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CHAPTER |

| NTRCDUCT! ON

Hearing is the nost expedi ant basis for normal |anguage
acquisition, and |anguage is the key-stone of nodern society
Hearing loss nust he identified as early as possible in the
first 2 years of life sothat its effects may be di mni shed
to a certain degree and that he may mature to a full role

In the society.

"The ability to speak and the precious gift of
| anguage is peculiar toman, and it is this wonderful
faculty which, by enabling himto speak and to listen to
other's thoughts and i deas, has nade himsuprene in the
ki ngdomof living creatures. It is not certainly his
ability toswm run, clinb or exert his strength that
has earned himthis superiority. |f one could inmagine an
Aynpic contest for all living creatures, nman woul d not
even gain a bronze nedal in any event. But if there were
a contest for oratory, man would be the only entrant, for
only he can voice his thoughts; it is true that certain
birds, notably parrots can i mtate hunman speech sounds,
but they have no appreciation of |anguage"- Sir Terrance
Cawt horne (1956). He continues......... .. .. . one of
the loveliest events of which every parent of a norna
child is an entranced witness, is the gradual change

frombabbling into words which may occur after a year.
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By far the commonest cause of any delay in the devel opnent
of speech is an inperfection in the organ of hearing which
prevents the infant fromhearing properly the words and

sent ences.

Auditory conpetence, that is, the ability to code and
organi ze acoustic informati on cannot be neasured solely in
terns of threshold acuity. GConnections nust be nade between
the functions being neasured at different age |evels and

status of underlying nmechani sns at those age | evels.

The audiologist's inquiry starts with the very begi nni ngs
of deafness at birth and proceeds to continued identification
of hearing status followng birth. The three lines of
I nquiry bei ng —detection of suspected hearing | oss, follow up,
I dentification of hearing status, and prediction of best
direction, habilitation mght take are of deep concern to

t he paedeatric audi ol ogi st.

Response is a criterion to be |ooked into while testing
of the paedeatric popul ation. overt responses or their
| ack may not nmean anything - Not every child who fails to
respond to sounds is deaf. Lack of direct relationship
bet ween poor responsiveness to sound and pat hol ogy of organ
of hearing is frequently encountered in children. The
younger the child, the greater is the possibility of such

a di screpancy being present. Therefore, the diagnostician
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of auditory disorders in young children is confronted with
the additional obligation of ascertaining not only whether

i npai red hearing, acuity is present but al so, whether other
types of auditory disorders which sumate deafness are
present. This creates an additional problemfor differential

di agnosi s.

Hearing can be eval uated adequately only when it is
considered in relation to the child s total devel opnment and
behavi our. This enphasizes the rationale and the basis of

the concept of auditory disorders in children.

The di agnostician who over-sinplifies auditory functioning
and assumes a direct relationship between inadequate response
to sound and inpaired acuity, wll erroneously diagnose
certain children as deaf. Such a diagnosis can be nade with
assurance, only after other conditions which sinulate deaf -
ness have been carefully considered and differentially eli-

m nated. Likewi se, it assumes that hearing is not eval uated
only in ternms of responses to intensity. Auditory behavi our
is evaluated in relation to general behaviour and specifically
inrelation to the child' s physical, nmental and enoti onal

devel opnment. The di agnostician of auditory disorders in
children with the paradox of children maki ng no obvi ous
response to sound al t hough having nornmal hearing, and of
children responding normally to certain sounds although they

have a significant |oss of hearing.



The purpose of the present report is to review
extensively the tests which have been carried out for
new born and neo-natal testing; their limtations and
scope. It will also plead the necessity and rel evance

of such problens in early rehabilitative efforts.
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CHAPTER I

DEVELCPMENT OF HEARI NG

"The Infant Learns to Listen In order That He
May Listen To Learn" (Zgnond and Cicci, 1968).

Al'l normal infants growfirst into children and then
into adults which is no surprise. This sequence inplies
several characteristics about devel opnent.

1) It is an orderly change.

2) It is directional.

3) It is cunulative to a large extent.

4) It is characterized by an increased differentiation and

conpl ex organi sation

Sequences of devel opment often proceed from sinpler
nore gl obal behaviours to increasingly differentiated but

integrated sets of behaviours.

DEVELOPMVENT OF AUDI TORY BEHAVI OUR

Qur | anguage systemis a spoken system and al t hough
hearing alone is not sufficient to account for |anguage
devel opnent, there is a great inportance of audition in the
total communication process. Just as language is a devel op-
mental process, so also the audition follows a devel opnent al
sequence. "In every day life, the ability to perceive
different sounds in different ways at the same tine are
taken for granted the different kinds and |levels of auditory
behavi our. They testify to man's extra-ordinary auditory
conpetence and reflect at the fact that hearing is not an

uni taryfunction



- 6-

Most of the study of auditory behaviour is inrela-
tion to chronol ogi cal age, which nmakes good sense to the
clinician who nmust judge the children's responses at all
ages. Thus a reviewof literature fromany discipline

specific, naturally starts fromthe prenatal stage.

PRENATAL HEARI NG

The phenonenon of prenatal hearing useful in predicting
psychol ogic attributes of |ater responses to various sound
patterns. It would be of great interest to knowif a foetus
that carries known recessive genes for deafness, has nor nal

hearing before birth.

Hliott and Elliot (1964) confirnmed physiol ogically
that the hunman cochl ea had normal adult function after 20th

week of gestation.

Johnannson (1964) reported of prenatal hearing, by
usi ng hi gh frequency puretones presented by neans of a m c-
rophone pl aced on the nother's abdonen, increase in fetal
heart rate was taken as response. They reported of this
after 20th week of gestation; thus contradicting the popul ar
belief that the child is bornin a tabula rasa. Upto 4
nmont hs the foetus xesponds to fluid borne sounds. According
to Bench (1968) the foetus was surrounded by noi se of about
72 dBSL, which nmay be considered as a too | oud environnent;

yet the foetus listens to this noise for 4 nonths.
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Foetal labyrinths are so uniformas to suggest the
size of end organ receptors may be, pre-adjusted for re-
production of the human frequency range, (E senberg,).
The cochlea is functional by the 5th nonth of gestation,
and the auditory apparatus of the 20 week foetus is stru-
cturally conparable with that of an adult. The 6 nonths
foetus responds automatically to puretones, but the
question is howthese sensory speciality and hearing
abilities relate to mature auditory functions. The firsts
"differential tuning" to the carrier frequencies of

| anguage nmay be nade in the intra uterine life.

NEVBCRN HEARI NG

The devel opnent of auditory function, inter relates
with all other sensory functions. Audition facilitates an
uni que conbi nation of expressive as well as receptive
operations whi ch have social significance of utnost inportance.
Auditory function pronotes the social well being of the infant

and the rest of the imrediate social community.

Mirphy (19 ) reports of certain interesting changes
on responsi veness where there i s an obvi ous maturation of
I nformation storage which produces two aspects of the sane
phenonenon. These are:
1. The phenonenon of selectivity where in the nornal infant

at the 3rd week after birth ceases to respond to sounds
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consistantly present in the environnent while respondi ng
often with startle or distress to uncommon sounds, even

t hough these are present at lower intensities.

2. The phenonenon of patterning as a basisfor psychosoci a
security is clearly denonstrated when the auditory environ-
ment is radically changed in the first week of life.

The prenmature infant produces a gradual nodification of

the auditory function.when testing this imature infant,
one faces the problemof the extent to which their hyper
responsi veness i s heightened by the pattern of donestic

careful excl usion of noi se.

According to Ewi ng, the devel opnent of auditory
behavi our is considered as one of the total aspect of the
experience of the child. They found that domestic noi ses
were related to general experience and used such noise to
provoke the child into social response relevant to the

soci al situation.

The stages of devel opnent of auditory responses

I nvol ves DETECTI ON, D SCR M NATI ON and RECOGN Tl ON of sounds

(Bernett). The progression starts at detection |evel,

where the sound is responded to sinply as a totality by

the the child; indicating only the awareness of the presence
of the sound. Wen a child learns to differentiate sounds
as famliar or unfamliar, discrimnation is occurring.

Local i zati on of a sound source occurs next. A sound then
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cones to be associated with a specific situation or
stimulus - a reference maki ng process which can be verbal
or nonverbal but which basically indicates that the child
has the concept of sound. The succeedi ng stages of

audi tory usage involves differentiating various sounds,

and finally imtating and understandi ng spoken | anguage.

Stecher (1964) found that if anal gesics or anesthetics
were given to the nother during delivery, CNS depression
woul d occur for a period as long as 4 days. Eisenberg(1970)
i ndi cated that newborns with CNS dysfunction could
di scrimnate sounds at birth thus indicating that their

neural systens were intact at birth.

Mur phy defines an auditory response as a response
occuring when stinmuli have been transmitted to the brainstem
via the auditory nmechanism Responses are described as
any change in state or activity which is significantly
related to a stinulus; thus making heart rate, excretion
of adrenalin, nodification of EDR, inpedence, etc as
responses when it is certain that Audi o frequency stimul

have been detected by the peripheral auditory nechani sm

According to Bench, there is a relationship between
the infant's state and the type of response. The |ower the
initial or prestinulus state, the greater the increase

inthe level of activity and viceversa.
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RESPONSES
Downs (1967) has listed the foll ow ng:

(a) Eyeblink/Eyelid activity - rapid stricture of eyelids

whi ch beings themtogether. Range of responses including
(1) Definite eyeblink, (2) Fluttering of the eyes
(3) Contraction of the eyes and eyebrows, which is foll owed

by a gri nace.

(b) Moro - violent startle reaction, jerking of the entire

body, shaking or shuddering of arns or |egs.

(c) GCessation of activity - Marked quitening of crying;

and of armand |inb novenents

Range of response (1) Stopping crying nonentarily (2) Stopping

of playing of linbs for a nonent (3) Stilting of mld

ongoi ng activity.

(d) Linb Movenent - When the infant is resting quietly,

t he sound provokes novenent of |inbs, arns, shoul der
novenent s.

Range of responses (1) Linb or hand novenent (2) Flutter

(3) Adefinitely strong novenent.

(e) Head turning Towards or Away from Sound - Head may

turn towards the sound source or it may turn away from
the sound source. Head turn may be direct toward either

side, or of streching of the neck, raising the head upwards.
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Range of responses (1) Myvenent of the head toward sound

source (2) Mowvenent away fromit. (3) Any up and Down

movenent .

(f) Ginmacing - face winkles up as a protest against

heari ng.

(g) Sucking - this should be specified whether it occurs
- before or after a response.
- does it occur along with the response

(with l'inb novenent and head turn)

(h) Arousal - An awakeni ng of the whol e body; it is when
sl eeping quitely or when awake, but quiet.

Range of responses 1. eye novenent with slight to strong

novenent through out the body. 2. slight shudder of entire

body.

(i) Breathing changes - are recorded only by very experienced

observers who are certain of the pretest breathing pattern.

(j) Wdening of eyes - When the baby is sleeping, his

eyes may open wi der.
a) wi dening of eyes fromopen state.
b) wi dening of eyes from closed state.

c) maising of eye brows with al nost inperceptable w dening

of eyes.

* Eisenberg ( ) listed the follow ng responses using
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a stimulus of 90 dBSPL signal of 300 Hz.

Overt reactions wi de eyed | ook
Ar ousal Pupillary dilatation
G oss body novenents Mot or refl exes
Qienting behavi our Faci al grinaces
Turning of head D spl acenent of a single
Dgit
Cardi ac reactions:- disphasic decrease and i ncrease or

t he reverse.

BE senberg was the first one to describe differences
in habituation to sound as an i ndex of central Nervous System
integrity. Nornal infants habituated to stimuli in a short
time. The neonate responds grossly to |loud sudden sounds.
Wth time, responses occur to nmore subtle stimuli which

occur in the baby's environnent.

In the newborn life as in later infancy, the responses
are so distinct that naive observers can detect response
reliably - arousals, orienting quits, notor reflexes,
facial grinmacing, cardiac reactions, etc. The average
new born responds to atleast 3 consecutive trials, evenin
deep sl eep; and the quiet wakeful infant nay respond to
8 out of 10 trials. Thus it seens likely that pattern
bound behavi our reflects plastic and fairly high |eve

audi tory nechani sm
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The human newborn is perceptually mature in a greats
many ways and better organized than casual inspection
woul d suggest. His auditory behavi our depends both on
central and sensory phenonena and it follows orderly rules;
Frequency bound behavi our, which in the newborn periods
has correlates in the performance of |ower animals; bears
upon qualitative judgenents of sound in adult |ife.

I ntensity bound behavi our seens to have a species specific
characteristic that are independant of devel opnent al

status. Patter bound behavi our which is uniquely selective
in the newborn life may reflect fairly high | evel auditory

mechani sm

THE OLDER | NFANT

At 4 weeks of age the infant can descrim nate phonemc
contrast in sound signals, as neasured by heart rate changes
(Mc Caffery, Moffit, 1969). Fredlander (1970) reported
that these responses represent sone aspect of hearing.
Attending, even in the infant, beconmes a constructive

active process rather than an anal ytic and passive response.

2 nonths - he is quietened when exposed to fam |iar sounds

(Benett, 1976).

3 ptonths - babies attend better to nother's voice on a
tape recording than to stranger's voice
(Turnet, 1969). He learns to anticipate famliar

activity (Benett, 1976).
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4 months - Most infants cease notor activity, smle and

attenpt to search for the sound (Benett, 1976).

5-6 nonths - can distinguish friendly fromangry tal king
and will smle or cry in response to that
stimuli. They may respond to voice and nay

turn right or left.

7-9 nonths - Infants | ook up, cease activity, listen
intently. They turn their eyes and head in

the direction of the sound (Benett, 1976).

10 nonths - Responds to name, can locate their parents
when nanmed and responds to sinple comrands.

They attenpt to imtate vocalizations (Benett, 1976),

10-15 nonths - children begin to respond to | anguage as

environnmental auditory stinmuli.
18 nonths - locates facial parts.

Freedl ander (1970 concluded that the babi es show a
wi de range of discrimnative listening to a wide variety
of natural, disguised and synthetic |anguage as well as
to auditory stimuli. Thus these young babi es use sone
cognitive processes to nake their listening skills;
formulating internal |inguistic nodels against which to

conpare the recurrent input.
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2 years - Gven pictures or objects as referents, they

can sel ect the object naned.
2% years - ldentifies objects by usage and action in pictures.

2-3 years - Able to performvoluntary actions in response
to sound primarily by follow ng sinple and

t hen, conplex instructions.
Sunmary:

The present chapter has dealt with the devel opment of
the auditory function - both anatomical and functional. The
stages of the devel opnment of hearing is of utnost inportance
to the clinician who works with the pediatric popul ation.

The ultimate goal in hearing assessnent is eatablishnent of

t hreshol d responses. The clinical goal is to seperate
children into those whose behavi our suggest essentially nornma
hearing and t hose whose behavi our suggests need for further
audi ol ogi ¢ evaluation. dinicians here should take into
account the child' s chronol ogi cal age and maturational age

in various areas such as notor, social and | anguage behavi our.

I n essence, these stages of devel opnent, provide the
clinician the mlestones of hearing and thus channel hi mwhat
to look for in children as responses. A thorough exam nation
of themw |l try to renpve the questionability and variability

of the response; which is debated by many aut hors.

0%/ $/ $/ $/ $/ $/ $/ $/ $/ $/ $0



CHAPTER III

H STORI CAL BACKGROUND

In the devel opnent of audiology fromthe earliest
begi nnings to the present tine; there is a continuous thread
representing a | ogical sequence. As early as 1867, Lucae
nmeasured the inpedance of the mddle ear in nodels, but
also in patients with various m ddl e ear disorders.
These are various pieces of evidence in the formof
docunents going back to the earliest recorded history and
attesting the facts that hearing disorders and deaf ness
were recogni sed entities and that therapeutic efforst
were being made. The ol dest nade by the Egyptian papyros
Eber (1550 BC) which dealt with the managenent of hearing
| oss. Hippocrates (460-377 BC) reported about hearing
loss and tried to account for the possible etiology. Celeus
after 500 years presented a clear differentiation in etiology-
occlusion of the external auditory neatus due to cerunen,
ul Ceration, etc. Deafness was nentioned in the New
Testanment (Mark 7.31; Mathew 11,5). Enperor Hadrian made
hi s handi cap fanmous by hol ding his hand behind his cat.
During the m ddl e ages, no real progress concerning the
functional diagnosis of hearing disorders was made. New
concepts were not devel oped until 16th Century, the tine

of the Renessai nce.
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NEONATAL HEARI NG TESTI NG

Early investigators exam ned a variety of sensory
systens, including the auditory system because of an interest
in instincts, developnent of the "m nd"and | earning. Later
they focussed on the infant's psychol ogi cal and neurol ogi cal
devel opnent to plot normal growth curves to permt
detection of inpairment. Specific attention to assessing
neonate's response to sound did not start until the later
part of the 19th century. Determning the infant's auditory
sensitivity or lack of it, has received attention because
of the inportance of initiating early educational prograns
and fitting of hearing aids. Upto now, assessenent of

newborns has been restricted to screening techniques only.

Determ nation of a hearing loss by the end of the
first year of life is considered by sone persons to be
adequate to initiate special training prograns. Mst of
the early reports of infant's responses to sound stinuli
consi sted of biographies of individual children by their
fathers. Forty such biographies were received by Dennis
and Dennis who tabul ated appearing itens of behaviour
made by Tideman 1789. According to him 13 days after birth
one could see continued attention given to those who speak
to him and, be instead when spoken to. Charles Darw n
(1870) in a observation reported that during the first

fortnight his son started blinking his eyes to sound stinuli.
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The first collective investigation into nental
life of newborns in a maternity hospital was nade by
Kaussmal , 1859 who was of the opinion that the capacity
to hear was dormanent in the personality. Preyer (1882)
indicated that his son was 'deaf' for the first 3 days
of Iife but responded to hand cl appi ng sounds on 3rd and
4t h days; on the 11th and 12th day coul d be qui etened by
sounds. This finding was suppl enented by Benjam n Spock
who reported the newborn to be deaf due to the fluid in
the inner ear which may take long to absorb. Pratt
summari sed that the apparent insensitivity of the neonate
seens to be the presence of amiotic fluid in the mddle

ear.

Prenatal and neonatal auditory sensitivity to gross
sounds have been substantiated by many investigators.
Movenents of foetus in a pregnant woman were noticed, after
soundi ng horn - Peeper (1924). Forbes and Forbes reported
of prenatal novenents one nonth before delivery when the
nmetal bathtub in which the woman was |ying was struck by

a rod.

Fetal novenents to 20Hz - 500HZ have been reported
by Bernard, Peterson and Parley produced body novenents in
premature infants 3-4 weeks after birth. Genzer (Il 873)
repeated Kausmal|l's experinents and concl uded that newborn

infants hear only on 2nd day of l|ife. Kroner(1881) found
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neonatal responses to sound and found a variety of responses
He reported that they respond better when half awake and
that "repetition dulls the senses". Mdlden Hault and
VonTrot| sch tested neonates and reported of responses

as quivering of the eyelids, winkling of the forehead,

arms, etc.

MIller and Genzner(1834) established the Auro-pal pebral
reflex at supra threshold levels. Froding elicited the

sane reflex at 126 dB - 132 dB 1% hours after birth.

Wedenberg observed the auropal pebral reflex at 500Hz-
4KHz. He noted that 70dB-77dB wakes a neonate from deep
sl eep and 55dB wakes themfrom|light sleep. It was thus
concluded that normal hearing can be inferred at these
| evel s of sound when the reflex is elicited or the neonate

awakens.

| nvestigations on pavl ovian conditioning have been
made since the 1920's. Aldrich denonstrated a conditioned
response to a bell with a child. Marquis (1931) established
a response to the sound of a buzzer in 7 - 8 neonates during
first 10 days of life. Kaye and Levin, Solonens et al,
W ckens and Wtchens concluded that conditioning could not
be done for children under 12 days of life. Kasatkin and
Levebova (1940) in a study found that 3 infants could not

be conditioned for sucking responses within the first half
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of the 2nd nonth of Ilife.

Pratt and Nel son and Sun used a stabelineter polygraph
technique to record body novenent changes of infants
under 10 days of age as responses to sound. Calibration
of the stinmuli(can, shapper, bell and tuning fork) was
not sufficient for accurate determ nation of auditory
sensitivity. Haller controlled the stinulus presentation
with tones devel oped by 2B Western El ectric audi oneter; and
found that responses such as disconforting and conforting
were elicited for 7 frequencies in 4 intensity units.
Conforting responses were(fl exion and extension) and

di sconforting were squirmng, withing and crying.

Rosenblith found that neonatal responses to rattle
(70 dB), bicycle bell (76 dB). There is little if any
rel ati onshi p between the newborn auditory scores and
hearing responses at 4 nonths of age. Ei senberg wites
"Auditory screening tests for newborns involve nothing
nore than gross observation and afford nerely yes/no
j udgenents about whether an infant responds to sounds, on
the basis of which the exam ner can say nothing about

the integrity of VIIl nerve or any other systent.
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CHAPTER |V

| NSTRUMVENTATI ON | N EARLY | DENTI FI CATI ON PROCEDURES

The field of Paediatric Audi ol ogy has been cluttered
wi th uncalibrated toys(Wisenberg, 1971). This statenent
clearly inplies the fact that various techniques which
havebeen asked by the enthusiastic audiol ogist were not
necessarily standardi zed, such gross neasures do not
lead us to a very accurate diagnosis - only to a very
broad classification as hearing |oss and no hearing | oss.
Thus it is evident that the main intention in testing
infants, means actually only gross screening not |eading

to different degrees of hearing | oss.

Basically, the equipnment used for testing the pediatric
popul ati on can be divided into 2 categories - |nfornmal
testing and formal testing. Wth the advancenent of
comput er technol ogy, evaluation techniques has inproved
and have becone nore sophisticated. Instrunentation used
to identify deafness can be used prenatally or postnatally

will be discussed in this chapter.

Noi senmakers: - They have been npst commonly used in

assessing the neonates hearing status right fromthe
anxi ous nother to the experienced paedeo- Audi ol ogi sts.
We classify the noi semakers into those that produce high
frequency sounds to those which produce |ow frequency

sounds - bells, clackers, gongs, squeakers, jingles,-etc.
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Noi se makers were found useful in identifying deafness in

t he peadi atric population. This has been reported by Bove
and Flugrath (1971), Barr 1955, etc. Noise makers seemto
be the nost accessable tool available to test the hearing
and so even we nust try to enphasize the inportances of
determ ning the frequency conponents of the toys frequently
used . "Sone tests like the Boel's test utilise a special
type of noise maker like silver bells fastened to a ring

produci ng frequenci es being distributed between 4K - 12.5 Hz.

Si gnal s produced from an Audi oneter for BOA: -

Pur et ones, Noi se and Speech are used to elicit responses.
Pur et ones centered around 3kHz have been preferred by
Downs and Sterrit 1964, who discuss its advantage in the
foll owi ng- greater accuracy of nmeasurenent and control in sound
field- problemof standing wave is mnimsed. - can differen-
tiate heriditary congenital fromnon heriditary congenital

| 0ss.

According to Fisch (1964) response of the child to
rattl es may be because they are inherently attractive sounds.
A puretone according to himis as significant as any ot her

naturally occuring sound.

Giffiths (1965) devel oped an Hearoneter to present
interrupted puretones at varied frequencies through a

| oudspeaker.
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Qi bogram - anot her techni que for assessing the neo-
nates hearing sensitivity utilises specialised instrunent-
ation which consists of sensitive transducer attached to
the cradle. A strip chart is present to record the activity
of the child consequent to acoustic stimulation . A loud
speaker is present to deliver the stinmulus, an autonatic
timng equipnent is also present for the delivery of the
stimulus; the transducer consists of a piezo electric
bi mor ph nounted on an al um niumdi sc; Dependi ng on the
force inpressed on the bi norph, produces a voltage whichis

proportional to the voltage produced in the transducer.

Accel eroneter recording system -

It is devel oped by Al tman (1975) conprised of a sound
sources, cradle, Vibration pick, analyser systemand recorder.
A preanplifier anplified the voltage of the responses; and
was passed through a Narrow Band Noi se filter adjusted to
0.1to 20Hz band wi dth and was gi ven to the accel eroneter
whi ch generated voltage proportional to the accel eration of

the vibration set up in the cradle.

(bj ective evl auations: -

(a) Reflex Inhibition Audionetry: (Marsh and Hof f man 1976)

Here the reflexive eye blink elicited by tactile stimlus

Is inhibited by the auditory stimulus preceded by 100 m sec.
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Tha apparatus consists of a device which generates
the eye blink - air suspension acoustic speaker, to produce
a highly reliable air puff. The diaphragmof the speaker
I's enclosed and the displacenment on the diaphragmis forced
in through a tube leading to the subject. An 8 attenuator
permts the adjustnent of the airpuff. The eye blink is
measured with a nodified d Arsonaval neter fastened to the end
of the air delivery tube. The point on the neter is extended
with a length of polythene tubing which is taped to the eye
lid. This unit translates the novenents of the eye lid
into rotation of the meter coil in a nagnetic field, and
generates a voltage nearly equal to the velocity of the
notion, which is anplified, rectified and neasured by a

digital volt neter.

| npedance Measurenents: -

Basi ¢ instrunentati on of inpedance nmeasurenents consists
of a source, recording and conparing device. Thus here an
oscillator is necessary to produce the 220 Hz tone which ia
introduced to the external auditory canal through a | oud-
speaker. The reflected energy needs to be picked up by a
m crophone fromwhich the reflected energy is conpared wth
the reference voltage and is read out in the bal ance neter
needle. An electronic manoneter and air punp are connected
tothe probe tip to permt varying degrees of pressure, within

t he external auditory neat us.
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ELECTRO ENCEPHALI C TESTS OF HEARI NG

Al t hough the specific equi pnent used for recording
the auditory evoked potentials varies anong |aboratories,
the general needs are simlar and may be summarised as
follows: - Signal presentation system Recording system
averagi ng system and response storage system A system
could be used with appropriate el ectrodes, to record the
evoked cortical potentials, brainstempotentials or

cochl ear potentials (Nendel, cited in Gerber, 1977).
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SI GNAL PRESENTATI ON SYSTEM

Si gnal generators are used in combination with appropriate
el ectronic tiners and switches, or alternatively electronic
gates and filters. The generator produces the puretones
that are shaped by appropriate gates into pul sed signals
whi ch can be phase |ocked into stinulus onset. Intensity
can be controlled by an attenuator which precedes final
application. Another inportant conponent is the pul se
generator which serves as the master clock for the entire
system Trigger tubes fromthe pul se generator serve to
control the timng of the acoustic stinmuli - triggering
channel on the FMtape recorder, (2) triggering of the
calibrator, (3) onset of each sweep of the conputor
(4) the rate of signal presentation is thus set by the

pul se gener at or.

RECORDI NG SYSTEM

An el ectric potential can be measured at a given
point only with reference to a second point. Thus 2
el ectrodes are used. The placenent is inportant and varies
with the type of potential you are nmeasuring. The ongoing
El ect roencephal ographic activity is picked up by the
el ectrodes led through an el ectrode board to a calibration
systemwhi ch superinposes a reference signal of known

vol tage, and then anplified in 2 stages by the pol ygraph.
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The anplifying system nust al so have extrenely broad band
frequency response characteristics fromal nost a DC range
to an upper limt of about | O O0OHz. Introduction of
analog filters into the systemmy produce unwanted

di stortion of the evoked potentials.

AVERAG NG SYSTEM :

Most of the conputers are summ ng devi ces which through
a process of algebraic addition, extract the tine |ocked
el ectrical activity and reduce the anplitude of the nore
random ongoi ng activity. To acconplish this, the conputer
descretely sanples across tine the voltage of the El ectro—
encephal ographic trace and stores it in hundreds of

continuous nenory | ocations, called bins.

RESPONSE STORAGE SYSTEM

It is displayed on an oscilloscope. Pernanent storage
of each response may be acconplished through the use of a
plotter, or in the case of a general purpose conputer

on digital nagnetic tape.

RESPI RATORY AUDI OVETRY

Cannestrini (1913) recorded respiration curves froma
pneunogr aph connected to a kynograph and assessed the
respiratory alterations produced by various uncali brated

stinmuli.
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The crudest nethod consisted of an inflated girdle
around the child s chest to neasure air pressure causing
change in breathing. Later the inflated girdle was
suppl enented by strain gauze system (Bradferd, 1972). O her
met hods were differences in tenperature of inhalation and
exhal ati on( Heron and Jacobs, 1967) Kankunen and Liden, 1977).
Changes in inpedence using electrodes on both the sides
of the infants chest was done. After giving a weak high
frequency current changes in breathing pattern were noted.
Responses from el ectrodes are anplified and recorded on

a mcrograph - I npedence pl eut hosography.

ELECTROCARDI OGRAPHY

The basic requirements to neasure the changes in
heart rate to stinmulation are - stinmulus generator, an
anplifier, |oudspeaker, cardio-tachoneter to record the
response. Stinulus generator is a calibrated audi oneter
The output fromthis is sent to an anplifier and | oud-
speaker. The anplifier is provided with switch to
control the onset and offset of the tone. The cardio-

tachoneter is a beat measuring device, which is triggered
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by the prom nent deflection in the cardi ogramof the
subj ect under test. An additional conponent, that is
an averaging digital conputer inproves the efficiency
of the recording system The conputer averages the

time | ocked responses and stores them

0%/ $/ $/ $/ $/ $/ $/ $/ $/ $/ $o



CHAPTERV

| DENTI FI CATI ON AUDI OVETRY

"Today, there is one nessage that should be clear, concise

and quite clear"

“IT IS PCSSI BLE TO | DENTI FY AND DI AGNOSE HEARI NG LOSS | N
THE NEVBORN'

- (CGerber and Mencher, 1974; In Early ldentification

of Rearing loss - Nova Scotia Conference, 1974)

| dentification Audionetry refers to any of a variety
of hearing testing procedures to persons of any age for
t he pupose of identifying those individuals with hearing
sensitivity less than normal (Mencher, 1971). Identification
of hearing loss is a long drawn out process which can even
start before birth and can go on to | ater postnatal nonths.
| deal ly, the hearing |oss should be detected as early as
possi ble, for earliest possible rehabilitation. 1In our
country "identification audionmetry” nost of the tines
refers only to postnatal identification. Literature gives
us limted informati on about prenatal identification.
Various tests have been devel oped by different audi ol ogi sts,

each test reflecting their own points of view

| dentification Audionetry is a termfromthe report

of the commttee on ldentifaction audionetry of the ASHA
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and refers to "the application of any of a variety of
hearing testing procedures to persons of any age for the
purpose of identifying those individuals w th hearing
sensitivity less than that generally defined as within
normal limts". Specific goals of identification audionetry
are best specified by age groups, because of the differences
in testing techniques and objectives whi ch acconpany
maturation of the child and the environnent of the

adult (Mencher, 1971).

Smth(1972) wites on early identification as "In
recent years there has been a newtrend in the field
of pediatric Audiol ogy regarding screening of infants
for hearing loss, within the first few hours of birth.
This is typically carried out in the hospital nursery and

is known as ldentification Audi onetry.

Brooks, D.N(1976) wites "ldentification or screening
audionetry is one of the fundanental nethods at present

enpl oyed for detecting a child with hearing inpairnment".

Downs(1967) specifies the goals in newborn infant
screeni ng prograns as
(1) To identify newborn infants who have congenitally hearing
| osses serious enough to handi cap their speechand | anguage
devel opnent. Such early identification will make it possible
for nedi cal or educational habilitation at an age that is

early enough to take advantage of critical periods for the
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devel opnent of auditory function.

(2) To add to nedical sciences knowl edge of the causes of
hearing inpairnent by identifying the tinme of occurance

of hearing disorder.

(3) To facilitate study of the devel opnent of hearing function

i n human i nfant.

According to Mencher(1972) early identification is
divided into high risk registry, behavioural auditory

screeni ng.

Moncur and Wbl fe (1975) suggest high risk registry
babi es should be first tested with behavioural auditory

met hods.

According to Urban(1977) identification of a hearing
loss falls into 3 categories (1) Based on behavi our,
(2) Based on high risk register, (3) Based on tests of

heari ng.

Broadly the tests for identification audionetry can
be divided into

Tests
e s
Prenatal Postnatal
: |

Behavioural Non=bhehavioural
r L

Electrophysiological Physiodogical
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| dentification of hearing loss has still remained
inatwlight region because the 'response' inthis field

is still an enignma.

Young subj ects behave |ike dynam c systens since they
are continually changing their arousal state. This
situation has two inplications for infant audionetry (Bench

1970) .

Firstly, it is necessary to control for spontaneous
changes in activity, which m ght otherw se be interpreted
as a response to sound stimulation. Secondly, it is
necessary to take into account the prestinmulus or initial
| evel of activity in assessing the nagnitude of response

change.

LAWOF INITIAL VALUE (Wlder, 1958): It states that the

magni t ude of response change, is influenced by the state

of the individual before stimulation in such a way, that
lower the initial or prestimulus state, the greater is the
increase in level of activity on stimulation, the higher

the initial state, the greater is the decrease in |evel

of activity. This neans that the response change is either
positive or negative depending on the initial state; it also
nmeans that the internediate state is zero. Thus it is to

be expected that the subject will not respond, when tested
at certain intermedi ate prestinmulus state, when response

is defined as change in activity, since in this instance.
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prestinmulus and post stimulus levels of activity will be
the same. This is the CROSS OVER PO NT descri bed by
Bri dge and Reiser (1959) and was regarded as constant

for any baby.

Law of Initial Value is explored over a w de range
of prestimulus states fromdeep sleep to agitated state
in a group of newborn babies. Neonates state of activity
varies relatively quickly, enabling Law of Initial Value
to be assessed over a wi de range of behaviour in a

relatively short tine.

Bench(1967) did a study on 14 normal babies found
that any given baby may show an increase of decrease in
activity, or no change at all dependi ng upon prestinul us
state. Each baby was tested on 3 occasions for 60 m nutes
during which he was required to naintain his prestimulus
state of activity(deep, light sleep) or wakeful ness or mild
or agitated crying. Heart rate was cal cul ated from babi es
el ectrocardi ogram recorded on a pol ygraph, which was taken
as an objective neasure of response pattern. This was
highly correlated wth subjective neasures of activity

(Bench and Synth, 1967).

Law of Initial Value effects nust be borne in m nd when
testing infants, the absence of a response, or a negative
change response nay lead to the drawi ng of fal se concl usions.

In practice, it is usually possible to avoid high or noderately
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high levels of activity, response change is always positive.
However, it is usually inpossible to control the state
exactly so that prestinulus activity although low, is not
invarient fromtrial to another, therefore unable to

escape Law of Initial Value effects.

BEHAVI QURAL OBSERVATI ON AUDI OVETRY

Behavi oural observation audionmetry refers to the
audi ol ogist's attenpt to elicit observable response to
sound(Fultons, 1978). The responses may be either reflexive
or voluntary which are tenporarily related to the auditory
stimulus. Stimuli usedcaneither be speech or nonspeech
stimuli. They can be presented as live voice or through
a | oudspeaker. Since behavioural audionetry requires
extrenely subtle mani pul ati on of environment, there are
naturally various variables to be controlled. They can be
listed as the (1) behaviour of the child, (2) Environnent,

(3) Material, (4) Presentation of the stimulus and (5) Response.

Behavi our of the child:- The particular test in question

must be geared to a particular child we are dealing with,
fromthe mld docile cooperative infant to the aggressive

hyperactive child.

Environnment:- should be free fromdistractions especially

vi sual ones. Tenperature and hum dity.
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Test material:- nust be capable of drawing the attention

wi t hout being toodistracting.

Presentation of the stinulus:-nmust proceed fromsinple to

conmpl ex and nmust be able to maintain notivation of the

child and avoi d adaptati on.

Response: - The response criterion nust be thought out and
reliability nmust be maintained. This seens to be nost
uncertain point in the field of behavioural observation

audi onetry.

Preferences of test stinuli have been stated by many

aut hors.

Gal anbos(1953) proposed the use of a click at 134 dB
as the stinmulus in behavioural audionmetry. Ling and Doehri ng
(1968) reconmended the use of 1KHz NBN in detecting hard
of hearing children. Docons and Sterrit(1967) recomended
BBN as they report that all infants respond to BBN. Mendel
(1968) reconmended the use of NBN as stinuli since BBN may
fail to identify an infant with congenital high frequency
| oss. Moncur(1968) noted that low intensity stinmulus mnust
be used so as to achieve control situations, calvert and
Reddl (1969) reconmended the use of BBN than 3KHz warbl e tone.
Ni kam and Dharmaraj reconmended the use of an acoustically
treated room for testing of infants rather than the hospital

nursery. Berger(1971) says that Noise at 25-30dB elicited
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response. As the child matures, he locks around for the
sound(7 nonths - 1 year) turns to voice, rattles, quiet

meani ngf ul sounds.

"War bl ed tones have been recommended by nmany authors
(O chuk & Rintel mann, 1975; Swain and white, 1933; Hardy,
1958; Lagenback, 1965). It is supposed to provide a
psychol ogi cal advantage by reducing fatigue(Swain and
White, 1933). Lagenback(1965) states that the warble
tones attract the attention of the child, have excitable

and awakening characteristics.

SUGGESTED PROTOCOL FOR A BEHAVI OQURAL HEARI NG SCREENI NG TEST

(Recommendat i ons of the SASKATOON Conference on Early

Di agnosis of Hearing loss - Nova Scotia Conference, 1971)

Test Stimulus - A random noi se having a |ow frequency

attenuation of 30 dB/ nore per octave bel ow 750HZ maxi num
of 90dB at the pinna, rise-decay tinme of 5 mllisecs,
duration of O5 secs, 2 secs interstinulus interval of 15

seconds.

| nfant Response: - Any generalized body novenent, which

i nvolves nore than one linb which is acconpani ed by eye-

movement .

Scoring Criteria:- Controlled by one or two net hods-

fa) Scorer does not know when stinmulus is actually present.
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(b) 2 observers score the responses independently. 2
stimulus responses should be positive to score as a pass

and a failure should be retested atl east once.

Pretest State: This is inportant in the initiation of a

response and nust be controlled in specific terns. This
protocol calls for an sleeping infant(eyes closed no

observabl e body novenent atleast 5 secs).

Test Envi ronnent: Ambi ent noi se | evel should be neasured.

EVALUATI ON  PROCEDURES | N BEHAVI OQURAL AUDI OVETRY

GALAMBOS (1953) described an EYEBLI NK TEST for hearing. The
useful ness of the cochl eopal pebral reflex as an objective
test of hearing was stressed. For this he produced a

click sound through a gross stinulator it was produced at
134 dB. Infant should be seated in a high backed chair.
Eyebl i nk responses were recorded and anal ysed. As intensity
i s decreased, eyeblinks decreased at 60 dB it di sappear ed.
50%of it occured at 95 dB. He concluded this level to be

the threshold of hearing.

Peck, (1970) devised the BOTTLE FEED TEST for hearing screening.
In this test, nother and child are placed in a sound treated
test booth and the child is being fed normally. Exam ner

t hen presents various sound signals - nonitored live voice

and frequency nodul ated puretones. Consistent responses are
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got at 60-80 dB. Responses were taken as either
- interruption of rhythmcal activity
- eye wi dening
- occul ar novenents.

Advantages: (1) Randomactivity is reduced.

(2) Response easily identifiable.

(3) Cying is elimnated.

(4) Child is happy, alert, but not engrossed.

AWAKENI NG TEST - It was described by Wedenberg (1956).

He suggested the presentation of tone pulses at 3KHz at
75dBSPL to awaken the child fromlight sleep. Criteria
for responses are novenent of eyelids, changes in heart
rate, and general body nmovements. He states that by using
a 3KHz tone, prediction of audibility tospeechnornally is
present. Sleep can be nonitored by stroking the eyel ash
with a finger. |If a reflex novement of the eyelid can

be elicited, a negative reactionto the tone, that is

failure to wake within one mnute constitutes a valid result.

MATTI NGLY (1970) devel oped a SUCK TEST in infant screening.
Thi s depends upon cessation of sucking or nursing activity
in response to pure tones or nusic. Mdther is instructed
to skip nmorning feed and bring the child to the test room
While the infant is nursing, testing with earphone at 3KHz
and intensity level of 60dBHL. This is raised in 10 dB
steps till cessation of sucking is observed. |If thereis
failure inthis test, then followup is done after 6 weeks.

Cessation of sucking and frequent eyeshifts frommdline bo
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not her are taken as responses. In a quiet situation, it

may not elicit rapid responses but a valid one.

CRI FFI THS (1965) devi sed the HEAROVETER which is an instru-
ment used for neonatal hearing screening. Eoundspeaker is
pl aced over the sleeping infant and interrupted pure tones
of varied frequencies and intensities are delivered fromit.
Satisfactory responses ia the awakening of the infant from

sl eep.

SI MMONS (1976) devel oped the CRIBOGRAM It is an instrunent
whi ch records the responses in the formof a graph. One
second narrow band noise stimulus at 92 dB is presented.
Neonatal notor activity is nonitored for 12 seconds before,
during and 2.5 seconds after onset of the stinmulus. Silent
test is also adm nistered. Toavoid the startle response,

a prestimulus is presented at 40dB at 4KHz. About 20

tests can be done in a day.

Criteria for response is the |argest peak to peak
anplitude in a prestinmulus interval of 3.5 secs is atleast
two tinmes or half the anplitude of the largest positive
peak m ni mum negative peak in a 12 secs response then response
is scored. If the nunber of changes in direction per
seconds in the post-stinulus period is atleast 2 tinmes |ess
than half of the nunber of changes in direction per second

in prestinmulus period, then response is counted.
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Random Vs Real responses - This is a function of duration

after stinmulus onset. Results indicate that random average
response rate of 4.6% an average real response rate of 36%

based on a study done on 2787 neonates.

The cribogramis a probalistic instrunent with inherent
i naccuracies - false positive and fal se negative error.
The major value in rescreening is the initial screening
fails is to clear newborns who m ght be schedul ed
unnecessarily for foll owp diagnostic testing. |nproved
cost effectiveness and di m ni shed parental anxiety may
be the positive consequence of subjecting a child to
atl east two cribogramscreenings. Thus a nultiple screening
strategy should have effect of substantially reducing

positive error wthout increasing negative error.

According to Sinmons, Jones(l976), the Cribogram seens
to solve the problens usually associated with behavi oural
screening. The entire popul ation can be screened using
this sinple, automated device. Transducer is sensitive
enough that it can pick up heartbeats and very often
nmonitors respirations. When crib activity is too nmuch or

when the baby is too active, it is taken as unscorabl e.

ALTMAN (1975) devised the Accel eroneter Recordi ng System

The sound source is a tape recorder with audio anplifier
nmount ed. on an adjustable stand. The cradle was provided with

a wooden pillow for head and shoul der rest. The cradle was
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pl aced on a floating floor structure, which consisted of a
concrete sl ab, supported by a tyre tube. The accel eroneter
was attached to the wooden pillow. A preanplifier
anplified the voltage of the responses and was passed
through a narrow band filter adjusted to 0.1-20HZ band

wi dth and was given to the acceleroneter. The voltage
generated is proportional to the acceleration of vibration
in the wooden pillow. Voltage of the signals are
registered by the recorder. Here the stimuli is 3150Hz

at 90dBSPL.

MARSH & HOFFVAN (1976) described the REFLEX | NHI Bl TI ON

AUDI OVETRY procedure. The reflexive eyeblink elicited by

a tactile stimulus is in-hibited if the auditory stimulus
precedes this stinmulus by 100 nsecs. in this nethod, the
hearing acuity is assessed by determ ning whether the
reflexive eyeblind(elicited by tactile stinulation of

the face or cornea) is inhibited by an acoustic stimulus

by a fraction of a second. This requires no conditioning.
Oigin of the Reflex inhibition audionetry in the startle
reflex of a sound was found to be inhibited by a relatively
weak pause of noise preceded the nore intense startle

stimulus by 20 - 500 nsecs.

, The apparatus used has been described extensively in
the chapter Instrumentation. To reviewit, basically it

consi sts of 2 apparatus - for generating eyeblinks, air
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suspensi on acoustic speaker to produce airpuff. The
di aphragm of the speaker was encl osed so that displacenent
of the diaphragmforced in through a tube leading to the

subject. The eyeblink is neasured and nodified by d' Arsonva

net er.
Stimuli - tones served as antecedent stinuli, which were
generated by controlling the output audi osounds. Interva

can be controlled by tunes.

Procedure: Each subject was seated in a chanber fitted with
ear phones, thresholds were determ ned. Desired conbinations
of antecedent auditory stinulus and blink elicited airpuff
were presented in 30 sec intervals. To conbat boredom a

35 mm col our slides were used. Thresholds were found for
250, 500 and 1KHz and 4KHz. The stinulus had a risetine

of 10 msec, 200 nsec duration and an onset preceding the

airpuff by 100 nsec.

This procedure can be nodified for the paediatric
popul ation. The subject is placed on the parent's |ap,
the enperinenter selects the stinulus configuration and
the other experinmenter puts the earphones on infant's head
and airpuff delivery handpiece and initiate the trial. 10
airpuffs in silence interspersed with 1 KHz tone at 70dBHL
having 100 Msec lead tinme, only one ear was tested, this
procedure proved to be confortable and gave no evi dence of

annoyance (Marsh, Hoffman, Stett, 1978).
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In a study done by Hof fman, Marsh and Stitt on infants,
they found that a prestimulus of 30dBH. strongly inhibits
eyeblink reflex for all frequencies tested.

Advantages - (1) sinple to admnister, (2) safe, (3) no
irritation to the infant and (4) inexpensive equi pnent.
cautions - No diagnosis of hearing |oss shoul d be based on
reflex inhibition Audi onetry. It only helps testing the
child whose responses are inconsistent and adds confirmation

to the audi ogram

MENCHER (1975) recommended the use of a PRETEST SENSI Tl CER
FCR NEONATAL TESTING Broad band noi se was used as an
appropriate alerting signal to induce the neonate to focus
attention to specific sensory nodality so that responses
wi Il occur relevantly to stimuli following it. Broad band
noi se was sel ected because it was such that all infants
respond to it. It was delivered at 90dB. In a study done
by the sane author, he found that in deepsleep it is found
to be a useful PSA in newborns. |n awake and qui et states,
PSA was useful and increases response strength. It also
mght increase activity and hence may mask the response,

speech signals are effective in eliciting arousal.

LOCALI SATI ON AUDI OVETRY - In general it is applicable to

infants of 3 - 4 nonths of age. Stimuli is presented through
a | oudspeaker. An assistant draws the attention of the infant,

Toys are kept to distract the child. Localization to the
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source of the sound is taken as the response. Hut the
information got is of the better ear, it may not elicit
a response in an older child which may cause an erroneous

di agnosi s of hearing | oss.

BCEL TEST - Progranms for infant screening of comunication
di sorders shoul d cover the need for information about the
devel opment of attention functions - auditory, visual and
tactile at an age when the child is on the doorstep of

t he speech acquisition, before 1 year of age (Junker, Basz,

Mal enem Hockert, 1978).

BCEL (Blicker Orienterar Efter Ljud in Swedish) which
may be translated as into |look orients after sound. Naned
after an autistic child, who did not use the exquisite
means of human exchange of speech but used to follow sounds
with her eyes. Thus the BOEL test happened as a search for
an alternative to the traditional 'wait and see' approach
and ained at an early quick nental health check up(Stensland
Junker, 1972).

Met hod - BOEL attention test is done to infants of age 7-9
nmonths. Infants of this age have a short attention span,
both with regard to space and with regard to time. The
sounds are presented at |limted di stances, and should be
smal |l enough to be hidden in the clutched fist of the
tester. 4 silver bells fastened to the ring, Visual stinuli

consi st of a red double band stick - the gripper and a silver
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nmobil e called the spinner. The tester, after having
established a firmeye contact with the infant, checks
that the eyes attentively followthe 'gripper' first
horizontally to grasp it and exam ne vertically, before the
infant is allowed to grasp it and exanmine it with the
mouth. The nother is asked to remain passive. The sound
sources are held about 20 cmbehind the child' s ear. As
a final check visual attention and the capacity to follow
a stimulus, the silver "spinner' is held up in front of
the infant and noved in the sanme way as was the gripper
about half a neter to and fro, first horizontally and
then vertically. The silver'bells' should be presented
as the first of sounds and the 'bells' the last. The
sounds should be presented fast. Presentations should

not be revi ewed.

The test protocol shows the results under the follow ng
itens - steady back, firml ook, wants to take gripper, holds
firmy, contact smle, eyes follow, vocalizations, pats
into nouth, searches ball, searches for bell. Eagerness
to reach the red gripper depends greatly on an infant's
personality and |evel of maturity. There are sone infants
nmore reserved than other; and there should be an understandi ng
when evaluating any child. A lack of tactile curiosity
shoul d be considered as normal. An autistic child is

characterized by |loss of eye contact. A hearing inpaired
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child does not search for the soundSy he cannot hear, and
t he infant who does not see cannot 'reach' for the spinner.
The way of grasping in handling or holding objects is

also informati ve.

| f needed, the nurse retests the infant after a week.
|f the responses still deviate after 2 nore retests then

the nurse inforns the paediatrician and other specialists.
SUWVARY:

Advances in Conputer technology and el ectronic
instrunentation coupled with dramatic inceeases in our
under st andi ng of behavi oural and devel opnent have all owed
us to present specific, reliable, realistic procedures
whi ch can be utilised in diagnosis of hearing loss in
infancy. Al this could have been only a drean{Gerber
and Mencher, 1974 in Early Identification of Hearing Loss,

Nova Scotia, 1974).

Early identification and subsequent audi ol ogi cal
managenent of a child with hearing |oss not only enhances
the opportunity to devel op adequate speech and | anguage
but al so benefits the educational and soci ol ogi cal
devel opnent (Horton and Sillon, 1970? Sustedt, 1974). No
evaluation is an end in itself. Hence a conbination of

t hem shoul d be used for testing and rechecking our diagnosis.



continually. The newborn nursery provides a setting in
whi ch the various test conditions can be controlled and
results standardized. The fact still remains that the
real m of behavi oural audionetry has many vari abl es which

al so depend largely on the audiologist's interpretation.
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CHAPTER VI

NON BEHAVI ORAL TESTS' FOR | DENTI FYI NG DEAFNESS

El ectro physi ol ogi cal audi onetry enpl oys responses to
acoustic stinulation mani fested by, observable changes of
some physiol ogi cal property of the subject, while behavioural
audi onetry requires an overt bodily reaction (Gerber 1977).
One woul d choose this nmethod of evaluation for the difficult
to test patients, an infant, a nultiply handi capped person,
a severely retarded person. Electro physiological tests
of auditory function should properly include the nonitoring
of any bodily change produced by the initiation of a stinmulus
in the ear. They can be seen as single or whole nerve
activity in the auditory pathway, or central nervous system
or they can be recorded as visceral, glandular, or notar
changes over a wi de area of the body. This nethod is espe-

cially, useful with regard to the pediatric popul ation.

Physi ol ogi cal tests for children have been enpl oyed
for several reasons. (1) To determne sensitivity of the
peri pheral auditory system - an objective audi ogramw t hout
t he behavi oural cooperation of the child. (2) To assess
the integrity of various parts of the auditory systemincluding

neur al pathways and central auditory function (Bess, 77).

El ectro physiological tests currently used for children

can be classified according to the system including neura
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pat hways and central auditory function into 2 categories
(1) Those that nonitor the affarent or auditory input

pat hway fromtynpani ¢ nenbrane through cochlea, VIII nerve,
brainstemto the central nervous system The tests included
are i npedance tests, Ecog, brainstemaudiometry, evoked
cortical audiometry.

(2) Agroup of physiological tests of auditory function
usual 'y record responses fromthe autonom c nervous system
they include measures such as skin resistance, heart rate
respiration and pupillary dilation. The latter responses
reflect not only input system but al so of nunerous synpa-
thetic and parasynpathetic adjustments within the nervous
systemthat respond to the auditory system These shoul d

be done with great care because the response systemnormal |y
shoul d be maintained to obtain valid measures.

| npedance ECogh. Cortex EEG

External Mddle Inner ear brain-
audi tory ear cochlea  stem (BSER

The recording sites are the various eval uation proced-
ures used.
Acoustic | npedance Measurenents:

Acousti c i npedance neasurements provide, efficient,
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objective and illumnating information during the audionetric
eval uation of children(Northern cited in Bess, 1977). It
can provide diagnostic information regarding the site of

| esion, nature of |oss and acts as a suppl enent to behavi oural
observation audionetry. Inpedence refers to the resistence
to the notion and is expressed as a conplex ration of

force and volune velocity. Wile nmeasuring inpedance, we
are actually neasuring how nmuch of resistance is present

to sound waves at the ear. |I|npedance is influenced by 3
factors - Mass, stiffness and Resistance. Mss isrelated
to the ossicular chain, stiffness is related to the novenent
of stapes, resistance is related to liganments and nuscl es.
Any pathology in the mddle ear nechanismw || thus alter
the inpedance of the mddle ear and so influence the flow
of energy reaching the cochlea. M dddl e ear pathol ogy

is frequently present in paediatric popul ation(Hol on

and Kunze, 1969; Lebby, 1974; Rock, 1974; Schwartz and
Redfield, 1975). Thus such a loss of hearing can lead to
speech and | anguage retardation. This necessiates early
identification fromthe view point of mddle ear problens.
The traditional nethod used is otoscopy but not all

pat hol ogi es can be detected by this nethod.

| npedance neasurenent in babies is certainly not
w t hout probl ens(MCandl ess, 1977). Basically in inpedance
audi onetry the follow ng are done

- Tynpanonetry



- Static conpliance

- Refl exonetry.

Jaf fe(1971) points out that conductive hearing |oss has
not received nmuch attention in neonates because the ears of
the neonates are not routinely exam ned in the newborn nursery,
| ack of concern m | dnoderate conductive hearing |oss and

inability to identify it.

TYMPANOVETRY It refers to the neasurenent of the

conpliance of the tynpanic nenbrane at different pressures
inthe external auditory nmeatus. It is a dynam c neasure.
Tynpanogramrefers to the graph on which it is plotted
and provides information about the follow ng

- pressure status of the m ddle ear

- mobility of the drumand the ossicular chain

- resonance point of the mddle ear.

I nterpretation of the tynpanogram should be based on
the followng facts (1) Peak (2) Anplitude (3) Shape. 1In
adul ts the tynpanograns have been classified into various
groups by Jerger(1970) and Liden et al (1974), but the
guestion is whether this calssification holds good for
the pediatric population as well. Simlarities between
the tynpanograns obtained in adults and children have been
found( Ful ton and Lamb, 1972; Jerger, 1970 Keith, 1973)

cited in Northern and Downs, 1975. According to Cannon
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Keith, 1975, the main difference between the 2 groups of
patient popul ation was that the presence of a W shaped

t ynpanogram whi ch aprroximated to the adult pattern with
age. Bennet(1973) in his study noted that double notched

t ynpanograns in some neonates(5-18 years) which |ater becane
a single notched with age. He classified themas

§Lngle not ched St —Normal

S

- simlar to,S; but with doubl e notch
ubfe no?ched

Db - simlar to S; but with double notch

Difficulty in obtaining hernetic seals have been reported,
is is easier in the neonatal period. Deep sleep seens to

be the optimal time for testing.

STATIC COMPLIANCE : It is the reciprocal of inpedance.

If a systemis nore nobile it is nore conpleant, if is
immbile, it is stiff. Stiffness of the drum depends upon
the m ddle ear condition,if mddle ear contains fluids

t hen tynpani c menbrane remains stiff. Normal conpliance
values vary fromQO 3 to 1.6(in adults). Below0.3 is
considered stiff and above 1.6 is considered as excessive
mobility. Literature reveals that in the peadiatric
popul ati on, the value of static conpliance varies fromthat
of the adults. Many hypot heses have been put forward to

explain this.



-56-

(1) Hypernobility of the tynpanic menbrane or soft
wal | s of the external auditory neatus.

(2) Devel opnent of nornms in the neonatal period have
been influenced by high incidence of m ddle ear pathol ogy.
Kei th(1973) found medi an conpliance of 1.2cc in a group
of neonates 2%- 20 hours, and |.lcc in neonates of 36 -151
hours. Cerber and Cone fromtheir study on infants(5 days-
13 nont hs) found nmedi an conpliance value of 6.79 cc. Thus

these studies show that there is a decrease of conpliance

w th age.

ACOUSTI C REFLEX THRESHOLDS : The acoustic reflex

refers to the contraction of stapedius nuscle to sound.
The | owest sound pressure level at which the stapedius
muscl e contracts is the Acoustic reflex threshold. For
an acoustic reflex to be present, the follow ng conditions
must be met
(1) There must be sufficient residual hearing to induce a
reflex.
(2) Cranial nerve VII should be functional on the nonitored ear.
(3) Stapedial tendon nust be intact and properly attached
to the head of the stapes.
(4) Ossicular chain should be continuous through the point
of stapedial tendon, insertion and sufficiently nobile
to allow for stapedial contractions to change the inpedance

characteristics of the tynpanic nenbrane.
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In the very young since factors other than acoustic
stimulus elicits the reflex, we nust be able to isolate only
the refl ex consequent to acoustic stinmulation. Allerd et al
(1974) measured reflex in 97. 3% of neonates 25-30 hours;

Kei t h(1973) neasured reflex in 30%of 36-18 hours. Presence
of reflex in neonates have been reported by many investigators
(Keith, 1973; Bennett, 1975; Bench, 1978). Incidence data
obtained fromthe data of Keith(1973) and Allered reported

an incidence of 30-33% The |ower incidence of that of Bennet

(1978) was due to

(1) Mesenchyme in the mi ddl e ear which inpedes novenent of
ossi cul ar chain.
(2) Depth of sleep.
(3) The devel opnent of nervous systemis not conplete (CGoldstein,

Wl f, 1977).

An incidence of 42% of Acoustic Reflex Threshold has
been found in infants(Megolis and Popel ka, Stream 1977).
Simlar to the other nmeasures of inpedance as age increases
reflex thresholds are elicited at |ower |evels and at nany
frequenci es(Habner, Synder, 1974; Robertson, Peterson, Lanb,
1978; Jerger, 1974). Variability in Acoustic Reflex Threshol d
are seen maxi rumin the age of 24-36 nonths. Acoustic
Refl ex Threshold was seen around 70-90dBHL for 25-50 hours

which was simlar to that obtained for adults.
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One of the requirenents for the presence of acoustic
reflex is the conplete reflect pathways; thus the immture
devel opnment in the neonate interfered with Acoustic Reflex
Threshol d. The maturational process goes on until 3
nont hs; which may explain the differences in Acoustic Reflex

Threshol d bet ween adults and chil dren.

CLI NI CAL APPLI CATION : No doubt, | npedance Audi onetry

is an integral part of the test battery and its potenti al
val ue increases when all the 3 nanely - tynpanonetry,

static conpliance and reflexonetry are used in conbination.

Tynpanonetry: There are 3 points of focus which are eseenti al
for interpretation in the clinical population - pressure

peak, slope and Anplitude. Feldman(1977) classifies themas
(a) Pathologies with negative pressure - Bl ocked Eustachi an
Tube, Serous otitis nedia.

(b) Pat hol ogies with nomnal pressure - ossicular bony fixation,
Adhesive fixation - ossicular discontinuity.

(c) Pathologies with positive peak - Early acute otitis nedi a.
(d) Absence of peak - Open tynpani c nenbrane, Artifact,

m ddl e ear effusion.

Wth respect to the pediatric population that of utnost
value in tynmpanonetry is the identification of mddle ear
di sease, that is, negative pressure is an inportant indicator
to mddl e ear pathol ogy(Li den and Ranval, 1977; Remal |,
Li den, Jungest, 1978 Brooks, 1975). Here the controversi al

points seens to be the cut off point between the normal and
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abnormal which should be clearly specified. Sone consider
-150 nmof water as the cut off point(Brooks, Liden and Renall)
and so beyond -150 mmof Water is abnormal. Sone
investigators (Orchick, Mriff and Dunn, 1978) consider

G i.e.,(-15 to -20mm of Water) as being the best indicator
of mddle ear disease, whereas Fellan and Ni coka(1979)
consider C, to be a better indicator. C = (-1Dto 150 nm)
Amplitude :- Those with greater anplitude may indicate the
foll owm ng pat hol ogi es(eardrum abnormal ity, ossicular dis-
continuity)and those with decreased tynponogram anplitudes

i ndi cate ossicular fixation, serous otitis nedia, tunors.
Anot her inportant fact to be noted is the identification

of certain congenital abnormalities in the mddle associated
wi th various syndronmes. For eg., in Osteogenesis inperfecta
or Vander hoeve's syndrone these is a congenital fixation

of the stapes.

Sl ope may be associated with pathol ogies which flatten or
decrease the tynpanogram slope - serous otitis nedia,
ossicular fixation, tunors of the mddle ear. Increased

sl ope —eardrum abnormality, ossicular discontinuity,

snoot hness of the curve may be associated with tunors, eardrum
abnormal ity.

Static Conpliance : In neonates and infants the use of

i solated static conpliance neasurenents seens to be of
[imted value, with the adult population itself there

seens to be an overl ap between otosclerotics and normal s,
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and ears with ossicular discontinuity(Al berti, Kristen,
1970). Static conpliance values vary with age and sex
and thus causes nore variability and seens to be the |east

informative test of I|npedance for the pediatric popul ation.

Acoustic Refl ex Measurenents For threshold deterni nation

the fornula given by Seisterhan and Ni eyneyer (1974) do not
hol d good for the pediatric population. The bivariate plot
nmet hod advocated by Margolis and Popel ka(1975) has been
found to be useful in assessing hearing sensitivity in
children. No specific application is found applicable to

t he neonatal popul ation.

ELECTROENCEPHALI C TESTS

The el ectro encephalic tests of hearing are cortical
responses to sound stinmuli. When an auditory stinulation
is given there are mnute changes occuring within the brain
These responses are sunmated by the averagi ng conputer. The
el ectrical responses are picked up between 2-8 mllisec.
which reflects the activity of the 8th nerve and successive
brai nstem auditory nuclei, canme to be known as Early
conponents. M ddl e responses are those which are picked
up with in 8-56 millisecs, |late responses are picked up
bet ween 50-500 nsec, the l|atency greater than or equal to
300 nmsec is considered as contingent negative variation.
Early conmponents reflect activity of the 8th nerve and

successive brainstemnuclei. Mddle and |ate conponents



reflect cochlear potentials.

M ddl e responses: They were first recorded by Gersler,

Freshkopt and Rosenblith(1958). They are recorded

maxi numat the vertex with a reference on earlobe or mastoid.
The discoverers of these potentials first attributed them

to be cortical in origin whereas in 1964(Beckford, Jacobson
and Cobly) attributed themto nyogenic activity which can

be enhanced or di m nished by mani pul ating the tension on

the positional nuscles of head and neck.

The response is recorded fromrel axed, sleeping adults
or infants in response to stinuli. It consists of 3 negative
peaks and 2 positive peaks. Feasibility of using mddle
conmponents i n neonates were studied by Mendel et al, 1975,
ol dstein et al, 1967, McFantid, 1977). The waveforns of
the neonates 1-3 days of age resenble those of adults. Anp-
[itudes were smaller and | atencies shorter in infants than
adults. (Mendel, 19770) Infants less than 1 year are tested
during sleep. The response was better in the ipsilateral
ear in neonates when conpared with adults. The responses
are not affected by sedation thus seens to be an effective

measure in children.

LATER RESPONSES: The responses conming from 50-300 nsec are

referred to as |ate responses by Davis who described t hem

in 1939. According to himthey are cortical responses which
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are essentially related to tenporal auditory association
cortex and frontal association areas and thus can be elicited

by auditory, verbal or tactile stimuli(Picton et al, 1974)

Late responses are reported maximally fromvertex and a
reference on the mastoid. The waveform consists of two
negative and 3 positive peaks. Presentation 30-56 per
m nute. The responses vary with intensity, as intensity
i ncreases, latency decreases, anplitude increases(More and
Rose, 1969; Goodman and Bryce, 1970). The normal threshold
i n awake infants has been established at 30dBSPL(cited in
Gerber, 1977). Consistent responses were got for infants
(1-7 nmont hs) of age by Fatter and Gordon(1972). But in
general, both infants and neonates this nethod of assessnent
is not feasible. The stage of sleep of the infant has
been found to have an effect on response waveform An
increase in the latency during speech has been observed of
all peaks except P; in infants 16 weeks to 3 nonths. While
the infant is asleep, is the ideal tine for testing. Using
sedatives affects the responses. Deep anesthesia abolishes
response. Drugs also affects responses - phenobarbital,
Neurobital, etc. The m ddle responses are influenced nore
than |late responses. During sleep |latency of response in
infants is 40-150nsecs greater than in adults(w zner,
Freshbei n, Grazinun, 1965). Barnet and Goodw n(1965)
say that the depth of sleep in newborn infants influenced

the late conponent response.
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Several studies have been reported which attenpted
to use the late conponents to di agnose hearing loss in

infants (Bornet and Lodge, 1966).

EVOKED BRAI NSTEM POTENTI ALS

These potentials occur within the latency of 2-8 nsecs,
and reflects the activity of the auditory nuclei and tracts.
They were first elicited by Sohner and Fei nneeser (1967).
Jewett (1979) observed these waveforns and associ ated t hem

with respective firings of 8th nerve.

Brai nst em evoked potentials can be grouped into
distinct groups (1) Onset potentials (2) Frequency specific
potentials. Onset potentials can be further classified as

- farfield potential s(Jewett & Wlteston, 1971)
- Farfied Ecog (Terkildsen et al, 1975)

- Surface recorded Ecog.

(Onset potentials are nore widely adopted in the clinica
set ups. Jewett's observation revealed a wave formwith 5-6
nonophasi ¢ positive waves with latencies varying from 2-7
nsecs. These potentials are obtained fromthe brai nstem

Wave 1 : MII nerve action potential.

Wave 2 : Cochl ear Nucl ear potential .

Wave 3 : Superior divary Nucl eus.

Wave |'V: Nucleus of lateral |emniscus and inferior colliculus,

Wave V : Inferior colliculus.
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Wave VI, VII - Higher brain centres.
Among the waves Jewett, 5th is the nbst stable. The negative
peak at the vertex with characteristic latency for the

foll owi ng reasons

i ndependent of state of arousal and age of the subject.

| ess tinme consum ng

easily accessible

- can be obtai ned near the behavioural threshold.

Sone other investigators argue that Wave 1 is nore stable

because of less inter-subject variability.

STI MJLUS: Hi gh frequency tone bursts or clicks are used

(Live and Sohnmer, 1972), Lickeman et al, 1973; Martin and
coats, 1973; Terkildsen et al, 1973; Thornton & Col eman, 1975;
Gol denberg & Derbyshire, 1975).

RESPONSE: Davis and Hirsh(1976) distinguish between 2 types
of responses.

(1) Onset arising frommultiple locations in the brainstem
It is characterised by wave pattern of 5-7 waves.

(2) At slow repetition rates at noderate intestities.

ELECTRCDE PLACEMENT

Terkildsen et al (1974) recorded fromactive el ectrodes
pl aced on vertex, nose, ipsilateral and contral ateral mastoids,

and honol ateral positions of the neck.
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Ref erence el ectrode - Left 3rd sternocostal joint of the

thorax, other investigators kept the active el ectrode
attached to the vertex, while reference el ectrodes were
attched to both neck positions. Wave 1, II, IV, v, VI
were higher in anplitude than with honol ateral vertex
records than with contralateral vertex recording. Wen
Wave 1 has to be elicited, then we record the onset brain-
stem potentials with an active electrode on the vertex

with a reference on the ipsilateral mastoid.

I nfant shoul d usually be sleeping and the elctrodes are
pl aced. The stinmulus is presented at an average of 1024
times. Initially they are presented at a noderately high
| evel. Once the characteristic wave is elicited the
intensity is decreased. The lowest intensity at which the
characteristic wave is obtained is taken as the threshold
of hearing. Basically in a response waveform we |ook for
the followng - the wave form latency of V and I, difference

of latency between V and |, anplitude of each waveform

This is essentially taken as a n response. This wave-
formreflect information primarily from 2K region. Variations
can occur due to many factors - maturation is necessary

for the occurance of the characteristic response.

Various investigators(Hecox and Gal anbos, 1974) ( Hecox,

1975; Sal anyctal, 1975) agree that newborns exhibit 3 waves
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(I, 111, V) in contrast the adult findings who nostly

show(M and VI1). Contradictory findings are reveal ed

by Hecox, 1975 who identified I, 1V, v. Another finding was
simlar to those found in the adults was that with the use
of repetition rate, individual wave clarity decreases. Wave
forms simlar to adults were found during the 1st year of
life(Sal any and Mckean, 1976) indicating that maturation

is necessary for the elicitation of these potentials.

Li ber mann, Sohner, Szabo(1973) observed shortening of
the latency of wave with advancenent of age in infants.
Studies reveal that the latency of V wave decreases progressively

wi t h age(Hecox and Gal anbos, 1977).

Gal anbos(1975) stated that threshol ds can be obtai ned
even in premature babies at 30 dB above threshold of adults,
and that the l|atency shortened systematically with increase in

gestational age.

Thus the reviewof literature shows that there is a
systematic shortening of | and V with age, this may be

due to progressive nylenisation in infants.

Response can vary withstimulus intensity and it can
be obtained at a low SL as 0 dBSPL when the subject is in
a rel axed state(for neonates) and infants they nust be
asl eep. Hecox and Gal anbos(1974). This procedure with the
neonatal population is usually not used for differential diagnosis

but only for screening.



EL ECTROCOCHL EOGRAPHY

Ecog neasures the peripheral activity of and thus proving
a reliable diagnostic tool for assessnent of hearing |oss
inchildren. Ecog is a test which notes, records and
nmeasures the averaged el ectrical signals between the pronontary
of the cochlea and the |obe of the ear in response of very
short acoustic stinmuli of alternating phase(Portnman and

Aran, 1971).

Ecog is the recording of stinmulus related potentials
generated in the cochlea, including the first order neuron
nanely the cochlear m crophonic, the conmound action
potential and summating potential. Electrocochl eagraphy
needs assi stance of personnel |ike a medical engineer,

ENT speci al i st, anestheliogist.

The evoked potential generated at the |evel of the
cochlea can be divided into 3 categories - the cochl ear
m chrophoni c, summating potential and action potential.
The cochl ear m crophonic being related to the anplitude
of displacenment of the cochlear partition over a considerable
frequency and intensity range. The waveformreflects the
wavef orm of the acoustic stimulus being in phase with the
anpl i tude of the novenent of the cochlear partition occuring

i nstant aneously after stinulus onset.
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Summating potential is a direct current shift that
continues through out the presentation of a stimulus. The
magni tude and polarity of this are dependent upon the

recording site, stinulus frequency and stinmulus intensity.

Action potential results from sinmultaneous discharge
of many individual nerve fibres. Action potential reflects
both the transm ssion energy of the hair cell and al so
the transduction of this energy in the 8th nerve while
the cochl ear m crophonic and summating potential reflect

activity at the level of the hair cell.

Procedure: Recording sites at pronontary(Portman, Lebert

and Aran, 1967). At the external Auditory neatus(Coats

Di cbey, 1970, 1972; Coats, 1974; Cullen, 1972). Pronontary
site is preferred because as the recording site is nearer

t he cochl ea good, distinguishable responses are avail abl e.
The pronontary recording involves the transtynpanic approach
whi ch needs general anesthesia. The infant is placed on

the cradle, general anesthesia is given and the guaze needl e
is passed throuthe tynpanic nmenbrane till it conmes in contact
with the pronmontary. This can be done even with neonates

a few hours old. Reference electrodes are placed on forehead

and nastoi d separately and respectively.

Action potential can be recorded fromeither pronontary,
external neatus or earlobe. Even here the pronontary recording

is prefered. The ear is then stinulated with sound sti nul
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of short tone bursts of alternate polarity - clicks which
generates the cochlear m crophonic and action potentials

which in turn are picked up by the el ectrodes and are sent

to the Averaging conputer. This cancels the Cochlear M crophonic

and adds the Action potential, which is the final waveform

RESPONSE ANALYSIS : Diagnosis is nmade with respect to

- anplitude and Latency of response to click at each intensity
| evel
- the latency of response near threshold.

- the absolute anplitude of maxi mum response.

The latency of the waveformis considered nost stable
because the other two are influenced by auditory and non-
auditory constraints. The abnormal response should be
conpared with the normal one. In neonates, the normal response
itself is found to have a prolonged | atency, dim nished
anplitude and el evated threshold conpared to adults. Nornma
t hreshol ds in neonates 35-45dBHL conpared with 28dBHL of
normal hearing adults. Waveforns can vary with respect to
intensity, interstinmulus interval, type of stinulu, recording
site and anesthetic agent.

Intensity - As intensity increases, the |atency decreased
upto a certain point. The anplitude of response al so
increases upto gradually at intensities upto 50-60 dBHL. At
high intensities anplitudes increases upto 80dB above which

it forms a pl ateau.
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Type of stimulus: High frequency elicits specific responses
because, the travelling wave of Bekesy takes 3 nsecs-7nsecs to
nove from base to apex and di scharges nore haircells and
nervefibres at the basal turn. Here Acoustic potential response
latency is 1.5-3 nsecs, thus stinmulation is mainly of the

basal turn of the cochlea and therefore high frequencies are
represented here, and therefore elicits clear Action Potentia
response. Thus Mendel (1977) states |ow frequencies to be

i neffective.

Anesthesia - This can also affect responses which is a result
of excessive swall ow ng action which produces electrical and
mechani cal artifacts in recording; so other forns are
recomrended such as inhal ati on met hods(Zonan et al, 1974).

El ectrode placenment - Responses are reconmended and are

dependent upon active electrode. Eggernont and Odent hal
(1974) give the follow ng values(cited in Gerber, 1977)
Round W ndow - 2 dBSPL. Pronontary - 5 dBSPL.

Annul us tynpani cua - 10 dBSPL. External ear - 30 dBSPL.

The round wi ndow gi ves best recording and the external
ear the poorest. But all tinme, pronontary recordi ngs cannot
be done and hence mnmust resort to the earl obe recording taking
precautions. In neonates studies have not been done with
regard to threshold determ nation only with respect to
abnormal variation or not as any other behavi oural nethod.

But various studies have been done with children for adequate
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threshol d determ nation w thout masking and good correlation
w t h behavi oural nethods was obtained (Aran, 1978;

Spoor, Eggernmount, 1958).

RESPI RATORY AUDI OVETRY

This is another non-behavi oural neasure of hearing
assessnment. It has been known long that the newborn infants
respond to |oud, sudden and brief acoustic stinulation
wi th changes of response. It refers to the assessnment of
auditory sensitivity in ternms of alterations in respiratory
cycl e consequent to acoustic stinmulation. Bradford(1968)
suggested that respiratory audionetry may be enpl oyed for

determ ni ng neonatal and infant hearing sensitivity.

Respiration in infants change right fromthe infant's
first breath to later ages. Neonatal respiration is
rapid and shallow. By 1 hour of age, there is a barelling
of the chest and increase in the antero-posterior dianeter.
By 2 hrs - 6hrs of age, respiration is variable and rel ated
to activity. This is essential to our study in Respiratory
audi onetry because it is necessary to know what a change in
response means consequent to acoustic stinmulation. A nedian
of 82 breaths per mnute in an neonate of 15-30 m nutes, 50-
108 in infants(cited in Gerber, 1977). The infants upto 6
nmont hs di spl ay abdom nal and di aphragmatic respiration

conpared to thoracic breathing of adults.



-712-

Pre-requisites of the Test

(a) State of the infant - Bodily novenent can affect the

infant's audi onetric assessnent. The input is usually taken
as sleep - light shallow sl eep(Bradford, 1975, Cannestrin,
1913). Suzuki et al (1964) recommended testing when the child
is awake.

(b) Stimulus - The optimal stinulus for bringing about
respiratory changes is yet to be assessed. Stinulus

rel evant are those related to infant hearing screening in

general i.e., puretones, noise, warble tones.

St ubbs(1934) found changes in respiration asresponses
to variations in duration and intensity of stinulus tone.
The variety of the acoustic stimuli that has been used for
testing neonate's hearing |eaves the audiologist in a
dil emma, thus also the stinmulus for respiratory audi onetry.
Heran and Jacobs(1967, 1968) recommend the use of puretones
of low frequency; Kunf and his associ ates advocated the
use of subjects own breathing as a response both to white
noi se and puretone acoustic stinmulus. Heron and Jacobs(1969)
recommended t he use of 4sec warble tone, Bradford(1975) used
pure tone stinmuli at 1KHz and 2KHz. so now t he audi ol ogi st

has a nultitude of alternatives to choose from

Intensity of the Stinmulus : Suzuki (1964) used 30, 40, 50, 60,

70, 80 dB presentation level. Heron and Jacobs(19691 used

war bl e tones at 40, 60 and | 00dB which was simlar to the
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intensity levels used by Glchert and Gerber in their study.

I n general, some investigators indicate difference in response
W th respect to intensity |level and sonme others indicate

no difference in response between intensity of the signa

and response( Heron and Jacobs, 1967, 1968; Mecean, 1976;

Ceens Maglions, 1978). Sone indicate maxi mumresponse at
threshold | evel, because at that |evel sound will be very
faint and the infant strains to hear it. Thus literature
shows no agreenent between the various studies done and

the intensity of the stinmulus used.

Responses: significant stowi ng of respiratory cycle of
adults, greater slowing for lower intensity sounds. Ronsey
et al (1964) found that respiratory rates slow down as the
threshol d of hearing is approached. Suzuki et al (1964)
investigated changes in respiration asthe follow ng (1)
changes in rate or depth of respiration, (2) Decreases
inregularity of response. (3) Appearence of sudden respira-
tion. According to Heron and Jacobs(1968) two inportant
paraneters affect maxi mum neonatal response timng i.e.

the optinmal tine for recording responses(lig hours before

feeding). They al so observed the gasp refl ex.

Basically the rate of response refers to the frequency
of the expiratory and inspiratory cycles. This is conputed

by counting the nunber of respiratory cycles per m nute.
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If respiratory rate is taken as the pattern of response, then,
it can be easily converted into ration or whol e nunber

integer to make intra or inter-subject data conparable

using an oscill oscope, change in respiratory pattern can

be seen here graphically. Heron and Jacobs al so consi dered
breath hol ding or prolonged inspiration as a respiratory
response. Bradford found jamng of a curve or an M shaped

pattern as a response.

Respiratory analysis - It can be done in 2 ways.

(a) Measurenment nethod - It involves the neasurenent of

rate and anplitude of cycles followi ng stimulation. Nunber
of cycles per unit time is taken. A conputer is used to
count the nunber of cycles instead of doing it manually.
After this, mean and nedian are cal cul ated and these

val ues are conpared with those initial values prior to

acoustic stinulation.

(b) Visual Identification - Bradford (1977) visually displayed

the respiratory curves and judgenent of the response
is made. Some investigators prefer the first method(Hogan,
1972) but Hartley and Hetrick(1973) prefer the second

met hod.

Envi ronnent plays an inportant role (variable) since
noi ses in the i medi ate environnent can produce a startel
reflex. Tnter stinmulus interval as in any other test is

important, since a definite time should be present at which
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t he response behavi our may be observed before the next
stimulus is presented. In sumary it can be said that this
kind of evaluation is useful in about 92%of the infants
and correlation was found to be consistent with that of
Behavi oural observation Audi onetry. Studies have al so

been conducted about the reliability and validity of the
test and the results of these studies were positive(Heron

and Jacobs, 1968; Kankunnen and Liden, 1971).

CARDI O VASCULAR MEASURES

Li ke ot her autonom c responses, the cardi ovascul ar
measures do not require subjects to make operant responses.
Car di ovascul ar neasures traditionally have taken the
formof heart rate that is, nunber of beats per m nute.

Cardi ovascul ar audionetry is preferable because it does

not enploy noxious stimuli nor does it necessarily need

an intact Nervous system thus it is not an invasive nethod.
A definition is needed which accounts for the differences

i n cardi ovascul ar behavi our between stinulus and nonsti nul us
conditions. Electro-cardiography with respect to acoustic
stinmulation is the electrical changes resulting fromthe
contractions of the heart consequent to acoustic stinulation.
These can be picked by el ectrodes placed on either side of
the heart. A cardiogramis obtained prior to acoustic

stinul ati on and anot her consequent to it and they are conpared.
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PROCEDURE : Electrodes are placed beneath the clavicle
to prevent interference of head notion. Placenent on |eg
i s advocated by some investigators to mnimse the noise
inthe signal due to the interference. Essentially, the
pl acenent site is at the discretion of the tester. The
infant is swallded and nade to lie quietly and placed in
the stabilinmeter. Initial nmeasurenent of the heart rate
is done. Later stinmulus is delivered and the hear rate

gain is measured.

STI MULUS PARAMETERS - 3 aspects of the stinulus mnmust be

considered - Spectrum Sound pressure |evel and duration.

St udi es done by Schok and Schatter(1942), Grahamand Cl efton
(1966) fail to notice any relation between spectrum and
heart rate nmeasures.

Sound Pressure level may or may not affect cardio-
vascul ar nmeasures. Lew s(1971) used 65 dB; Moreau(1970)
used stinmulus at 90dB; G ahamand Cifton used 75dB.
Stimulus duration - This area has not been yet investigated.
Whet her the cardiovascul ar response varies as a function of
energy is not known. Schater(1971) used stinmulus for 0.3
nsec; Cifton and Meyer(1969) used stinuli for 40-60secs.
Adifton and Graham Halton(1968) concluded that 10sec
signal is preferable. Oher investigators (Terkildson et al)
failed to find differential responses to stinuli of

varying duration of 1, 2, 4 or 8 secs.
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STIMILI - The stinmulus which is nost commonly used -
puretone(Beadl e Trowel |, 1962; Barl oschuk, 1964; Jansenka,
1967). Broad band noi se was used by Schul man and Kreeter,
(1970). Eisenberg(1974) advocated the use of synthetic

speech stinuli.

RESPONSE - The el ectrocardi agram consists of a series of
waves with one promnent 'R wave. Distance between two
consecutive Rwaves is a heart rate. Response here is
essentially a all or none phenonena. Eisenberg(1974) defines
a response as a consistent 5-8 shift in the direction of

| ower heart rate during stimulus band intervals.

Di sagreement between the nature of the heart rate
response and its managenent has resulted in different
findings regardi ng the formof response(Gerber, 1979).
Davis et al (1955) neasured pressure pul se, volunme pul se
and inter-pul se interval as responses to acoustic and
tactile stinmuli and found a bi phasic response consisting
of an initial decrease of interval (increase of rate), with
an acconpanyi ng decrease of pressure followed by increases
of pressure and interval which exceeded the prestinulus

val ues.

The heart rate of a newborn increases during a period
of 2-6 seconds follow ng acoustic stinulus, a decelerative

response in later infancy, this is a function of age(G aham
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and difton, 1966; Schul onan et al, 1970;). E senberg
(1974) in a study states that when synthetic vowel is

used as a stinulus, the response essentially takes its
formas bradycardia, a long | atency decel eration appears
during the newborn period. Heart rate changes bear upon
attentive nechanisns even in earliest of life. Mstly the
response is of a declerative type of considerabl e nagnitude
with a peak |atency of 6 secs or nore(Ei senberg, 1970).
This is followed by |ater accel erative response(Suzuki

1978) .

I n the neonatal population, one fails to find a
definite type of response which may be attributable to the
| ack of specific pattern of response, and patterning of
the response itsel f(Beadl e, Govell, 1962). A physiol ogi cal
view holds that the regulation of the heart rate is not
under the voluntary content and is inmrature with respect
to adult system As age inproves, regulation of heart
rate inproves. W see a variety of idiosyncratic responses

in early neonatal period.

ANALYSI S VARRABLES - It is inportant to note to viewthe

effect of howclose to the stinulus onset cardi ac response
neasurenent i s begun. Even in the absence of stinuli, heart
rate sonetines increases and sontines decreases thus formng
pseudor esponse. The inportance of analysis duration is

enphasi zed by the results of the studies conducted by G aham
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Adifton and Halton(1968) who indicated that "accel eration
began with in the first second and reached a peak by

the 4th second after which there was a decrease to approxi-
mately the post stinmulus level. Schul man and Kreter(1971)
Schul man(1970), Schafter(1970), Clifton(1968, 1969) did

i nvestigations on prestinmulus neasurenment. The principle
whi ch underlies these neasurenents is that judgenent of
presence of response is based on the changes in response

fromthe prestinmulus |evel.

Sonme prefer post stinulus nmeasurenentsfclifton, G aham
1968). Studies have not yet been adequate enough to cone
to a definite conclusion about period for anal yses. Gerber
(1973) considers 15 beats after stinmulus onset as the opti nal
period of measurenent. But, we cannot nmake a standard
period of nmeasurenent specified and an interval nust be
sel ected wherein there is a marked difference between

prestimul us and post stinulus condition.

Prestimulus state in accordance with the Law of Initial
Val ue by Wl der(1950) is an inportant variable which affects
response. Decrease in heart rate with increase in prestimulus
level is found simlar to that found in Behavioural observation

Audi onetry.

Respiration is yet another variable affecting response,
acceleration of heart rate during inspiration and decel eration

during expiration is seen.
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In short, the advantages of this evaluation can be
summari zed as that it is an objective test, thus it can be
used in the younger popul ation, it does not enpl oy noxious
stimuli, is not an invasive nethod. These advantages can
be wei ghed out by the fact that the idiosyncrasy of
responses got especially in the neonatal popul ation.

Ext ensi ve studies need to be done to make us definite of
the "normal expected response”. Control of variables nust

be done as far as possible to avoid pseudoresponses.

SUMVARY

We have in this chapter discussed the various non-
behavi oural nethods of hearing assessnment for the pediatric
popul ation. Essentially all these nethods have one fact
in common, that is they do not require the active cooperation
of the subject. This is a salient feature to be noted while
testing the newborn for earlyldentification. Wth the
infant it seens to be ideal since the infant is not psycho
logically mature to perform conditioning technigques which
can be performed by children of 3 and above. But as any
ot her tests of hearing, they have their own inherent draw
backs restricting thenselves to a certain portion of the
auditory systemas in El ectrocochl eagraphy, Brain Stem
Evoked response, etc. Measures such as respiratory audi onetry
and cardiovascul ar nmeasures essentially reflect the effect

of acoustic stinulation and the autonom c responses.



-81-

They are considered as indirect neasures of hearing that is
assessing hearing sensitivity through heart rate, respiratory
rate. These are also called physiol ogical neasures since
consequent to acoustic stinmulation physiological changes

are produced in the body such as alteration of the heart

rate - deceleration or change in respiratory rate.

No test is anend initself. It is best used in
conbi nation with other behavioural neasures. Since inform
screening or behavi oural audionetry can be easily done
wi th m ni nrum of sophisticated equi pnment, correlation between
an obj ective neasure and the behavi oural neasure nust be
done. Most of the centres in our country where early
identification is only devel oping, where early identification
i s onlydeveloping, only Inpedance at the nost is avail abl e.
So our diagnosis is made with the avail abl e equi pnment and

Behavi oural QObservation Audi onetry.

Anot her point to be noted is the use of sedatives.
Usual ly for the adm nistration of el ectrophysiological tests
use of sedatives is essential because the prestimnmulus state
necessary is sleep. Evoked responses are affected by the
use of sedatives and thus the responses obtained after the
use of Sedatives may not be valid. Moreover for nost of
t he el ectrophysi ol ogi ca nmeasures nmuch of work has not been
done with the neonatal popul ation and hence establishnent

of norms have not been done. Wthout the establishnent
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of normns, evaluation of responses are invalid.

In cardiac Audionetry we obtain a multiplicity of
responses and anong the neonates the responses vary to
such a degree, that no clear cut response is obtainable.
This idiosyncracy of responses deters the use of this
neasure in eval uation of hearing in the newborn and the
infant. The responses are al so a function of maturation
and thus this nustclearly be kept in mnd when eval uating

responses especially in BSER

The concl usi on we nust enphasi ze that a conprom se
bet ween t he behavi oural and non- behavi oural approach is
necessary to cone to an accurate diagnosis of hearing | oss.
Since in the newborn it is only a question of identification,
maxi num possi bl e clues nust ascertain it, and for this
as many net hods as possi bl e must be used to evidence the

fact.
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CHAPTER VII

RESPONSES

Webster's dictionary defines a response as "the activity
or inhibition of previous activity of an organi smor any
of its parts resulting fromstinmulation". Logically it is
i mpossible to accurately differentiate normal from abnornal
auditory systens anong children, if one is uncertain as
to what auditory response behaviour is typical of a child
with a normal auditory response systen(David C. Shepard,

1971) .

The child is viewed as a conpl ex of systems not only
capabl e of producing responses to auditory stinmuli, but
also to other sensory stinuli. The human organi sm
regardl ess of age is generally under constant bonbardment
by external and internal stimuli of differing sources and
magni tudes. Thus many a tinme the response to an auditory
stimulus mght overlap with the response that is occuring
to other sensory stimuli, thus producing erroneous responses
and wong di agnosis. Especially while testing neonates and
infants the audiologist will have to (1) set criteria which
defines an auditory response, (2) set up an imaginative
nmeasur ement procedure which can evaluate the auditory response
(3) set up response criteria that differentiates norma

hearing children from auditory defective children.
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The Auditory Response:- |In audiological terns it is sone

distinctive activity following the auditory stimulus. In
its sinplest form this post-stinulus activity in sone
way differs fromthe prestinmulus activity. The type of
activity the audiologist is seeking and the criteria are
vari able. Responses depend upon - response system chosen
for the production of auditory response, prestinulus

activity, age of the child and nagni tude of response.

Audi tory Response System - It involves a conplex neuro-

anat om ¢ and neurophysiologic structure that nedi ate the
final auditory response. Specific auditory response
systens include the cochlea and neural pathways and are

those only which respond to acoustic stinulation.

Non specific response systens - arethose that include a

| arge nunber of conponents and not specifically respondi ng
to auditory stinulation. They include those conponents
that lie wthin the CNS and those that |eave the CNS and

go to the point where the response is produced.

Broadly response systens can be calssified as
- Behavi oural response systens

- El ectrophysi ol ogi cal response systens.

Behavi oural Response System - Auditory responses produced

t hrough behavi oural response systens are characterized by

sone | evel of neuronuscular activity of the child under test.
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This response is either visually observed or audibly

heard by the audiologist; it can range to, speech utterances
whi ch are coctically controlled from archaic nuscle refl exes
subcortically controlled. The response of the child can

be geared through the pretest instructions, training and by

usi ng appropriate conditioning principles.

El ectrophysi ol ogi c Response System - They manifest thensel ves

as recorded changes in the electrical properties of body
structures as an indirect result of auditory stinulation
centres of responses here are found at many |levels of the

nervous system

Audi t ory Responses systens which are specific areonly

slightly influenced by neural inpulses descending fromthe
cortex. The responses can be elicited fromcochlea, VIII

nerve and brai nstem

Cochl ear response - It is an electrical response generated

in the hair cells occuring within 0.5 msec after stinulus onset.

8th nerve response - The Action potential occurs 1.5 nsec

after stinulus onset depending upon stinulus intensity.
Brainstem - An electrical waveformoriginating from the
superior olivary conplex consists of a series of 5 peaks

whi ch occurs approxinmately 2-7 nsec after stinmulus onset.

Non-specific auditory response systens

(a) Electrodernmal response systemterm nates with recordable
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changes in the electrical properties of the skin. The
nerve supply to the sweat gl ands have been found to be
conposed excl usively of the synpathetic nerve fibres of
t he Aut onom c nervous system An auditory stinulus of
sufficient nmagnitude can cause alteration of the sweat

gland activity.

(b) El ectroencephalic response - The response i s recorded

by placing an needle electrode on certain areas of the

cortex and the electricil activity that occurs after each
stimulus of a series of repeated stinuli are given to an
averager and the averaged response is recorded. The wave
formis divided i nto M ddl e conponent s(20-50nsec) and

| at e conponent s(80-200nsecs) dependi ng upon | atency from
stimulus onset. Mddle responses reflect acitivity of

the Heschle's gyrus and are to be stable in functionf ol dstein
and Mendel ). According to Vaiglin and Rtter the late

conponents enmunate fromprinmary auditory cortex.

(c) Hectro cardiac response - Here the responses reflects

el ectrical changes in the nuscles of the heart consequent

to auditory stinmulation.

(d) Sononotor Responses - Wen intense auditory stimulus is

presented to the ear several notor refl exes are possible.
They are Auropal pebral reflex, startle, Acoustic refl ex,

cochl eonyogeni ¢, vesti bul o-nyogeni ¢, cochl eo- neur ogeni c.
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These responses can be affected by psychophysi ol ogi cal
states of the child, |evel of anbient noise, spectrumof the
stinulus. The sononotor responses axe present at birth;

their inherent drawback was the inability to plot threshol ds.

Integrative - Associative Responses-

Thi s response system presupposes that an external stinulus
reaches the brain where certain anount of processing occurs;
as aresult of this cortical processing, pulses are trans-
mtted to various pants of the body causing changes in notor,
glandul ar, etc. In these sort of responses there is a process
of sorting, selection, association, inhibition and the end
process is reflected in both internal and notor activity of
the body. An auditory stinulus would result in changes in
the electrical activity of the cortex, (EEG, an orienting
reflex will follow, as well as changes in heart rate, respi-
ration, gal vani c skin response, etc. The nmajor strength of
these function tests is extrenely soft stinmuli can be used
even in children. These responses are useful only in testing
i nfants above 6 nonths where orienting reflex has not yet

been est abl i shed.

Mendel (1968) reported that the type of stinmulus used
is inportant to responses got, and that they occured nore

frequently to broad band stinuli than to narrow band stimnuli.
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Moncur (1968) states that the randomnovenents exhibited by
the infant mght |ook |ike response behavi our which can

give rise to a nunber of false positives. Robson(1970)
found that infant's respond better to conventional tests
(high frequency rattle, variate) than to puretones by nearly
30dB. Sanpl es(1978) reported responses nore to speech stiml
indicating its effectiveness, especially to natural speech.
She al so found a greater nunber of responses to right ear

whi ch may suggest a |eft hem sphere |ocalization for

speech in girls around 7 nont hs.

CGeor ge Mencher (1971) recommends that results should
be further classified to include - A clear response, Del ayed

response and Doubtful response.

Thi s agai n depends upon the audi ol ogi st who is testing
the child, his famliarity with the response. It is always
better to have 2 judges atleast while testing an infant so
that, there can be reliability as to what a response i s,

and when it occurs.

There are ot her questions which are rel evant how nuch
change matters in which direction and how soon after stimulus
onset? This especially with reference to cardi ac audi onetry.
St udi es done by CGerber (1973), Schater et al (1971) Swai n(1973)
showed that the cardio vascul ar response to sound nmay be
better reveal ed by neasuring the absol ute anount of change

wi thout regard to direction of change.
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To sumari se, the followi ng table provides us

with information on various kinds of responses.
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One cannot find agreenent in literature as to when
to expect the response after stinulus onset. Sone investi-

gators counted seconds or beats after the stinulus onset.

Since there are so many variations in the choice of
analysis time, it is no wonder that so many different
'responses’ have been reported. There nust be sone
interval within which it does not matter how | arge or snal
the analysis period is and beyond which it does nake a

di f ference.

In conclusion it needs to be enphasized that the 'response'

inthe field of pediatric Audiology is a very nebulous, it

may be overt or covert and hence chances are there for

the audiologist to mss it. A counter check should

al ways be done if possible by using a nonbehavi oural

nmet hod and supplenment it with the parent's observation

of child at home. At this stage, the nost inportant
recommendati on seens to be a 'follow up' which may confirm

the presence of a suspected hearing |oss.
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