pre
termpremature infants. Wave | could be identify around 27-
30 weeks of conceptual age, while wave V nmade its first

appearance at about 32 weeks of conceptual age.

2. Latencies of the different wave conponents decrease
as age increases. Wave | reaches adult value by about 3
nont hs of post-partumage, while wave V reaches adult |atency

val ue by 2-3 years of age.
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The following fig:7 shows the changes in Inter peak

| atency value with age.

Summary:- 1) |PL decreases with age.

2) Adult values are obtained around 12-18 nont hs.

Anpl i tude: - An inportant paranmeter often studied is the
anpl i tude. CGenerally largest anplitudes are seen in infants
and smallest in resonates; and those of adults fall in

bet ween.

*xxk(Fig: 8)
AND RELATIVE ABR.
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When absol ute anplitude values are studied, infants have
wave-V which is considerably smaller than the adult wave V at
conparable intensities; but infant Wave | nay be tw ce that

of adult anplitude. In infants, the anplitude variability is
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greater due to a large nunber of factors. Anplitude ratios
too have been determned simlar to adults. It has been
found that the anplitude ratio is smaller in infants (<1).

Adul t val ues are reached around the 1st year of life.

When di fferent waves are separately consi dered,
anplitude of Wave | doubles during the first two weeks after

which it reaches a steady val ue.

Sal any et al (1979) have reported that wave | anplitude
reaches a plateau at approximately 3 nonths of age and
decreases through adulthood. In contrast, wave V devel ops
nmore slowy and peak anplitude of this wave is not reached
till 12 nonths. Wave |1l develops simlar to Wave |, but
Hecox & Burkhardt (1982) report that Wave IIl parallels Wave

V in devel opnment.

In a study by Jacobson, J.T, Morehouse, CR and
Madel ine, J.J (1982), ABR s were obtained from 124 nor mal
ears who ranged from 40-49 weeks of GA Bot h nean absol ute

anplitude and relative anplitudes were found.

The followng table gives the value of absolute and

relative anplitudes obtained at different gestational ages.
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3. Inthe initial pre-termperiod, slope of the |atency-
Age function tends to be steep, but as age increases slope

decreases or rate of decrease reduces.
4. Latencies of the premature babies and normal full-
terminfants do not differ nuch, as long as they are conpared

at identical Post Conceptual Ages.

| nterpeak Latency Differences: — (I1PL)

Wth maturation of the auditory pathway, the conponent
| atenci es decrease and it has been found that 1-V interva
too decreases and progressively reaches adult wval ues.
Schul man- Gal anbos and Gal anbos (1975) have shown that central
conduction time (CCT) in the auditory pathways decreased with
maturation from7.2 nmsec at 26 weeks to 5.2 nmsec at 40 weeks.
Cox et al (1981) have reported that C.C T decreased from 4.55
msec at 33-34 weeks to 4.70 m sec at 40 weeks. O her
studies too have confirmed the finding that C C T decreases
as age increases and adult values for this are obtained

around 12-18 nont hs of age.

Pal udetti (1981) did a study on a group of 59 children
di agnosed as nornmals. They were divided into 4 groups
according to age. 36-41 weeks, 1-6 nonths, 6-12 & 12-36

nmont hs.
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The 1-V interval values obtained for the different

groups are shown in the table below :-

120 dB SPL 100 dB SPL

Goup 1 PHN 5.30 + 0.55 5.40 +0.57
77 5.79 * 0.61 5.32 ¥0.67

Group |1 PHN 4.47 + 0.29 4.90 + 0.14
77 4.96 ¥ 0.72 4.98 % 0.57

Goup |1l PHN  4.50 + 0.18 4.72 + 0.15
77 4.58 ¥ 0.27 4.59 ¥ 0.22

Goup IV PHN  4.24 ¥ 0.35 4.29 ¥ 0.37
77 4.35 ¥ 0.48 4.16 * 0.60

They found that group | differs significantly from all
the other 3 groups in the values, while there was a mnor but
yet significant difference between Goup 2 and Goup 3 & 4.
No significant difference could be obtai ned between groups 3

& 4 and normal adult val ues.

JV-JI interval has been considered as an inportant index
of maturational process by Salany. et al (1975 and this is
confirmed by the results of this study which showed a
statistically significant increase in Goup | children when

conpared to those belonging to groups 2, 3 and 4.

Rotteveel, Notternman and Stoelinga et al (1981) did a
study on 25 healthy newborns in the age range of 0-3 nonths.

They tried to determne at which structural |evel changes
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occur nore. For this they studied different inter-peak

intervals - I-11; II-111, I1-V, -V

They found that IPL of I-11 & Ill-V did not alter nuch
in the age group studied but II-11I, II-V & I-V did. Thus
there may be greatest change from 0-3 nonths at the |evel of
cochlear nuclei and superior divary conplex - both major
generators of Il & Il peaks. In this study, contral ateral
recordings too were done and they found that IPLD Ilc-vc is

alnost equal to IPLDII1-V both at termand at 3 nont hs.

Findings of many studi es concerni ng change in interpeak
|atencies with age are simlar . Most of the studies show
that change or decrease in |IPL values with age is entrenely
rapid in the initial few weeks but soon becones |ess rapid,
so that adult values are reached around 12-18 nonths of age.
For Exanpl e: - Jacobson & Morehouse (1982) found that with the
exception of I-I1l1 interval; all the other inter wave
intervals - |-V & Il1-V showed decrease in latency with age.
Mean |-V interweave interval decreased a total of 0.22 nsec

from4.94 to 4.72 nsec, at 60 dB & 0.16 nsec at 30 dB.

Stockard, Stockard & Coen (1983) in their study also
found that in infants of 30-31 weeks of conceptual age, |-V
|PL varied w dely but averaged around 7.3 nsec with 110 dB pe
SPL. Mre than half of the IPL shortenings were in the |ast

10 weeks and occurred before 33 weeks of conceptual age.
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I 11 Vv Anpl i t ude ratio:. V II
40- 41 0.60 30 60 30 60 30 60 dB 30 dB
\Weks 0.30 0.21 0.07 0.06 0.22 0.18 0.75 0.74
42- 43 0.29 0.19 0.08 0.07 0.22 0.18 0.76 0.92
\Neks
44- 45 0.27 0.16 0.06 0.06 0.23 0.18 0. 87 1.11
\Weks
46- 47 0.25 0.17 0.06 0.06 0.23 0.19 0.92 1.12
\\eks

In general absolute anplitudes increased at higher

presentation levels. Wile anplitude of Wwve IIl & V
increased, Wave | exhibited an orderly decrease as age
| ncr eased.

Conparison of Adult and Infant Wave anplitudes produced
| arge di screpanci es between conparable waves. Infant Wave V
anplitudes are approxinately 1/2 half that of adult wave at
equal intensity |evels. However, in case of Wve I
anplitude, full-term newborns have anplitude tw ce as those
of adult Wave | response. Increased anplitude may; be due to
smal l er head circunference. Wave | anplitude decreased as a
function of maturation. The infant V/I Relative Anplitude
Ratio in the present study increased as age increased at both
presentation |levels. The effect continued but fell short of

adult values in the age-range studies.
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Study was done by Rotteveal, CJ. & others (1986) - on
25 heal thy newborns who ranged from 39-41 weeks of GA He
found that anplitudes at term date was 0.12 + 0.06 nv for
peak Il & 0.22 + 0.08 nv for (V) and at 3 nonths, peak II
was 0.13 £. 0.07 nv and 0.23 +. 0.09 for peak V. The anplitude
ratios (V1) and absolute anplitude values at birth (Man &
SD and at 3 nonths did not differ significantly in the age
range studied except for peak VC. This is in contrast to the
earlier studies reported by Salany et al and Jacobson (1982)
whi ch showed changes in anplitude value as age increased till

it finally reached a pl at eau.

Threshold:- It is the lowest intensity level at which a

reliable Vih peak can be detected. This is one of the nost
inportant paraneter and it is wused in determning the
presence of hearing |oss. (@lanbos & Galanbos (1979) have
found that J V wave occurs at stinmulus intensities which are
slightly higher - 10-15 dB nore than nornmal adults. JV
occurs at about 45-55 dB SPL in newborns while absence of
response in a newborn to a 60-70 dB stimulus nust arouse a

strong suspi cion of hearing | oss (Mkotoff, 1977).

Study by Morgon & Salle (1980) has also shown that in
their testing of 15 prenatures, whose ages ranged from 30-42
weeks of GA, the pattern clearly showed Jewett 5 Wves,

provided high intensity recordings of 90 or 80 dB were
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used. Wen the baby is calm it was found that JV wave

could be followed as far as 30 dB without any risk of error

and in favorable conditions as far as even 20 dB.

Moen.S. (1981) did a study on 212 infants on whom he
did ABR recordings. They were divided into different
di agnostic category. They found that 20 % did not reveal ABR
at 60 dB H.. 1In 15 %threshold |level was between 40 - 60 dB
HL. Remai ning 60% were judged to have normal functioning
peri pheral auditory system with ABR threshold equal to or
better than 30 dB HL.

The NNQU group, in this study reveal ed a high incidence
of non responding ABRs. 10 at risk neonates reveal ed
el evated ABR threshold between 40-60 dB HL and in 11 no ABR

appeared to 60 dB clicks in either ear.

In conclusion nost of these studies have shown that
full-term healthy & normal newborns vyield ABR to click
intensity of 20-30 dB HL. This is estinated to be about 15-
25 dB above the ABR threshold for adults. Al so the ABR
threshold found within the first day of life were within the
range of 10-20 dB HL . However, in prenatures and snall for

dates, ABR thresholds are found to be higher.
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Latency- Intensity Functions:- Slope of the infants wave V

| atency-intensity function has been the  subject of
considerable attention and disagreenent. In adults, L-1
function has been reported to be about 0.28 & 0.40 m sec/10dB
respectively, while Stockard, Stockard & Coen (1983) have
reported a case of 0.14 nsec/dB. In infants sl ope has been
denonstrated as being approximately 0.007 nsec / dB sl ower
than in adults. They have also reported the slope in pre-
term infants to be steeper than in term newborns. Lee and
Cox (1982) however found that pre term l|atency-intensity

functions were identical to those of 1-2 nonths old infants.

Fig-8 and Fig-9 show the changes in the |latency -

Intensity function at different Gestational Ages.

Findings of the latency-Intensity functions by Stockard
Stockard are in accordance with those of Schul man-Gal anbos &
Gal anbos (1975). They found that newborns showed an average
shift in the 40 dB range of 36 u sec/ dB as conpared to 28 u
sec/dB in adults. Findings of this study are in contrast to
t hat of Hecox (1975) who found a nore shallow Wave V slope in
newborns (28 nsec/dB) than adults (44 msec/ dB).

Early detection of hearing loss is a nust as wthout
adequate auditory input, the infant cannot receive and hence

process those fragnments of speech and | anguage which formthe
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conceptual foundation for growh of comrunication. I n order
to detect the presence of hearing loss as early as possible,
it is necessary for screening newborns for congenital hearing
| oss. During the 1970s after the 'Novascotia and
Saskat oon* conference on Newborn screening, ABR was
considered to be a viable test for newborn hearing

popul ati on.

Schul man- Gal anbos & Gal anbos (1979) have given reports
on ABR neonatal hearing screening programme. They screened
220 normal term infants and 75 newborn infants previously
confirmed to the Intensive-Care nursery. Stinmulus used was a
series of 100 nsec clicks presented at intensity levels of 60
dB & 30 dB respectively to each ear. They could get response
in 368 ears. 85% of all responses were judged to be fair or
better. O the total 75 in intensive care nursery, 21 were
"at risk for hearing loss", Qut of this total tested,4 were
found to be severely hearing inpaired in whom l|ater tests
revealed irreversible SN hearing |o0ss. Their study also
showed that at about 40 weeks of GCestational age, BSERA to
clicks can be recorded at about 20 dB. Infant threshold is
about 10 dB nore than the adult. Response at 30 dB indicates
normal cochl ear function. If response is got at 40 dB and
not at 30 dB, the child can be thought to have mld

conductive problem
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In nost of the BSERA studies, presence or absence of the
Vth peak in one or both ears at a given stinmulus intensity is
| ooked for. Generally, all screening procedures use only a
pass / fail criteria; and one or two cut off points are used.
For instance nost of the screening ABR is done at 40 or 30 dB
n HL; only one study used a level of 25 dB n HL. (Shanno
Gol dstein et al, 1984).

There have been different views regarding the popul ation
who should be screened using BSERA. Galanbos (78) has
suggested that every newborn suspected to have hearing
i mpai rment nust be screened . However there is general view
that children who fall under this category of 1) graduates of
NI CV, 2) those who appear on High-risk register 3) Those who
fail behavioral screening. 4) Suspected for hearing |oss due

to sone other reason nust all be screened.

Also nost of these studies use two cut off-points a)
Lower cut off around 30 dB 40 dB nHL; b) Hi gher cut off
intensity of 60 or 70 dB nHL. Few may pass the screening at
hi gher value of 70 dB nHL but fail in the screening procedure
when |ower cut off value of 40 dB nHL is used. Such children
may be those who have mld hearing problem or problem which
may be a transient one. The following table illustrates the

different screening studies that have been done using ABR



St udy N pass fail % Cut of f
Schul man- Gal anbor, &
Gal anbor, 1979 75 71 4 5.33 30
Jacobson- Seit z,
Mencher & Parrott 1981 96 84 12 12.50 30
Gal anbos, Hicks &
Wl son 1982 890 749 141 15.84 30
Myot n- Langset - Tangs-
ed & Sundby 1982 60 50 10 16. 67 40
Roberts Davi s, Phon.
pet al 1982 75 31 44 58.67 40
Al berti, Hyde Qoel. -
nmetal (1983) 1983 234 204 30 12.82 40 dB
Dur |l eKP&K-Sm t h,
Edwar ds, Hyde 1983 1564 1270 294 18.80 30 dB
Stein, ozdanar,
Kraus & Paton 1983 100 89 11 11.00 40 dB
Denni s, Shel don,
Toubas & Mecaff ee 1984 200 177 23 11.50 30 dB
Shannon, -Faix.,
Keunmhol i et al 1984 168 147 21 12.50 25
Fria, Kurmn,
Ashoff & Senclarr
Giffith 1984 500 434 66 13.20 30
Jacobson & Mor eh-
ouse 1984 176 141 5 19.88 30
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It has been well established that B.S.E R A can be used
effectively as a screening tool. Bradf ord, Boudin & Conway
et al (1985), did a study on 117 Mewborn infants of |ess than
33 weeks of Gestational Age. Potentials were found to be
absent in 10 of the 117. Qut of the 10, 9 were found to have
SN hearing loss and | had severe otitis nedia. On
rechecki ng, none of the 107 had hearing | oss. On the basis
of their findings they concluded that BSERA is an accurate
method of identifying SN hearing loss in very pre term

i nfants.

Levi, Tell & Feinir Esser (1983) did a study in which
they have used BSERA along with behavioral audionetry for
early detection of hearing loss in infants and young
chi | dren. They conpared 65 hearing inpaired children for
whom bot h the behavi oral audi onmetry and BSERA were avail abl e.
They found correl ation between the two in 61 of children; and
in a second conparison of 27 infants, 23 were found to be at
risk for hearing |oss. Hence the authors recomend the use
of BSERA as early as possible especially in infants

classified as at risk for hearing | oss.

Despite the above reported findings, not all studies
have shown the BSERA to be an indi spensabl e screening tool
Abr anovi ch, Hyde & Alberti et al (1987) did pre-discharge
screening on infants using click stimuli presented at 30 and

40 dB nHL. At 3-4 nonths followup detail ed BSERA was done
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to assess the stability of predischaege findings. In this
threshold for <clicks, tonepip of 500 Hz & 1 KHz. were
determ ned. When these findings were conpared with the pre-
di schange findings, they found that at both intensities the
failure rates halved in the latter group. They suggest ed
that environnmental effects, such as anbient noise m ght have
contributed to considerable failure rates in the initial
screeni ng. Hence, they recommend that screening nust not be
done in newborns as it has substantial inherent inaccuracy.
Instead of this, detailed audionetric evaluation can be done
straight at 4 nonths and subsequent habilitation can be

initiated if needed.

Summary: |) On the whole nobst of the studies show that ABR
can be effectively used for screening procedure.

2) Screening level recomended is 30 or 40 dB HL. Testing is
done at single frequency-either 4 KHz or 500Hz is chosen.

3) ABR can be used along wth Hgh R sk Register in a
pediatric set-up. however, its wusefulness or specility

depends on repeated testing and follow up.

ABR usi ng Bone—onducted stinuli: - VWhile doing testing with

BSERA, we often find discrepancy between initial ABR
screening & follow up testing. This may be possibly due to
1) Mddle ear infections found in the ICU

2) Infant BSERA is difficult to identify & separate as the

infants auditory systemis not mature at birth.
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Under such conditions, Bone-conduction BSERA have been
found to be useful. Apart front this, Bone-conduction BSERA
hel ps in identifying any conductive conponent present in the

hearing | oss.

However there are certain pitfalls in using B.C stinulil-
1) When bone vibrator is driven at high intensities, there
may be generation of huge stinmulus artifacts which may

obscure the 1-2 nsec of ABR .

2) There is also subject variability in transm ssion of
vibratory stimuli minly due to individual difference in
skul | i npedance.

3) Interpretation of B.C ABR is difficult as the skull and
auditory system are undergoing changes during the early

stages of life.

Hence know edge of the developnental aspects of Bone
Conduction ABR is needed. Research has been done to eval uate
the effects of various vibrator placenent on BC ABR and to
estimate the interaural attentuation of B.C stimuli during

early period of life.
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A study has been done by Edward Y. Y., Allen, R1 and
others (1987) wusing B. C. stinuli. Subject groups included
were newborns, 1 year old and adults. Different placenent
sites for vibrator was used which included frontal, occipital
& tenporal Dbones. In the latter vibrator was placed

ipsilateral to reference el ectrode.

I n neonates tenporal bone yielded shortest Wave V,while
frontal yielded the longest. Wave V latency from AC ABR was

| onger than from bone stinulation.

In 1 year old & adults, tenporal placenment showed the
shortest |atency. Wave V latency for air conduction was
shorter than from bone conduction at click levels of 35 dB

nHL.

Studies have also been done wusing B.C stimuli on
prematures. In a study by Hooks & Weber (1984) 40 premature
infants were tested with both air & bone conducted stinmuli.
Bone-conducted stinuli resulted in a nore identifiable. ABR
and greater nunber of subjects passed the hearing screening.
B.C audionetry is feasible technique with premature infants.
Due to lower frequency conposition of the bone conducted
click, it my be nore effective than AC stimuli when an
immture cochlea is being evaluated. BC ABR was observed
even at 30 dB HL. & the nean |atencies were actually shorter

than A.C. ABR



These studies show that Bone conduction ABR can be used
especially while testing neonates & prematures, as they show
better responses wth Bone-conduction than A C stinuli.

Al so, the presence of conductive hearing loss can be

effectively ruled out.

Sunmary: Above chapter gave a brief review on the findings
of BSERA in children with normal hearing. Follow ng chapter
will give a review of the different ABR findings in other

i nfant popul ations nanely those with hearing loss and the

mul ti ply handi capped.



CHAPTER 1V

ABR |IN THE MJILTI PLY HANDI CAPPED POPULATI ON

The maj or audionetric application of the auditory brain-
stem response (ABR) is with the difficult to-test patient
ie., The infant at risk for hearing inmpairnent or the child
too inpaired physically or nentally to cooperate for
behavi oral testings. Though the clinical value of ABR with
both the infant and nmultiply handi capped was recogni sed early
(Hecox & Gal ambos, 1974; Schul man, Gal anbos-& Gal anbos, 1975)
the potential of ABR with the multiply handicapped is only

now beginning to be fully realised.

ABR is both a test of audiological and neurological
function. Thus it offers a neans to identify hearing |oss,
and In addi ti on, it provi des I nformation on t he
neur oanat om c. or neur ophysi o Logi cal nature of the pervasive

brain dysfunction suggested by the sensory, cognitive and
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motor deficits found anong the developnentally disabled.
Finally, it may also reveal forns of auditory processing
deficits wunique to sub- populations of the retarded, or

children with | anguage | earning disorders.

The followi ng chapter gives a brief review on the ABR
findings in children with hearing problens of different
types. ABR findings in children on the follow ng areas have

been considered in detail.

BSERA findi ngs on: -
1) Children with conductive hearing | oss.
2) Children wth SN loss (Cochlear & Retrocochlear
pat hol ogy) .
3) O her special popul ations.
- Autism
- Deaf-blind.
- Downs Syndrone.
- Mentally retarded.

- Leaning disability.

4) Hearing loss resulting from diseases or infections I|ike
Meningitis; certain Syndromes in which there nmay be brain-

stem | esi on have al so been consi dered.



STock ARD ( STOCKARD L (OE N (1qe3)
' Figure: o

JINDTNGS Tw A & MomTrt OLD CHELD WITH
SEVERE OQTTITIS HEDTA-

) STMULVS A
d8 Pesel d
Lo
Qe

%70
30]Sec ittt .
R c{'.uc.x 5 6 91251
s Gbooo

STIMyLATION A ND
HA$5€EN‘
TNTERAVRAL ASYMMETRY O%F WAVE [ LATENCY.» HAvE T AMPLITUDE

—

NAVYE 1L LATENCY ProLoNngATiON WNITH As

WNITRI N NORMAL

WAS NpaRMAL: & LAMENeYy -TWNTENSTTY FunNcTIoN  NAS
LIMITS.-

JR1a- Sapo C”*‘O
AGE-E HonTH s-

_ 6“% Creoreranve

bod8

Fiyure ®

Post oPE RATIVE

i (N

- _
FaSTOPERA TIVL _Lmzm.r €s o3 WMWE T2F HaAP DECREASED (oWNSTDERA®



49

Let us consider each one in detail.

1) Conductive hearing | oss:- Any abnormality in the externa

or mddle ear wll result in a delay in transm ssion of sound
into the internal ear. As a result, a pure conductive |oss
gives rise to prolongation of the absolute l|latencies of all
the waves; with essentially normal latency intensity function
sl ope. Threshold elevation and anplitude dimnution are
often m ni mal . As there is a high incidence of mddle ear
effusions in infants, ABR abnormalities are very common in
t hese patients. Wave | latencies generally tend to be nore
prol onged than wave V resulting in a slightly shortened 1-V |
PL val ues. In cases of pure conductive type deficits Wave |
& Wave V thresholds are below 95 dB SPL. The above findings
have been reported by Stockard, Stockard & Coen (1983). Fig:

a - shows the findings of ABRin a child with otitis nedia.

Fria, T.J, Sabo, (1984) did an ABR study on 14 infants
and 12 school-age children wth history of recurrent acute
otitis nedia with effusion. Stimulus used were clicks wth
alternating polarity presented at the rate of 23/sec.
Preoperative results showed that Wave | was either not
di scernible or it showed prolongation in about 14 of the 17
ears found to have otitis nmedia wth effusion. Wave V
latency too tended to be prolonged in all the 20 ears
containing fluid; however the correlation between Wave |
| atenci es and conductive hearing |oss was greater conpared to

wave V. Post operative neasurenments showed that the

| atencies of wave | & V had decreased considerably, (Figure 8)
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The following table gives the latency values obtained

preoperatively and postoperatively.

ABR Wave I Vave V
ABR Measur enent
(nsec) OME NO o= NO
QE QM
n=16 n=4 n=16 n=4
Pr emyM ngot ony 2.2 1.4 6.9 6.2
Post nyxi ngot ony 1.6 1.4 6.2 6.2

OE - Oitis Media with effusion

Simlar findings had been reported in an earlier study
by Mendel son, Sal any, Lenoir & MKean (1975). 63 children
from 2-12 years of age were studied by Brain-Stem 5voked
audionetry and otoscopic evaluation in a prelimnary
assessment of the sensitivity of BEP |atency neasures to
m ddl e ear abnornmality. Wave | proved to be npbst sensitive
conmponent 81.25 % of subjects with ASOM and 62. 5% of subjects
with secretory otitis nedia denonstrated |atencies prolonged
by nmore than 1SD beyond the val ues seen in normals. In the
sane subjects, Wave | |atencies cane with in normal limts on

retesting after otitis had resol ved.

Many studies on animal literature have shown that
reduction of auditory input can affect the brain-stema
hi gher structures. Folsom et al., (1983) did study on 15

children with histories of recurrent nmddl e ear effusion to
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determ ne the effects of reduced auditory input on the brain-
stem function. Conparisons were made with a control group of

children with no h/o of m ddl e ear di sease.

Results of the above study showed that ABR |atency of
Il & Vth peaks, 1-V interval, L-1 function for Wave V all
showed a significant difference between the two groups. This
indicates that nuclei in the brain stem are susceptible to
deterioration and or physiological nodification as a result
of reduced input. Fluctuating hearing |loss seen in young
children due to recurrent otitis nmedia will create conditions
of decreased auditory stinulation, and results suggest that
there may be long-term central effects created which may

persist even after the m ddl e ear disease has been cl eared.

The nost striking finding in patients wth Sensory
hearing deficits are marked anplitude dimnution and
t hreshol d el evation. Peak |atencies are not necessarily
prolonged white latency-Intensity function slope my be

shal | ow, steep or nornal .

Stockard et al (1983) found that in their series of
tests done on infants with confirned Sensory hearing |oss
showed absence of response, ie absence of Wave | or a high

threshold (1.110 dB pe SPL), Ilow anplitude of Wave |. They
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also found that in 2 infants with abnormally steeply sl oping
audi ograns, Wave V threshold was within normal units. d der
infants wth sensory deficits occasionally had norma
response at noderate to high intensities but wth decreasing
stimulus intensities, response anplitudes dropped rapidly
i ndi cati ng possibility of Recruitment and peak |atencies
shifted dramatically yielding an abnormally steep |atency-
Intensity function slope. Preterm infants and infants wth
clinically apparent brain-stem disease, but with normal or
near, Nor mal hearing, occasionally showed ABR patterns
simlar to those associated wth severe SN hearing

i mpai r nent .

Fig.c Shows the responses of the ear to a click
stimulation in a premature infant with a history of birth

asphyxia & severe hyperbil urubi nem a.

At times even in SN hearing loss, thought to be of
cochlear origin; there nmay be changes which have occurred in
t he hi gher pathways nanely the brainstemor higher |levels and

earl ydetectionof suchirreversi bl eBrai nsteml esionisanust.

For instance in a study by Blegvad, B; Svane Knudson, &
Borre-s (1984)- ABR was recorded in 14 young patients wth
m | d-noderate to severe congenital/ acquired SN hearingl oss
and abnormal stapeduis reflex threshold. Speech probl ens

were nore pronounced than which would be explained from
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hearing | oss by pure-tone average. All of them gave abnornmal
ABR indicating dysfunction of the auditory brainstem pat hway
or in a few cases cochlear part of the auditory nerve was
i nvol ved. The ascertai nnent using ABR response clearly proved
that the hearing loss was not nerely due to hair-cel

degener at i on.

In sunmary, infants with Cochlear hearing loss tend to
show el evated ABR threshold , poor wave form norphol ogy. The
different peaks may be dimnished in anplitude or absent.
Along with the above results, |latency-intensity function

tends to be abnornmal .

c) Findings in Brain stem pathol ogy: -

The difference between the |atencies of the Vth peak and
1st peak is known as the inter-peak |atency difference.
Prolongation of IPL in adults correlate well with brain stem
dysfunction and pat hol ogy. Simlar findings have been found
in older infants with clinically apparent brain-stem | esions
Fig (d). Shows the interpeak |atency prolongation seen in
infants with Antley-Bixter syndrone. Brain-stem is the main
site of |esion.

Yet another wuseful index of Brain-Stem pathology is
determning the anplitude ratio of Wave IV/V to that of |
(Itmv I11). Hecox & Cone found a perfect correlation between
this ratio which tends to be reduced in severe and

irreversi ble neurological disability.
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Stockard et al (1983) have reported that ABR in severely
asphyxi ated newborns and newborns wth najor nmalformations
involving the posterior fossa.a or having severe brain-stem
dysfunction, often showed either absence of | ater wave conponent s
(Waves, IIl, 1V, & V) or reduction of the V/I anplitude

ratio.

Studi es have been done to determine the enact site of
lesion in several pathological <condition |ike Brain-Stem
gl i onmas. ABR findings have been correlated with that of CAT
scan findings to increase the validity. The criteria used
for assessnment are: -

1) Peak-latency 2) Intra peak latency 3) Inter-peak |atencies
4) Response stability 5) Anplitude 6) Wave Shape (Morphol ogy

7) Peak presence.

The often frequent findings in cases of Brain-Stem dionm was
a) Prolongation of absolute latency b) Increased central
conduction tinme, c) Becreased anplitude and d) Poor waveform
nmor phol ogy. This has been given in a study by Lenhardt
(1981).

ABR studies have also been done on infants wth
peri natal changes to evaluate the hearing |evel and also the
changes that have occurred at higher |evels. Kileny, Connely
& Robertson- recorded ABR from 14 asphyxi ated newborns wth

clinical evidence of CNS suppression. They were matched with
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a control group of normal healthy neonates. In genera
| onger ABR | atency val ues and abnormal |1COPL val ues were found

in children with perinatal Asphyxia.

IV ABR findings In other Special Popul ation

1) Down's Syndrome:- This syndrone can be easily identified

by the characteristic physical and behavioral signs. There
has been well established reports of anatom c abnormalities
in the cochlear and neural structure |ike shortened cochl ear
spirals, disorders of the vestibular system reduced wei ght
of the cerebellum suggesting |ack of developnment of these
structures in children with Down's syndrone,. I nconpl et e
nmyel i nati on and cellul ar agenesis have al so been reported.
Squi res, Aine, Buchwald, Norman, (Sal-Braith (1980) conpared
the ABR s of 10 Down's Syndrome retarded nale adults and 15
mal e adults of unknown etiology with 15 non-retarded contro
as a function of stinmulus intensity and repetition rate, Two
characteristic findings were denonstrated in the Down's

syndrone group.

a) They showed shorter inter wave intervals (IW) and an
overal |l decrease of central conduction tinme as reflected by a
shortened Wave |-V interval. Thi s abnormal transm ssion was
due to a selective shortening of the I-I1 and 1I11-1V

i nterval s.



Fig 1.—Auditory brain-stem response resuits from two selected subjects in each groyp,
values for these subjects approximate respective group means. Verlical dotted lineg
position of waves |, Ill, and V in control group. Intensity, 60 dBnHL; rate, 13.3/¢; gy

sweeps.
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b) Downs syndronme group also showed significantly |ess

change in Wave V latency with increased rate of Stinulation.

Consi stent with the above findings are those of Fol som
Wden & Wlson (1983). They did a study on 38 subjects with
Downs syndrone at ages of 3 weeks, 6 weeks 12 nonths. They
were conpared with 35 normally developing infants at the
sane age-level.An attenpt was nade to delienate age dependant
and intensity-dependant |atency changes in this popul ation.
They could not find any difference between groups for wave |
or for Wave |-V values at any age but at 12 nonths, Down's
Syndrone group showed shorter wave V latencies and steeper
| atency-Intensity functions at 40 and 60 dB nH. than the

control s.

Fig E Shows the findings obtained in children wth Downs
syndr orre.

Further evidences of differences in the ABR patterns of
individuals with Downs syndrone was found by Gal braith,
Ai ne, Squares & Buchwald (1983). They took 35 nal e retarded
as subjects-14 were with Downs syndronme and 21 were those
with retardation of unknown eti ol ogy. Down' s syndrone
children were found to have significantly smaller anplitude of
waves Il & Ill, shorter latencies for Waves IlIl and V and
shorter interwave conduction tines (I-111 and [-V) conpared

wi th the unknown etiol ogy retarded group.
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When binaural interaction neasures were used, they did
not find any difference between the Downs syndrone group and
the other retarded or normal group. Hence they proposed that
significantly smaller overall anplitudes of the ABR waves
seen in Downs syndrone, may be due to the brain-stem pool

generating ABR being abnormally small as avari abl e.

Thus majority of the ABR studies on children with Downs
syndrone report significantly shorter I|atencies, snaller
anplitudes, and reduction on the interwave intervals. Al so
Wave V latency does not show any change when the repetition

rate is altered.

Infantile Autism- There has been diverse opinions regarding

this condition. Despite these, there has been general
agreenent that brain stem dysfunction may result in altered
auditory input, severe enough to account for the failure of

autistic children to develop specific skills in these area.

One of the earliest studies on these autistic children
has been by Sohner & Student (1977). 3 groups of children
Cl3 wth autism,16 wth MBD and 10 wth Psychonotor
Retardation) were tested. ABR was absent in 4 children
suggesting cochlear hearing loss in addition to autistic
traits. O her children had ABR at normal threshold val ues,

but the latency of each response wave was significantly
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| onger than normal. These findings seens to support the
hypot hesis that the abnormal behavior seen in these children

may be due to an organic | esion.

Rosenblum et al., (1980) in their study of 6 autistic
children well matched for age and sex with 6 normal children
found significantly Jlonger ABR latencies and central
conduction tinme in the autistic group. Al so, the autistic
children showed significantly nore variability than did the

normal control group.

Tanguay & Edwards (1982) after their own study accepted
the possibility that sonme autistic children may have
abnormalities in auditory reception due to abnormal brain-
stem processing of auditory input. They used 16 autistic and
16 matched control subjects. They found two types of ABR

abnormalities in the autistic group:-

1) Belay in Wave | latency primarily in response to right ear
stimul ati on.

2) Increased interwave |latencies for Waves I-I1l, 1Il1-V or I-
V. Based on these findings , they advanced an interpretation
that brain-stem dysfunction leading to a distortion to
auditory EP to the forebrain may have been present during the

critical phase of early post-natal devel opnent.
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(In the whole, these studies have shown that ABR shows
abnormalities in the autistic children nanely prol ongation of

the various waves and increase in the central conduction

time.

Findings in Deaf-Blind: In these children, doing routine
audionetry is often difficult and will not yield accurate
results. Hence BSERA is a nore useful nethod as it is
obj ective nethod. Few studi es have been done using BSERA on

this popul ation.

Stein, Ozdamar and Schnabel (1981) have reported ABR
findings wwth 79 severely devel opnentally del ayed infants and
children suspected of being both blind & deaf. O the 79
children, 34 denonstrated click threshold in the 0-30 dBHL
range, 16 in the 40-70 dB HL range 3 in the 80-90 dB HL
range. and 26 had no response to 90 dB stinuli. These 26
children were later judged to be severely hearing inpaired or
deaf .

However they also reasoned that absent ABR or elevated
Wave V threshold believed to reflect hearing |oss may be due
to concom tant brai n-stem involvenent which may have
conmprom sed the ABR, their by leading to an overstimtion of
the actual severity of hearing | oss.

The principle conclusion was high percentage of nultiply
handi capped chil dren who appear to be deaf may not be hearing

i mpai r ed.
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These findings were confirmed by the study done by

Sohoel, Ma et al., (1979); and Harris, Mollerstorm& Brons
(1981). In 12 of 22 children earlier regarded as havi ng sone
degree of hearing |oss, Sohoel et al., (1979) reported ABR

thresholds consistent with normal hearing sensitivity was

reveal ed on later foll ow up.

ABR findings on the |earning disabled:-

Earlier literature suggests that sone |earning disabled
children denonstrate neurol ogical dysfunction thought to be
due to mnor defects in brain-stem level auditory
functioning. Ayres (1972) has stated that the soft signs of
Brain-stem involvenment are evident in many children wth
[ earning disabilities. Al so these children have been found
to show poorer scores on tests which evaluate the brain-stem
integrity |like the Masking-level Difference, and the Binaural
fusion tasks. Sohmer and Student (1978) obtained click-
evoked ABR s on children exhibiting various neuropathol ogi es.
They found |onger response latencies in about 16 of the

children having mnimal brain dysfunction.

However the findings of abnormal ABR are not equivocal
Several other studies done in the recent years have failed to

denonstrate abnormal ABR in this popul ati on.
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Roush, J and Tait, CA (1983) did a study on 20 boys
aged 9-14 years all classified as |earning disabled. The
results were conpared with a control group consisting of 10
normal public school boys aged 10-14 yrs. Resul ts showed
that none the absolute l|latencies for waves-1, IIl, 11l-V &
|-V, showed any significant difference between the two
groups. (neans.) Further nore, none of the |earning disabled
subjects exhibited interwave latencies > 2 S. D from the

controls.

Roush & Tait (1984) in yet another study of 18 | earning
di sabled children again failed to show any significant
di fference between this group and normals. They did binaura
fusion task for diotically and dichotically presented
passbands of filtered speech, masking level difference and
ABR recordings for both the groups. They found normal M.D
val ues & nornmal ABR on both the groups. Also both the groups
exhibited superiority of diotic over dichotic [|istening
per f or mance. Hence brain-stem may not be the site of

dysfunction in such children.

In the earlier studies the children studied have been an
het er ogenous popul ation, but in one study by Gontved, A
Walter, B & Gronbors, A, (1988) they have taken only severely
constitutionally dyslexic children. ABR were perforned
prospectively in 24 such children. The results were conpared

with a corresponding group of normal children. The response
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|atencies of the two groups were alnost identical. Hence
they conclude that dysfunction of the brain-stem auditory
pat hways should not be expected in constitutionally dyslexic

chil dr en.

On the whole, the finding are contradictory with few
studies reporting normal ABR and few other studies show ng

ABR abnormalities in Dyslexic children.

ABR finding on the Mentally Retarded (MR - It may be

difficult to ascertain the exact thresholds in certain
mentally retarded using behavioral audionetry as they may be
unabl e to conprehend the instructions. |In such cases. BSERA
may be a nore objective neasure. If there is no hearing |loss
complicating nmental retardation, then the ABR findings are

not significantly different formthat of nornals.

Harnes, Brons & {Kollerstorm (1981) did a study on 13
children with MR on whom hearing |oss was suspected and
hearing aids too were tried. Qut of the 13, there was
agreement with earlier estimation in about 20% In 5 cases
the ABR findings indicated a normal peripheral auditory
function which neant that hearing aids could be discarded.
This study agrees with Sohnmer & Student (1978) & Sohoel et al
(1979) on the useful ness of ABR this group of patient.
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ABR Findings |In other diseases

1) Infantile Spasns :- This includes notor abnormalities,

abnormal EEG and nental retardation. These infants are
frequently suspected of having an associated hearing

inmpairnment as they tend to be behaviorally in responsive to

sound. Kaga, Marsh & Fukuyama (1982) conpared ABR and
behavi oral audionetric findings in 30 infants. They found
ABR thresholds were elevated in early 27% They al so

reported ABR evidence for brain-stem dysfunction in 30 % of

the patients with infantile spasns.

b) Hydr ocephal us: - In this condition, there is an

enl argenment of the ventricular system as a result of an
i mbal ance between production and absorption of CSF. ABR was
neasured in 40 patients wth confirmed hydrocephalus by
kraus, Ozdamar et al (1984). Responses indicative of brain-
stem dysfunction seen include prolonged [-1V inter Wave
| atency, reduced V/I anplitude ratio and abnormal norphol ogy

of waves Il & V.

Bactarial Mningitis:- This condition can result in hearing

loss as a conplication. Early assessnment of such hearing
loss is possible using ABR Ozdamar, Kraus & Laszlostein
(1988) did a study on 60 patients recovering from Bacteri al
meni ngitis. ABR results were consistent with unilateral or
Bilateral hearing loss in 35% of the cases tested. O these

15% were found to have conductive hearing |l oss 12% were found
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to have SN hearing loss, remaining 8% had elevated ABR
thresholds. Totally, 120 ears were tested and the results
were classified as follows-normal, border-line, normal,

conductive, senorineural and neurol ogic.

Al'l patients in normal category had ABR thresholds <
than or equal to 20 dB HL. Their inter wave |atencies and
| at ency. - Intensity functions were within 2 S Ds of the
nornms for the appropriate age group. Patients w th normnal
interwave |atencies but abnormal |atency-intensity functions
and elevated thresholds were classified as having hearing
| oss. Conductive loss group consisted of those who had
| atency-Intensity functions shifted along the intensity axis,
while SN |loss group had no ABR response at 90 dB and bel ow,
or L-1-F which were outside the normal range. As neningitis
typically affects young children who are difficult to test
with conventional audionetry, they concluded that ABR m ght
provide an effective nmeans of testing hearing in this

popul ati on.

D) There have been few ABR studies in children show ng
pecul i ar behavioral/ and neurol ogical nanifestations. For
i nstance Xaga. K-Yokochi. K et al (1986) have reported a
syndrome in 5 male patients all of whom showed 1) Absence of
all conponents of ABR except Waves | &l 1.

2) Congenital pendul ar Nystagmus

3) General hypotonia of head & linbs in early infants.
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On the basis of the above findings congenital brainstem
abnormalities were strongly suspected. Wen ABR was
repeated, it showed neither inprovenment nor deterioration.
Thus it was concluded that the lesion involved the |ow brain

stemprimarily and it was a non progressive one.

ABR has also been tried out in children wth
Friedrich's ataxia. Jabbari, Shwartz, Macneil. Coker (1984)
did a study on 5 children with classic Friedrich/s ataxia.
An audi ol ogical test battery was adm nistered and the results

showed that brainstemmay be the primary site of dysfunction.

Concl usion:- The above chapter gave a brief review on the

findings of ABR in infants population with hearing |oss.
Also ABR findings in certain disorders |like Autism Downs
Syndrone where the structures involved in generating ABR, may
be involved have al so been considered. The follow ng chapter
will give an insight into the application of BSERA in the
rehabi tation aspects nanely its wusefulness in hearing aid

sel ection procedure.
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Auditory Brain stemresponse : Hearing Aid Applications : —

The preceding chapters gave a detailed description of
the electrophysjcological basis of the response, methods
utilized in generation and recording, its clinica
application to early identification, differential diagnosis
and neurol ogical function. This chapter will further
exemplify the versatility of ABR in the field of auditory

habilitation.

Need for ABR in hearing aid Evaluation :-

In hearing inpaired patients, it is essential that they
be fitted with the most appropriate hearing aid, as early as
possi ble. Hearing aid selection is one of the difficult tasks
and most of the present procedures can be consideredtobein
devel opmental stages. The basic problem in fitting infants
with hearing aids is that the clinician is faced with making
clinical determnations on difficult to obtain and often
questionable nonverbal dat a. In such populations, an
obj ective met hod for determ ning the useful ness of
amplification is needed. Early attempts in wusing such an
objective method - namely ABR was tried out by Hecox,
Breuni nger and Krebs (1975) & Mokotoff & Krebs (1976) who
were among the first to generate ABR responses under
amplification from normal and hearing - inpaired adults.
These studies were optimstic that a valid ABR-HAE would
eventually be realised fore infants, young children and

difficult to test populations. Due to the conplex nature of
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the subject, a variety of different nethodologies were
proposed including an aided ABR wave V |atency paradigm wave
V Amplitude -intensity (A1) growmh and a conbination of ABR
[atency and anplitude determ nations. These efforts are

reviewed in this chapter

| nstrument ati on: - Any ABR equipnment wused for diagnostic
pur poses can be used for hearing aid evaluation also. However
one prerequisite is that the anmbient room noi se nust be kept

| ow or el se poor aided wave form norphology will result.

The stimulus nmay be presented at a specified distance
fromthe hearing aid m crophone. Though both | oudspeakers and
ear phones have been used as transducers, many favor the
latter as it maintains the a acoustic qualities of
conventional ABR stinmuli. The infants are usually tested when

they are fast asleep.

However there are certain factors which nust be taken

care of in doing hearing aid evaluation using ABR

1) Transducer distance:- The obvious effect of noving a
transducer fromthe ear and stinulating at a distance will be

an increase in the waveform | at ency.
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Mahoney, T. A. (1985 ) recommends a distance of 8cm from
the hearing aid mcrophone, a distance which significantly
reduces radiation artifact and yet allows for adequate
stimulus intensity. This distance anmpunts to an approxinmate

0.25 nsec di stance correction factor.

2) Radi ation Artifact :- Wenever a sound is generated by a

conversion of electrical to acoustical energy, a certain
amount of energy is lost in the form of radiant electrica

waves. These are referred to as electrostatic or electro-
magnetic artifacts. This can arise when earphone is activated
by high intensities. The energy thus radiated can be picked
by the surface el ectrodes which are in close proximty. Also
in aided condition, the addition of an anplifier close to the
recording electrodes can also cause artifact contam nation

Hence these artifacts should be kept to a mninumas they can

contam nate the average response obtai ned.

3) Signal procesi ng: - Auditory clicks are the conmmonly

used ABR stimulus as its abrupt rise tine elicits maxinm
response from primary auditory neurons in the acoustic nerve

and brain - stem

Anot her aspect to be considered is the effect of
anplification on the ABR stinmulus. |In transducing the signa
the anplifying device may alter frequency and tenpora

paranmeters. Although hearing aids have recently undergone
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drastic electronic inprovenents harnonic, transient and inter
nodul ation distortion remains all off which may inpose

changes in ABR stinul us.
The above factors nust be considered in interpreting the
aided and wunaided results wusing ABR for hearing aid

eval uati ons.

Applications :- Various ABR hearing aid eval uation procedures

have recently energed. There has been an attenpts to
synt hesi ze, information into several maj or eval uation
strategies, discussing possible advantages and di sadvant ages

whenever appl i cabl e.

The various proposed hearing aid evaluation procedures
can be categorised into those utilising ayjwave V threshold,

b) | at ency andc) Anpl i t ude.

ABM Threshold Methods :- In this, difference in threshold

between the wunaided and aided conditions are wused to
interpret the usefulness of anplification. For determning
this, wave V peak is used and the lowest intensity at which
the V peak is elicited is taken as the threshold. In
presenting case reports from young and difficult to test
patients, Kileny (1982) al so suggested that aided ABR
threshold can be used to predict the feasibility of

anplification and in selecting the ear to be anplified.
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In a study by Kileny, (1982) they have tried to use

Auditory Brain Stem Response as indicators of effective
anplification. 1In their study, brain stem responses were
recorded by a vertex to | psil ateral ear | obe-surface

el ectrodes configuration. Contralateral earlobe served as
gr ound. Clicks were obtained by delivering 100 us duration
rectangul ar pulses alternated in polarity and presented at a

rate of 17/sec.

Initially unaided ABR thresholds were obtained. Then a
hearing aid was placed on the patients ear. dick stinmulus
was delivered tothe aided ear by TDH - 39 earphone kept at a
di stance of 5cm from the mcrophone of the hearing aid.
Depending on the necessity to nask, contralateral ear was

| eft open or covered.

In their case reported, there were no unai ded responses
obtained bilaterally. Using an aid,well defined typical Brain
- stem responses were evident down to 30 dBHL in the right
ear In the left ear, aided responses were poorly defined and
the aided threshold was around 50 dB. Based on this, right
ear was aided. Thus in this study, threshold has been used as
a criteria in assessing aided & unaided performance. Fi gure

shows the aided and unai ded response.
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Al t hough ai ded ABR threshol ds provide necessary gain and
out put neasures, they do not provide the nore valuable
information concerning the dynamic hearing aid function.
Hence wave V l|atency and anplitude have undergone serious

investigation in ABR Hearing aid eval uation.

ABR Lat ency Met hods : -

Cox & Metz, (1980) ; Hecox (1983) have all suggested the
use of ABR wave V absolute latency or latency - Intensity
slope to predict appropriate hearing aid specifications. The
basi ¢ assunptions are that normal. L-I slope suggests nornal
dynam c | oudness function and normal wave V |atencies require
an intact auditory system upto the neural generator. It
follows that if a hearing aid can be adjusted in gain out put
and conpression characteristics to generate as normal an ABR
as possible in a pathological ear, this procedure has nerit

as a tool for evaluation of anplification.

Cox & Metz (1980) presented data from 8 hearing aid
users, who were given standard behavioral tests, aided speech
discrimnation tests in quiet and in noise, unaided versus
aided click and tone - pip elicited ABR s. At a sound field
| evel corresponding to the recommended 50 dB HIL for speech
audi oneters, a variable hearing aid was adjusted to 3
different settings. L-I function were obtained at 10dB above
and below confort, and ABR threshold,|atency - data were rank

ordered into 3 hearing |loss categories. ABR ranking was
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determned by hearing aid setting that produced the shortest
wave V Jlatencies and |lowest wave V thresholds. Speech
discrimnation scores too were ranked according to best
conbi ned scores for quiet & noise. On the whole they found
that hearing aid setting which produced the best speech

di scrim nation scores produced shortest wave V | atencies.

Anot her ABR | atency based study was presented by Hecox
(1983) who asserted that the main contribution of ABR was in

characterising the dynamc range of the inpaired |istener.

In this study, adult subjects aged 18-56 years were used
who had considerable variation in degree and pattern of
audi onetric inpairnment. The dependant vari abl es consi dered
in the unaided and aided condition were the absolute |atency
of Wave V and slope of the latency and intensity function.
Patients were first tested without hearing aids & later with
the hearing aids in place at the patients preferred hearing-
aid setting. A conparison of responses was nmade with and
wi thout the anplification device to determ ne the degree of
inmprovenent in both the absolute latencies and |atency

intensity functions.

The results obtained were classified as

a) Sati sfactory Response: - Responses considered were

satisfactory if there is a marked inprovenent in wave V

| atency and decrease in signal intensity required to elicit
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an equi valent wave V latency in the aided condition. This is

shown in fig 1.

b) Unsati sfactory Response:- When there was no inprovenent

in threshold seen in aided condition. This is shown in fig
2., \ere the results show no change in the aided condition.
c) Recruiting pattern:- Fig 3 illustrate the phenonenon of

el ectrophysiological R The figure shows that in the unai ded
condition, the slope was greater than 400 nmsec/ dB. However
with the introduction of an conpression anplification system
slope nornmalised to 67 nsec/dB , so that effective dynamc

range increased.

d) Central Auditory dysfunction:- |[IM such a patient, ABR

responses were nornal but he did not benefi t from

anplification.

ABR Anplitude nethods: - Amplitude neasures have been

investigated considerably in ABR hearing aid evaluation.
Rel ative intrasubject ABR Wave V anplitude growh has been

proposed as a direct index of cochlear |oudness function,

offering a valid electrophysiological index of preferred
anplification characteristics. Keissling (1982) wused an
unaided ABR projection system based on nornal and

pat hol ogi cal anplitude grow h, to prescribe appropriate

hearing-aid gain conpression ratio and conpression onset.
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Asserting that ABR anplitudes correlate with actual |oudness
perception, Keissling suggested that hearing aid settings,

can be adjusted in accordance with anplitude nornmalisation.

The work of Keissling (1982) too has indicated that Wave
V anplitude nay be nore sensitive than Wave V latency as an
i ndex of pathological |oudness in SN hearing inpairnent and
the anplitude intensity function my be nore wuseful in
determ ni ng gai n, dynam c range, conpression type conpression

factor & conpression onset |evel.

Thus there are variety of hearing aid evaluation
procedures possible with the ABR Few investigators |Iike
Stecker (1982) reported on the wuse of a conbination of
threshold, |atency and anplitude measurenments in ABR hearing

ai d eval uati ons.

Limtations:- Many investigators who have had experience in

the ABR hearing aid applications outline various limtations
of the procedure. Most controversial is the notion that
hearing aids wth conpression circuits cannot be eval uated
because their circuits cannot allow the very fast stimulus

rise tinme needed to elicit an ABR

2) A nore wuniversally accepted limtation is the high
frequency enphasis of the ABR hearing aid evaluation

procedure. This is in concurrence with its & Martin (1977)
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and Holier & Blegvad (1976), who show that click-generated
ABR reflects primarily the frequency range of 1000-4000 Hz.
Thus limtation is not overly concerning as frequencies above

1 KHz are inportant for intelligibility.

3) ABR cannot be wused for anplification in severe and

prof ound hearing | osses.

Sunmar y- Despite these limtations, future directions in

ABR hearing aid evaluations present inciting possibilities.

There are many diverse approaches to hearing aid
eval uati ons, and they provide a dynamic assessnent of
suprathreshold & threshold auditory functions. In review ng
the favorable results of several energing hearing aid
eval uation strategies, one can conclude that this procedure

is probably forthcomng in the near future.
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CHAPTER - VI

Summmary:

In this project an attenpt has been made to provide a
conci se report of the usefulness of BSERA in children. BSERA
findingsseen in normal pediatric population, in children with
hearing loss of different types and other retrocochlear
pat hol ogi es have been reviewed. Finally, useful ness of BSERA

in heari ng ai d sel ection has been consi der ed.

In the chapter titled Instrunentation', the equipnent
needed for testing, and functions of the several conponents
have been consi dered. Along with this, several factors
whi ch can affect the test procedure and the results obtained

have al so been consi der ed.

In the next chapter titled Nornative data’ BSERA
findingsin children with normal hearing starting from pre
term babies (age at which different waves make their first
appearance) till the age - level when different waves are
stabilised have been reviewed. Different response paraneters
like latency, anplitude and thresholds have been considered
and the ages at which these different parameters attain adult
val ues are given. Apart from response paraneters, signal
paraneters have also been taken into accounts. BSERA finding
in children on bone -conducted click stinulation, Rree -field
stinmulation have also been considered. Finally, t he

applicability of ABR a screening tool has been discussed.
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In the next chapter entitled " BSERA findings in the
multiple handicapped " BSERA findings in children wth
hearing losses of different types and other retrocochl ear
di sorders have been consi der ed.

The final chapter " ABR in hearing aid utilisation "
di scusses the recent advance in BSERA - nanely its useful ness

in hearing aid sel ection procedures.
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