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| NTRCDUCT! ON

Now we are in the area of evoked potentials. W owe all
of this to the pioneering observations of DanCei sl er, who was
first to denonstrate an auditory evoked potential based on the
princi ple of signal averaging by the conputer. He described
an average waveformw th a positive peak at about 30 nsec, the
response which we nowcall the MLR Bat little farther
research on auditory evoked potentials was carried out until
Davis and his group at "central Institute for the Deaf" began
serious work on what we know call the date or V potentials as
a vehicle for "objective audionetry". Then interest in
clinical exploitation of auditory evoked potentials began to

fl ower.

" Sohner and Fei nnesser (1967) were the first to report
t he nmeasurenent of eighth nerve action potentials with the use
of external electrodes. In 1971 Jewett and WI i aton published
their paper on what we now tall the auditory brain-stemresponse
(ABR) and the configurations what we use now are t he ones
that were again first used by Jewett et al and | ater used
by Hecox and Gal anbos (the configuration nentioned are the
Reman nunerals as used to identify the various conponents
of the auditory systemas seen on Brain-stem evoked response

audi onetry ( BSERA) .

According to Stockard at al (1978) "If one could directly

record fromseveral different |evels of the subcortical auditory
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pat hways in man, one would seen in first 10nsec fol |l owi ng an
appropriate acouatie stinmulus aeries of potentiala correspond-
ing to the successive activation of peripheral, pontonedullary,
ponti ne and md-brain portions of the pathway. Wen these
acoustic nerve and brain-stempotentials are vol une conduct ed
to recording el ectrodes at the vertex and earl obe, they form
a conposite series of potentials which are known as the brain-
stemaudi tory evoked responses. Study of the spontaneous
activity of the brain has a well established place in clinical
medi ci ne and so does brain electrical activity which is brought

about by an experinmenter or clinician and hence "evoked".

Audi tory brai n-stemresponse techni que has energed as
vital adjunct to the clinical armanmentariumof the Radiol ogists,
QG ol ogi sts and Neurol ogi sts, who jointly determ ne hearing
sensitivity, lesion site and central nervous systemintegrity,
pat hol ogy and maturation. ABR can provide information of val ue
frombot h an audi ol ogi ¢ and neurol ogi ¢ standpoi nt. A though
certain |laboratories use the technique solely for audiol ogi c
pur poses and others interested primarily in the neurol ogic infor-
mati on the response can provide as the 2 cannot be separat ed.
Hearing inpairnment and neurol ogi ¢ dysfunction may not be nutual ly
excl usi ve events. As the neurol ogic status of the patient can

I nfl uence ABR estinates of hearing inpairment and vice-versa.

In order to put the past into proper perspective, severa
|l ines of historical evidence nust be exam ned. Andiol ogie

"site of lesion tests were first developed in the late 1950's
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in an attenpt to localize 'retrocochlear foci". These efforts
wer e spear headed by peopl e |i ke Janes Jerger aad the North-
western group with the devel opnent of their special audionetric
test battery. This type of diagnostic audionetry served to
focus otologic attention en those di seases beyond t he cochl ea
affecting sensorineural function. Hence the evolution of
di agnosti c and therapeutic neasures use to manage acoustic
tunors is a nost interesting saga of nedical history. Selters
was the first to report the used of BSERA to detect acoustic
neuronmas. Then roughly around the 1970s otologic interest in
surgical treatnment of acoustic tunors was aroused by the work
of WIIliamHouse. He revised, devel oped and perfected the
m cr o- ot 0- neur ol ogi cal techniques currently used to successfully

renmove acoustic tunors.

In early 1970s Arnold Starr along w th associ ates Achor
and Ham | ton was gat hering data on di agnostic applications of
t he brain stem evoked response audi onetry by show ng how
acoustic tunors* brain stemtunors and hi gher |evel disorder*

uni quely nodi fied these brain stempotentials.

Evoked potential s nmeasurenent have cone to play an extrenely
I nportant role in diagnosis of patients who present with
synpt ons suggesting possible nultiple sclerosis. Robinson and
Rudge did the first extensive study of brain stem evoked
response audionetry in multiple sclerosis, which was a w dely

guot ed paper and one of the semal studies of the era.
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Therefore the recent application of brain stem evoked
response audi ometry haa been its use in neurol ogi ¢ di seases.
Brain stemlesions cause a selective absence or alternation of
one or nore of the response conmponents; patients with brain
stem damage (due to various types of tunors, denyelinating
di seases, dimniahed brain-stemcirculation and even brain
death) show either an absence of certain conponents or pro-
| onged |atency and reduced anplitude of reaponse conponents
This is what is described in the follow ng chapters under

separate categori es.

To add to the potpourri of the bow of tests BSERA

| eads us to the nmodern era of neuroaudi ol ogy.



NEURAL GENERATCRS OF THE AUDI TORY BRAIN STEM RESPONSE

| nt roducti on:

The useful ness of auditory brai nstemresponses (ABRsS) in
aski ng ot oneurol ogi cal di agnoses depends upon know ng t he ana-
tomcal origin of the various conponents of the ABR that can
be identified and upon know ng how vari ous pat hol ogi es change
these potentials. It is generally accepted that the ABR
recorded from el ectrodes pl aced on the scal p represent the
far field of the potentials generated by the fiber tracts and

nucl ei of the ascending auditory pat hway.

Throughout the first decade that ABRs were used to nmake
ot oneur ol ogi cal di agnoses the origins of the potentials were
determ ned on the basis of results of aninmal experinents
(Achor and Starr, 1980s, b; Britt and Rossi, 1980; Buchwal d and
Huang, 1975; Huang and Buchwal d, 1977; Rossi and Britt, 1980).

Recent studies in which a conpari son has been nade bet ween
the ABR and the potentials recorded directly fromdifferent
structures of the ascending auditory pathway in nman have
provi ded new insights into the neural generators of the human
ABR (Mol | er and Jannetts, 1981, 1982a, b, 1983b, e, 1984;
Mol | er, Jannetta, Bennett, and Moller, 1981; Ml |l er, Jannetta
and Mol l er, 1981). |In other studies abnorrmalities in the
ABR patterns of patients with confirnmed |esions in the ascendi ng
audi tory pat hway were examned to gain insight into the origins

of the ABR By correlating the location of the lesion with
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ehanges in the ABR, information about the origin of the diffe-
rent conponents of the ABR was obtai ned (Sohner, Fei nnesser,
and Szabo, 1974; Starr and Achor, 1975; Starr and Ham |t on,
1976y stockard and Rossiter, 1977).

Even nore difficult to determne than the origins of
conponents of the ABRis the relationship between the type of
anat om cal changes observed during intracrani al surgical proce-
dures and the changes in the ABR At present this problemis
being studied prinmarily by creating specific lesions in aninals
and then anal yzing t he changes whi ch occur in the recorded
far-field potentials (Achor and Starr, 1980b). However, in these
studi es the differences between the auditory nervous systens of

ani mal s and man nust al so be consi der ed.

The interpretation of ABRs is conplicated by the conplexity
of the ascending auditory pathway; the auditory systemis nore
conpl ex than other sensory systens and there are several connec-
tions between the left and right sides. The auditory nerve
termnates in the cochl ear nucl eus eonpl ex, which mainly contains
second- order neurons, but al so contains neurons of higher order.
These fiber tracts connect the hem spheres: nuclei of the nost
dorsal, the stria of Monakow, nmainly termnate i n the nucl eus
of the contralateral-lateral |emiscus sad the inferior colli -
culus; the other two tracts are the nedial stria (stria of Held)
and the ventral stria (trapezoidal body). Al three striae nmake
connections with the nunmerous subnuclei of the superior olivary
complex. Sene fibers |eaving the cochlear nucl eus reach the
nucl eus of the ipsilateral lateral |emiscus. The superior
olivary conplex contains nmainly third-order neurons and serves

as the first relay nucl eus that receives i nput fromboth ears.
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Fromthe superior olivary conpl ex connections are nade to the
inferior colliculus viathe lateral |emiseus, nostly by
neurons that receive their input fromthe opposite ear. Fibers
| eaving the inferior colliculus reach the thalamc auditory
rel ay nucl eus (medi al genicul ate body) via the brachiumof the
inferior colliculus. The primary auditory cortex receives its
input fromthis nucleus. It is generally assuned that ABRs

represent electrical events generated is subcortical structures.

Potentials recorded fromthe auditory nervous systemat a

distant to the generators (far-field potentials) are thought

to be of two kinds, nanely, summations of the neural discharges
of many fibers or nerve cells and potential s generated by
dendrites. Potentials of the first type are dependent upon the
| ocki ng of discharges to the tine pattern of the stinmulus sound,
and are characterized by sharp peaks. The latter type of poten-
tials are alow potentials that are nuch | ess dependent on
synchrony of firing and are thus | ess dependent on the transient

nature of the stinul us.

Neural generators:

Bl ectrical potentials of the ear and the auditory nerve:

Several different sound- evoked potential s can be recorded
fromt he cochl ea: the cochlear mcrophonic (CM, the summating
potential (SP), and the conpound action potential CAP)
see, e.g., Dallos, 1973). These potentials can he recorded

froman el ectrode placed on the round wi ndow or fromvari ous
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types of el ectrodes placed inside the cochlea. D fferent
types of sounds may evoke all three potentials bat each
potential is nost clearly elicited in response to a particul ar
type of sound. Thus, the CMis best seen in response to pure
tones of relatively | ow frequency, the SPis best elieited
by bursts of high-frequency tones, and the CAP i s seen beat
in response to transient sounds. |n snall aninals such as
cats, guinea pigs, and rats and CAP that can be recorded from
t he cochl ea shows two negative peaks (N, and N,) , the earliest
one (N, representing the synchronization in many nerve fibers
of the auditory nerve and the latter one (N,) representing
t he di scharges of nerve cells in the cochlear nucl eus (Fisch

and Ruben, 1962; M Il er, 1983ay Ruben, Hudson and Chi ong, 1982).

The potential recorded intracranially fromthe auditory
nerve in man has a triphasic shape: the earliest potential is
a small positive deflection, which is followed by a | arge
negative peak, which in turn is followed by a snmaller deflec-
tion (Mller and Jannetta, 1981). Thistype of response is
to be expected when recording froma long nerve with a field
potential which is the second derivative of the action poten-

tial (Lorente, de No.1947).

More di stal responses have shorter |atencies than do those
recorded nore promnally. The latency of the negative peak
varies with the sound intensity. It is lightly nore than 3 ns

in response to short bursts of a 2000 Hz tone at 100 dB equi val ent
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above normal hearing threshold (Ml ler, Jannetta, Bennett,
and Mol l er, 1981; Mol | er and Jannetta, 1961),a tine which
| a much longer than the |atencies recorded fromsnail aninals
and about 1 nma |longer than the N, that can be recorded from
t he round w ndow of the hunman cochl ea (Eggernont, 1974,
Eiberling, 1976). This additional delay in N, is one to the
greater length of the auditory nerve in man, which leads to
a rather slowconduction tine (20 mi's) (Engstromand Rexed,
1940; Lazorthes, Lacomme, Ganbert, and Planel, 1961). This
may al so explain why there is no clear evidence of an N,
potential whan recording fro* the pronontoriumin nman (Eggernont,
1974; H berling, 1976; Spoor, Eggernont, and Qdenthal, 1976)
In small aninals the N, has been shown to originate in the
cochl ear nucleus and is conducted well to the recording site
(round wi ndow) because the distance is short. The nmuch | onger
di stance between the cochl es and the cochl ear nucl eus i n man
conpared to that in snmall aninmals | eads to poor conduction of
t he evoked potentials of the cochlear nuel eas to the recording

si de (pronontorium.

A conparison of the potential recorded directly fromthe
eighth nerve and the ABR recorded differentially from el ectrodes
pl aced on the vertex and just above the pinna shows that the
potential recorded fromthe proximal end of the auditory nerve
appears with the sane |atency as does peak || of the ABR
Mol | er, Jannetta, Bennett, and Moller, 1961; Mol | er, Jannett a,
Mol I er, 1981, 1982; Mol ler and Jannetta, 1983c; spire Dohrmann,

and Prieto, 1982). The recordings were (btained in patients
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under goi ng neurosurgi cal operations to treat cranial nerve dys-
fanctions; in nost cases m crovascul ar deconpressi on was per -
formed to relieve hemfacial spasmor trigemnal neuralgia
(Jannetta, 1977; Jannetta, 198la, b) . The results of anal yzing
these recordsing lad to revise earlier interpretations of the
origins of the ABRa in man that assunmed that t he second peak
was generated by secondary neurons |ocated in the cochl ear

nucl eus.

Potential s Generated by the cochl ear nucl eus and superior olivary

conpl ex;

When a recording el ectrode on the eighth nerve is noved
froma | ocation near the porus acusticus to alocationthat is
close to the brainstem the anplitude of the potential decreases
and t he shape of the potential changes. The potentials recorded
fromthe eighth nerve near the porus acusticus have shorter
| at enci es than do those recorded fromthe nerve at a | ocation
near the brainstem |n addition, when responses are recorded
near the brainstema slownegative potential is seen to follow
t he sharp negative peak and a second negative potential is seen
about | ns after the first negative peak. This second negative
peak is nost |ikely generated by sound-order auditory neurons
| ocated in the cochl ear nucl eus, while the slowpotential is
probably generated by dendrites in the coehl ear nucl eus (Ml er

and Jannetta, 1982a).

The coehl ear nucleus in snmall animals dom nates t he brai n-

stemand is | ocated near the entrance of the eighth nerve, but
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inman it is a conparatively snmall part of the brai nstem and
I s pushed backwards by the larger inferior cerebellar peduncle.
It is, therefore, difficult to gain direct access to the coch-
| ear nucleus of man in a lateral approach. Conclusion that
second peak is |l ocated i nthe brainatemand not in the nerve trunk
al ong which the electrode ia noved (Ml ler and Jannetta, 1982a,
1983a). Wien these intracranial recordinga are conpared to the
ABRs recorded simltaneously fromscalp el ectrodes, this peak is

seen to appear with the same | atency as does peak |11 of the ABR

In a patient who was operated upon for a tunor of the fourth
ventricle it was possible to obtain direct access to the nedi al
side of the cerebellar peduncle and thus the cochl ear nucl eus
or itavicinity (Mller and Jannetta, 1983b). Recordings from
this |l ocation showed a potential with a | arge negative peak,
the latency of which was simlar to this second negative peak
in the recording froma root entry zone of the eighth nerve.

The initial positive deflection ia assuned to have originated in

t he proxi mal portion of the auditory nerve, where it enters the
cochl ear nucleua. It nmay therefore be assuned that this aecond
peak ia generated by secondary auditoty neurona |located in the
cochl ear nucleua. This leds strong support to the hypothesis that
peak |11 ia generated nmainly in the cochlear nucleus. Oiginally,
it was thought that peak Il originated in the superior olivary
conpl ex, but the facts that as additional delay occurs in the audi
tory nerve and that peak Il has a nmuch |larger anplitude than
peak Il support the hypothesis that peak Il ia generated by a

relatively | arge nucl eus, such aa the cochl ear nucl eus.
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Wile it isrelatively easy to record the evoked poten-
tials fromthe superior olivary conmplex in animals, it is
difficult to record fromthis nucleus in man due to the
relatively small size of these nuclei, which necessitate a
very precise placenent of the recording el ectrode, and the
fact that the nuclei are located belowthe |ateral of the
brai natem \When the recording electrode is noved fromthe
REZ to a location on the brainstemthat is presumed to be
ever the superior olivary conplex, this third peak rose in
anplitude, indicating that this latter location is closer
to the source of this third peak than was the entrance to
the brainstem The latency of this third peak is about 1 ns
| onger than that of the second negative peak, indicating
that its source is third-order auditory neurons. Third-order
auditory neurons are known to be located nainly in the supe-
rior olivary conplex, although presunmably there are a nunber
of third-order neurons also in the cochlear nucleus of man,
as has been shown to be the case in animals. A though this
third peak has a latency that is close to that to peak IV in
t he ABR recorded simultaneously determnation of the generators
of peak IV is complicated by the fact that the major parts
of the ascending auditory pathway cross the mdline at this
| evel while some parts continue uncrossed toward hi gher audi-

tory centers.

The concl usions that can be drawn fromthe results of

this work are that peak | originates exclusively fromthe
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distil part of the eighth nerve; that peak Il originates
mainly fromthe proximal part of the eighth nerve, although
there may be some small contribution fromother nore dista
parts of the auditory nerve; that peak Il is mainly gene-
rated by the neurons in the cochlear nucl eus but nmay receive
sone small contribution fromnerve fibers entering the coch-
| ear nucl eus; and that the neural generator of peak IV is
third-order neurons, nostly those |ocated in the superior
ol ivary conpl ex but al so those in the cochl ear nucl eus and
probably also in the nucleus of the lateral |emiscus. Al though
ot her studies of the neural generators of ABRs in nman based
en intracranial recordi ngs have obtained essentially simlar
results (Hashinoto, |shiyama, Yoshinotos and Nenoto, 1981,
Spireet al, 1982), this interpretation, particularly regarding
peaks Il and IV, should be taken as a sinplification. There
i's no doubt that other sources in addition to these two nucl ei

al so contribute to peaks Il and IV of the ABR

In conparing potentials recorded intracranially to the
ABRs recorded in the traditional way (the difference between
responses fromel ectrodes pl aces on the vertex and t he i psi -
| ateral mastoid) we found that the intracranial potentials
did not always occur precisely with the sane |latencies as did
peaks in the ABBs (MIller, 1983 a). There was thus not al ways
an exact match in tine between potentials recorded intracra-
nially and those recorded extracranially. A simlar observa-

tion was nade by Hashinoto et al (1981). He ascribe that
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occasi onal lack of an exact match between t he peaks of poten-
tials recorded intracranially and those recorded extracranial ly
to the way ABRa are traditionally recorded: nanely, differen-
tially between el ectrodes placed at the vertex and the ipsi-
| ateral nmastoid. Since both of the recording electrodes are
| ocated at sites that are electrically active (vertex and
mastoid), the resulting potential will be the difference
between the potentials recorded at these two |l ocations. |If
t he peaks of the potentials recorded at these two sites do
not occur at precisely the sane tine, the resulting difference
potential will have peaks that occur with latencies that are
different fromthose of the peaks in the potentials occuring at

either of the two el ectrode | ocations.

More often, earlier conponents of recordings fromthe
vertex have snaller anplitudes and peaks V, VI and VI1 are
nore evident. In recordings fromthe nastoid the first three
or four peaks usually have the |argest anplitudes whil e peaks

V, VI and VIl have relatively | ow anplitudes.

Potentials Recorded fromthe Inferior Collicul us:

It has generally bean assuned that peak Vin the ABRIis
generated by the inferior colliculus. Wile this is nost
likely true in the snail experinental aninals usually used
In auditory research, recordings fromthe inferior colliculus

in man showthat this is unlikely to be the case in man.
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Typi cal potentials recorded fromthe inferior colliculus in

man in response to contral ateral sound simul ation.

Wien the potentials recorded fromthe inferior colliculus
are conpared to the ABR both being recorded in such a way t hat
| ow frequencies are preserved, it is seen that the negative
peak in the response fromthe inferior colliculus has about
t he sane | atency as does the vertex negative potential (Mller
and Jannetta, 1982b, 1983c), usually known as the SNy, (Davis
and H rsh, 1976). This indicates that the main neural generator

of this potential is nost likely the inferior collicul us.

When the slowpotential is renoved by filtering, a aeries
of two to three peaks is seen to followthe initial positive
peak. These sharp peaks probably represent synchronized firing
of neurons in the inferior colliculus. Wen the potentials
recorded intracranially fromthe inferior colliculus are conpared
to those recorded fromthe vertex using a noncephalic reference,
the | atencies of peaks V,VI, and VII of the potentials recorded
fromthe scalp and the first, second, and third peaks of the
potentials recorded intracranially ook nearly identical (Mller
and Jannetta, 1983c). Wien the intracranially recorded poten-
tials are conpared to the AHRs recorded in the traditional way,
differentially between a mastoid and a vertex el ectrode, the
mat ch between the peaks in the intracranial and scal p recordings

Is less perfect. This discrepancy is due to the fact that the
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two | ocations (mastoid and vertex) fromwhich the ABRs are
recorded differentially fromthe scalp are both active and
the | atencies of the peaks are slightly different for the two
| ocations. Adifferential recording fromthese two | ocations
consequently differs fromthe recordi ngs nade fromeither of

the two | ocati ons al one.

It is inportant to enphasize that the neural generaters
of peaks IV, v, VI, and VI| are conplex in that nore than one
anatom cal structure contributes to each peak and that each

anatomcal structure contributes to nore than one peak.

Effects of Pathologies on Near-field and Far-field Potential s:

To understand t he changes in the far-field potentials (ABRS)
that result frompathol ogi cal changes in the nerves it is nece-
ssary to understand the changes that such pathol ogi es cause
in the near-field potentials. However, the effects of various
pat hol ogi es on the potentials that can be recorded fromnerve
tracts and nucl ei have not been studied to the sane extent as
has the nornmal response. Thus, the changes that can be expected
as aresult of certaininsults are largely unknown. dinica
experi ence, however, has shown that various types of pathol ogi es
result in a prolongation of the |atencies of the various peaks

in the ABR

The effects of pathol ogies such as tunors on the far-field
potentials (ABR have been studied extensively in patients whose

site of lesion is known.
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Studies of patients with acoustic neuronas has been the
noat useful in correlating specific changes in the |atencies
of the peaks in the ABRto the particular |esion involved.
ABRs are generally assuned to be anong the nore inportant
dat a obtai ned i n otonearol ogi cal testing of patients with

i ntracrani al | esions.

The uncertainty as to just what the neural generators of
el ements of the ABR are has, however, made it difficult to
determ ne exactly which of the changes seen in ABRs are nost
specifically correlated with certain di seases. For instance,
an increase in the latency of wave V of the ABR had generally
been regarded as being indicative of an acoustic neurona.
However, when nore information about the neural generators of
t he ABR was obtained, it becane evident that in nost patients
who had acoustic nerve tunors a shift in latency of peak 111
occured, a finding which agreed with previous findings that
peaks | and Il are generated by the auditory nerve and t hat
peak Il is generated by the cochlear nucleus (Mller and Ml | er,
in press). The anplitudes of the potentials and their wave
f ormnor phol ogy al so Change as aresult of injury, bat the two
| atter paraneters are not as well utilized in clinical diagnosis

as is the change in | atency.

There are several factors that may change t he anplitude of
t he evoked potentials, one of which is insult to the nerve,

Wien recordings are nade fromthe auditory nerve, cochlear
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nucl eus, and probably also fromnore centrally |ocated struc-
tures, the degree of synchrony (phase | ocking) of discharges
is alarge factor in determning the anplitude and t he shape
of the potential. |If synchrony is inpaired, the anplitude
wi Il change will change but the |atency may be rel atively

unchanged.

It isnoredifficult to obtain accurate and reproduci bl e
neasures of the anplitudes of evoked potentials than of their
| atencies. This is true of near-field as well as far-field
potentials. Thus, the anplitudes of near-field potentials nmay
be greatly affected by such factors as the exact pl acenent of
t he recording el ectrode or shunting of fluid, while these sane
factors do not affect latency to any noticeable extent. This
I S one inportant reason why exam ni ng changes in |atency has
been preferred over studying changes in anplitude to detect
various abnornalities. Nevertheless, there is no doubt that
the anplitude and t he waveformof the evoked potentials carry
much information that can be of value in the diagnosis is dis-
orders of the auditory nervous system This is shown, for
I nstance, in the discovery that putting traction on the audi -
tory nerve in patients undergoi ng operations for cranial nerve
dysfuncti on produces a nunber of changes in the shape of the CAP
that can be recorded directly fromthe nerve, as well as causing

an increase in the latency of the ABR (Ml ler and Jannetta, 1983a)

anot her reason for studying characteristics of ABRs ot her

than their latencies is that non-neural factors can affect
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| at ency. Notabl e anong these is hearing |l oss resulting from
defects in the conduction of sound to the inner ear (mddle
ear disorders) or fromdamage to hair cells in the inner ear.
These factors prolong the | atency of inpul se conduction, and
I f not taken into account may lead to a m staken interpretaion
of the ABR Wen click sounds with broad spectra are used as
stimuli, it is mainly the high-frequency part of the spectrum
that is the effective stimulus in people with normal heari ng.
Si nce hi gh-frequency sounds only travel a short distance on the
basi | ar nenbrane, this travel tine contributes only slightly
to the latency of the ABRin people with normal hearing. How
ever, in people who have | ost their high-frequency hair cells
(commonly the elderly or peopl e who have noi se-i nduced heari ng
| osses) the |ower-frequency conponents constitute the effective
stinulus? since these conponents travel a |onger distance on
t he basil ar nenbrane there is an additional del ay whi ch adds
tothe latency tine of all the peaks. |f not taken into account,
this latency increase may be confused with an increased neur al
conduction tine. There are several ways of conpensating for
this possibility in testing for neural conduction deficits. One
way is not to use absolute | atency val ues but instead to use
t he i nterwave | atenci es between waves | and Il or waves | sad
V; another way is to test the responses to tone bursts rather
than click sounds. The |atter nethod works because of |ocation
of maxi mal deflection of the basilar nenbrane in response to

tones i s independent of the sensorineural hearing | oss, which
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in turn neans that the tine it takes for the traveling wave
to reach the location of nmaxi mal response of a pare tone is
I ndependent of the popul ation of sensory hair cells. Conse-
quently, the latency of the response to tone bursts is rel a-
tively i ndependent of the size of the hair cell popul ation,
as long as there are sone hair cells present. For this
reason the |latency of the response to | owfrequency tone bursts
(of e.g., 2,000 Hz) is |essdependent on degree of cochl ear
hearing | oss than are the | atencies of the responses to click

sounds.



AUDI TCRY BRAIN STEM RESPONSE | N El GHTH NERVE AND BRAI NSTEM

LESI ONS

Auditory brain stem (ABR in 8th nerve and | ow brain stem
| esi ons:

| nt r oducti on:

Fromthe first reports of abnornal auditory behavior in
the 1890s until the present the patient with acoustic nerve

tunor has been the subject of considerabl e di scussion.

The advent of auditory brain stemresponse (ABR) in the
site of lesion testing has markedly enhanced sensitivity in
t he detection of eight nerve and lowbrain stemlesions. In
t hese pati ents changes may occur in |atency norphol ogy or both

in the affected ear. In large tunors responses fromthe con-

tralateral side may be affected as well. The changes affect
waves | and Il on the affected side sothat | tolll are
pr ol onged.

ABR is so sensitive to 8th nerve tunors that it may
act as a nonitor for patients who have | esions small enough
to escape routine radiologic evaluation. Thus ABR is hel pful
in screening relatives of Von Recklinghausen's syndrome so
much ao that after baseline screening with conputerized axi al
t onogr aphy or magnetic resonance i naging (M) and hearing
tests wwth ABR, annual re evaluation is only audiologic utiliz-
ing hearing tests and ABR ABR has al so been effective in
det ecting vascul ar lesions of the lowbrain stem it yielded

no response or |atency del ays of ABR (Coats. 1978; Stockard.
1980) .
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Pat hophysi ol ogy:

Wi | e considering the various pathol ogies of the 8th
nerve and low brain stemtunors, specifically the acoustic
neuroma or schwannona head the list. The tanors of the
brain stemcan also be called as posterior fossa tunors
and can be classified into two types.: Intraaxial and extra-
axial tanors. Intra axial tanmor is a neoplasmwhich originates
within the brain stem The extra-axial tanmor originates
outside but close to the brainstem The extra axial tunor
I nfl uences the auditory nerve resulting as neuronas or
nmeni ngi omas. Vascul ar lesions of the brain stemare al so

of great clinical significance.

The nost common tunor found in the cerebell opanti ne angl e
and | ow pontine area is the acoustic schwannonma or acoustic
neuroma. Wen snall, the neuronma is usually |located within
the internal auditory canal but with growth it insinuates
into the cerebel |l opontine angle. | n noat cases the neuroma
erodes the walls of the internal auditory canal which can be
seen in radiological studies. Synptons of auditory and
| abyri nt hi ne i nvol venrent occur early in the disease and
I ncl ude deaf ness, tinnitus and disequilibrium A nmeningi ona
originates in the tentoriumof the dura covering the cere-
bel | opontine angle. Initially the neningi oma conpresses
only cerebel | opontine angle structures and not the auditory

nerve, but continued growh will usually affect the auditory
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nerve, synptons of auditory and | abyrinthine invol venent

occur in cases of neuromal ater.

When the tunor stretches or conpresses nerve fibers
It may sl owthe conduction velocity of the nerve inpul se.
The desynchroni zation of the firing rate of neurona as a
result of a variety of pathol ogi es nay be nore pl ausi bl e

expl anati on ( Egger nont, Den and Brackman, 1980).

Changes in vascular supply to the internal auditory
nmeatus and |ow brain stemmay al so occur with resultant
synptons and clinical findings tospace-occupyingl esions
(Mailer and Mol ler in press, Starr and Achor, 1975). Because
vertrobasilar systemis the origin for the anterior inferior
cerebel lar artery (which arises fromthe basilar artery and
travel s superiorly tothe lAMand its collaterals, including
the internal anditory artery, deficiencies inthis network
may subsequently be noted in the ei ght nerve and ot her cranial
nerve functions. The arteries nmay becone restricted in dia-
nmeter secondary to arteriosclerotic changes and conprom se
osygenation in this area. These results may al so conpress
t he adj oi ni ng nerves, causing damage to the central nyelin.
The pul satile pressure of the artery on the nerve may create
hyperfunction or total loss of function. These nerves then
may be disrupted fromtheir normal activity, resulting in
tinnitus hearing | oss and vesti bul ar disorders (Ml ler and

Mol ler in press).
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The eighth nerve is not only nerve sensitive to vascul ar
conpression. The facial (MI1l and trigemnal (V) nerves may

al so be damaged doe to conpression of a simlar nature.

The pul satile pressure may create artificial stimulation
or conpression of the nerve, resulting in hemfaeial spasm
and trigemnal neuralgia. 1In cases of hemfacial spasm the
close proximty of the dysfunctioning nerve to the eight
nerve may result in disruption of auditory nerve function
wi th subsequent changes in the ABR (Ml ler, Mller and Jannetta,
1982). Hence the greatest otoneurol ogical value of ABRIsS
its high detection rate for eighth nerve and | ow brain stem
| esions. This sensitivity is better than any ot her audi o-
| ogi cal test for the detection of eighth nerve and cerebel | o—
ponti ne angl e tunors (Misi ek, Miell er, Kobbe and Rackll|ffe,
1983b) .

ABR fi ndi ngs:

Selters was the first to report the use of ABRto detect
acoustic neuronma and the nost consistent finding was the absence
or increased |atency of wave V. Later Eggernont et al in 1980
found that selective action of a tunmor on high and | ow frequency
fibers of the auditory nerve nay be responsi ble for ABR wave V

del ays.

Further aberrations of the ABR caused by an acoustic tunor

I ncl ude m ssing conponents, increased absol ute | atenci es.
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I ncreased interpeak intervals and reduced anplitudes.

There are 3 ABR | atency neasures in defining eighth nerve
and |l ow brain stemlesions. Absolute interwave and interaural
|atency differs (ILD are hel pful in detecting retrocochl ear

I nvol venent .

1. Inter wave neasure or inter peak intervals:

The nost powerful |atency nmeasure in the detection of
ot oneurol ogi cal deficits is the interwave neasure on inter
peak interval determnation specifically I-Vinterval. The
primary purpose for determning these is to localize the

| esi on.

Avariety of studies have indicated that the 'nornal'’
I-Vinterval is approximately 4.0 ns8 with a standard devi a-
tion of 0.2 ns (Chiappa, d adstoneand Young, 1979? Egger nont
et al. 1980; Musiek and CGeurkink, 1982). The |-V Iatency

I nterval can be broken down into I-IIl and Ill-V intervals.

The normal I-111 latency is slightly greater than 2.0 ns
while the normal nean II1-V latency is slightly less than 2.0 ns
Standard deviations for I-11l and I11-V intervals range between

0.1 and 0.2 ns (Chiappa et al 1979; Eggernont et al, 1980;
Stockard, 1982).

In the majority of cases wth acoustic tunors the early
waves may be undefinable. Hencel-11l or Ill-Vintervals

cannot be neasured. |In the cases where the waves |, Il and V
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could be identified, thel-11l interval was nore affected
than the Il1-V (Eggernont et al). Harris and Alnguist in
1981 found that tunors of the acoustic nerve and cerebell o-
pontine angle can result in an increased 111-V and a norna
[-111 latency. |In a patient with a suspected new ona of
the auditory nerve only wave | denonstrated nornal absol ute
| atency. The interpeak intervals werE prol onged for waves
[-111 and I-V but were normal for 111-V. These results were
interpreted as indicating that the | esion was between t he
generators of waves | and IIl. Surgical results confirmed

to location of the neuroma as being on the auditory nerve.

In subjects with vertebral basilar di sease, as reported
by Ragazzoni, Amantine, Rossi et al (1982) increased inter-
peak i nterval s were observed. Rosehall et al (1981) noted
abnormal I-Vintervals in patients with vascul ar di sease of
the lowbrain stemregion. |Increased interwave intervals
wer e observed in subjects with conpression of the arteria
|l oop in the cerebello pontine angle. Increased |I-I11 and
I11-Vwave Intervals have been reported for patients with
hem faci al spasm secondary to vascul ar conpression (Mller
and Moller). Also in patients with vascular conpression in
the brain stemresulting in trigemnal neural gi a have yi el ded

an increased I11-V interwave | atency.

2. Absol ute | atency:

I n Cases where wave | 1 s absent some alternate neasure

to the interwave or interpeak interval nust be enpl oyed and
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absol ute Latency being an exanpl e of the neurol ogi cal function.
One of the nost consistent finding in the detection of acoustic
neuromas has been the absence or increased | atency of wave V.
In the normal ears the |atency of wave Vis 5.0 to 5.8 ns. The
absol ute latency of wave V greater than two standard devi ations
beyond the nean for nornal hearers i.e. any |latency greater

than 6 nms was suggestive of a retrocochlear lesion (selters).

In a study conducted by -John W House and Brackmann in
1979 on 136 patients with acoustic neuronmas they found either
a del ay or the absence of wave Vin 143 patients. Inthe
vascul ar disorders of the brain stemthe absol ute |atency of

wave V was found to be prol onged.

Further in patients with acoustic neuronmas or neni ngi onas
the latency of the waves distal to the tunor are typically
within normal Iimts while those that originate proxinally
w Il be prolonged. Absolute |atencies have been shown to be
of value in detecting eighth nerve cerebel | openti ne angl e
tunors and vertebrobasilar lesions in a nunber of studies |ike
(Bauch et al 1982; dems and McGee, 1979; d aascock, 1979;
Rosehal | et al, 1981).

3. Interaural latency difference (ILD):

It is one of the nbost commonly used | atency neasures. Here
t he conpari son of wave V absolute |latencies for each ear is
carried out. According to dema and McCGee (1979) and Terkil dsen
et al (1981) the ILD of greater than 0.3 ns are significant
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tad may indicate a retroeochlear |esion. Hearing | oss nust
al so be kept into account. dems and McGee in 1979 said
t hat when hearing loss is greater than 65 dBH. a 0.4 ns |ILD

criteria nmust be enpl oyed.

Wave formnorphol ogy: This is nost subjective index and ean be

classified as -
1. Totally absent or unreadabl e waves.
2. Absence of certain waves.

3. Noi sy wavef or ns.

1. Total absence:- An acoustic neuroma will typically reduce

t he nunber of conponents of the ABR and result in absence
of all waves or unreadabl e wave forne. Selters and Bracknann
(1977, 1979) reported that approxi mately one-half of their
acousti c neuroma subjects had no response for ABR Harker
(1960) reported 28%of his patients with acoustic tunors

showed no ABR. It nmust be kept in mnd that if the hearing

| oss i s severe enough, there may be an absent of ABR wi t hout

any retrocochl ear invol venent.

Total absence of ABRwaves is nore likely to occur in an
eighth nerve or lowbrain stemlesion if there is hearing | oss.
In patients with neningionmas t he absence of specific waves is

generally determned by the location and effects of the tunor.

If the nmenigiomas originates high in cerebell opontine angl e
tunmor, conpression of the brain stemmay affect only the |ater

waves. |If the meningioma is |located closer to the pens, only
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the early ABR conponents can be nodified. |If the hearing is
good only wave | is noted (House and Brackmann, 1979). WAave
| is generated at the nore lateral aspect of the auditory
nerve and nost acoustic tunors arise nore nedially, close to
t he cerebel | opontine angle. In the lesions of the cerebell o-

pontine angle or low brain stemthe acoustic nerve segmnent

i's responsi ble for generating wave | has a probability of being

I nt act .

2. Partial absence: Ei ghth nerve or lowbrain stemlesions

yield a variety of other wave formabnornmalities. The
waves | and Il may be present and wave V absent. This
finding is nore common in high brain stemlesions and has
been reported in the | esions of the cerebell opontine angle
(Harris, and Al ngui st, 1981, Rosehall, 1981). An absence
of wave Il with a normal | and V wave al so has been

reported (MIler et al, 1982, Howe, 1981).

3. Noisy wave forns: This is the nost subjective analysis. |f

the patient is quiet during testing and has good heari ng and
no techni cal problens (eg. electrode contact), yet the wave
formis noisy and poorly forned, retrocochl ear invol venent
shoul d be considered (Misi ek, 1982). This nust be viewed

as a 'soft sign'.

To reiterate interpretation of noisy waveformand totally
absent wave nust be based on audionetric infornation as these

can occur wth cochl ear invol venent and hence be rul ed out.
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Amplitude ratio : Another index of value in detecting retro-

cochlear lesions wwth ABRis the anplitude ratio (Misiek, Kibbe,
Rackliffe and Wi der, 1984) and can be applied specifically
to eighth nerve and I owbrain stemlesions (Hecox, 1960,

Misi ek et al 1984, Stockard, 1977).

Anplitude ratio is the anplitude of wave V conpared to
wave |. Aratio of less than 1.0 is considered abnormal in
t he adult popul ation. Misiek found that of 25 ears with
retrocochl ear |esions where both waves | and V were present.
11 patients had abnornmal anplitude ratio further it was noted
that in 4 of the 25 ratrocochl ear ears the only ABR abnornality

was anplitude ratio.

Repetition rate: There have been several reports of eighth

nerve or brain stemlesions that have show significant wave V

| atency shifts or degradati on of wave V norphol ogy at hi gh repe-
tition rates (Paludetti, Musizi and Gtavini, 1983; Wber and
Fui zi bawa, 1977; Yaga and Yaga, 1979). It is believed that the
use of high repetition rate stresses the auditory system and

I N sone cases can uncover an abnornality. The physi ol ogi cal
basis for repetition rate studies is the neural refractory period
The absolute refractory period is the tinme interval in which

t he nerve cell cannot respond. |If the nerve cell or cells are
not functioning properly a longer refractory period nmay be

detected by enploying a high repetition rate.
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To exam ne the repetition rate effect, conparison of
the latency of wave V at high and |low repetition rates is
regaired. |In normal subjects there is an increase in wave V
| atency for the high repetition condition (Don, Alen and
Starr, 1977? Paludetti, 1983). Hecox in 1980 gave a formul a
for finding the upper limt of acceptable |atency shift,
which is determned by 0.006 ns nultiplied by the difference

bet ween high and lowrepetition rates plus 0.4 ms.

The effects of increased repetition rate on the ABR
have been docunented in normal (Don, Allen and Starr, 1977;
Hydest ephens and Thornton, 1976? Wber and Fuji kawa, 1977)
and neurol ogi cal Iy i npai red human subj ects (Hecox, Cone and
Blaw, 1981). Cenerally an increase in repetitionrate wll
differentially prolong wave | atency whi |l e decreasi ng wave
anplitude. The nore rostral the response the greater the

| at ency shift.

pposite ear effects in cerebell opontine angl e tunors:

A large CPAtunor in an individual may displ ace or
conpress the brai nstemenough to effect the ABR fromthe ear
opposite the lesion (Lynn and G | roy, 1980; Musi ek, 1982).
Thi s finding has several inportant clinical inplications.

One of these is a rationale for performng an ABR or patient
with absent or very poor hearing in an ear which is suspected
of having an acoustic tunor. Since the hearing nmay be too

poor for the ear in question to be tested by ABR, the opposite
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ear can be assessed for any ABR abnormality. |If ABRresults
are abnornmal in the ear opposite the suspected | esion, there
may be brai nsteminvol venent resulting froma | arge CPA
tunor and can be an inportent information to relay to the
surgeon. The nost common finding has bean that only the
ABR waves TV and V are affected for the ear opposite the

tunor (Muisi ek, Kibbe and Strojny, 1983 a) .

Laterality:

Excl uding | arge CPA tunors, acoustic tunors typically
affect the ipsilateral ABR Wen there is a lesion of the
|l ow brain stemthe effects nmay not be cl ear when the |esion
isinthe brain stem ipsilateral and bilateral findings
are nore common (Misi ek and Geur ki nk, 1982). However to a
| esser extent, contralateral abnornalities may al so exi st
(Stockard, Stockard and Sharbrough, 1979). Laterality find-
i ngs depend on many factors such as ABR recording sites, the
| evel (rostral or caudal to the level of auditory decussation),

si ze and type of |esion.

Finally not all the discussed indices shoul d be vi ewed
as having equal clinical value. The |atency neasures renain

the nost valid and reliable tool for ABR assessnent.

Auditory brain stemresponse in upper brain stem| esions:

The principal auditory centers and pat hways of the upper
brain stemthat give rise to conponents of the ABR -
1. Rostral extension of the lateral |emniscus in the upper

part of the Dons.
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2. Inferior colliculus located in the caudal region of the
m dbrein, and
3. Medi al genicul ate body of the caudal thal amua (Mbst rostral

part).

The lateral |lemniscus (LL) is the principal ascendi ng
tract in the brain stem Initially this bundle lies |atera
and rostral to the superior olivary nuclei and the | ower pons
and courses nostrally along the lateral edge of the pontine
tegnentumto assune a nore dorsal position as it approaches
the inferior colliculus in the mdbrain clunps of cell |ocated
anong the fibers of this bundle constitute the ventral and
dorsal nuclei of the LL. The ICreceives its major input from
the contral ateral cochlear nucleus, the ipsilateral and contra-
| ateral nuclei of the superior olivary conplex and the |IC of
t he opposite side via the commssure of the IC.  Afferent
neurons of the |l emiscal tract termnate alnmost entirely in
the ventra lateral region of the central nucleus of the IC and
fromhere projected to the MSB via the brackiumof the I C
Extra axial structures nanely the cerebell um blood vessels
tentorium and pineal gland are relevant to this system because
extrinsic pressure frommass |esions arising fromthese

extra axial sites may affect upper brain stemauditory functions.

Pat hophysi ol ogy:

Intrinsic or intra axial lesions originate within the

substance of the brain stem exanpl es being - mass such as tunor
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infiltrating the brain tissue, a plaque resulting froma
denyelinating process like multiple sclerosis, an infarction
resulting frominsufficient blood supply to a particul ar
region resulting fromstenosis or occlusion of blood vessel
or a henorrhage resulting fromrupture of a blood vessel.

Extra axial lesions affect the brain stem secondarily by
pressure, distortion, local extension into the substance of
the brain stemor by conpromsing the brain stens bl ood supply.
These factors then alter the ABEs if generators or pathways
in the auditory systemare involved. Four nmechani sns account
for the ABR alterations.
1. The lesion nmay involve the generators directly
2. Fibers which course through the area of the 1 sion to
termnate in the renote generators nay be danmaged.
3. The secondary effects of lesions renote fromthe prinmary site
may effect the ABRs.
4. The function of uninvol ved generators nay be affected by
| esi ons | ocated el sewhere.

ABR data can contribute to an anatomcal |ocalization of a | esion.

ABR fi ndi ngs:

Since the first description of scal p-recorded auditory
evoked brain stempotentials (Jewett, Romano, WIlliston, 1970),
t he consensus has been that the human ABR waves |V, V and
possibly VI reflect electrical activity occuring primarily

fromauditory centers and pat hways in the upper brainstem
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The effects of upper brain stemlesions on the ABR
are varied, changes in | atency, anplitude and waveform al one
or in conbination and on one or both sides have been descri bed
in clinical human stadias. Because of the predom nance of
the contral ateral pathway of the auditory systemin the brain
stem ABRs in unilateral upper brain stemlesions shoul d be
expected to reflect abnornalities when t he ear opposite the
i nvol ved side is stinulated. Sone authors believe that the
abnornmal ABR features occur on stimulating the tar ipsilatera
to the | esion (Chiappa, 1983; Ch Kuba Soyer, Boni kowski, 1981).
Wier eas (Epstein and Stappenbeck and Karp 1980) found ABR
abnornalities may occur in rostral brain stemlesions when

the stimulus is presented to the contral ateral ear.

Starr and Ham | ton (1976) reported one case of a
henor r hagi ¢ tunmor (germ nona of the pineal gland), oblite-
rated nost of the mdbrain and a portion of the rostra
pontine tegnentum ABR waves |V through VI1 were absent
bilaterally to nonoaural stimulation and waves Il and 111
were slightly prolonged in |atency, due to secondary effects

of pressure fromthe tunor.

Starr and Ham | ton concl uded that intact mdbrain auditory
structures are essential for detection of conponents after

wave | I'1. Anplitudes of Wave |V and V wer e reduced.

Epstein et al (1980) in a study of a patient with pal atal
nyocl onus found the sanme results. |In this case there was

vertical diplopia, |eft sided hemsensory |oss and right sided
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in coordination. dinically the lesion was |localized to
the right side of the brain stemwi th definite invol venent
of the mdbrain on that side. The ABR showed a del ayed
wave V latency with significant anplitude reduction only
when stinulating the left or contralateral ear. Wwves TV
and Vwere nornmal in |latency aad anplitude when stimulating

the ipsilateral ear.

Dfferentiation of lowbrain stemand high brain stem| esions

Low Brain Stem Hgh Brain Stem

1. Earlier waves or entire 1. Earlier waves present,
wave form may be absent | ater waves absent.

2. Mbst conmon i nterpeak 2. Prolongation between
i nterval prol ongation - v
between|-111

3. Ipsilateral abnornalities 3. Bilateral, ipsilateral
are comonl y observed. and contral ateral, abnor-

mal ities present.

Hence ABR hel ps to confirmthe clinical suspicion of

brain stemi nvol venent.

Vascul ar disorders of the brain stem

The cardinal feature of brainstemvascul ar disorders is
the stroke, which is the sudden devel opnent of a focal neuro-
| ogi cal deficit due to an infacet or henorrhage (Fisher,

Mohr Adanms, 1975). An infarct occurs froman obstruction of
an artery and results in necrosis of brain tissue. In a
henorrhage, blood | eaks fromthe artery and disrupts the

function of surrounding tissue through infiltration.
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ABR elicited from 19 patients evaluated due to brain
stem strokes have been described inthe literature (G een

and McLord, 1979? Hashi not o, |shiyanma and Tozka, 1979).

In patients with generalized brain steminfarcts, the
majority |ack ABR conponents, or display increases in abso-
lute latencies and I PIS. These characteristics were found
in patients evaluated at KUMC and reported in the literature
(Ragazzoni, Amantini, Rosi, et al, 1982, st emKrunhol z Wi ss,
et al 1982). The najority of these patients were di agnosed

as having an infarct in the vertegro-basilar artery system

When the infarct involves the corticospinal and cortico-
bul bar traits a conditions known as | ocked in syndrone occurs.
Typically, these patients have no effective verbal or notor
responses, but are awake and in contact with the environnent.
I n sone cases vertical eye novenents and eye blinking occur.
Wi | e inlocked in syndrone i s very uncommon, ABRs have been
reported in seven cases. |In tw of these cases, the ABR
showed normal waves I, |1, IIl, but prolonged IV, V waves -
bilaterally (Glory and Lynn, 1978; Series, et al 1981). The
[-111 IPISwere normal but the IIl-V and 1-V were abnor nal
bilaterally. The ABRs in the renmaining 5 cases were nor nal
(Hammond and W I der, 1982; Fi scher Mohr and Adans et al 1981).
The di screpancy between these studies is attributed to diffe-

rent |ocations of the infarCt.



38

Tunor detection: Patients are considered to have positive

test result for tunor detection when their |atencies showed

one of the three characteristics.

l. Wave V latencies are significantly different fromthe
nor nal mnean.

II1. The interaural latency difference greater than 0.3 nsec
(0.4 nmsec when hearing | oss greater than 65 dB HL) .

I11. No response recogni zed at suprathreshold | evel s.

Results of the study conducted by dems and McCee for

the differential diagnosis of the acoustic tunors.

They took 26 patients with surgically proven vestibul ar
Schwannomas, out of these, 25 had unilateral tunors and one

wi th Von Reckl i nghausen's di sease (bilateral tunors).

Wave V | atenci es were obtained from23 tunors ears (2
of which were fromthe patient with bilateral tunors).
N net een had abnormal | y del ayed | atencies while 4 had | atencies
within the normal range. |LDs were determned for 21 patients
with vestibul ar Schwannonas of thse 20 had abnornal |LDs and
one had an ILDwithin the nornmal range. Four tunor patients

denonstrated no response at suprathreshold | evel s.

Two patients with unilateral vestibular schwannonas had
nornal absol ute | atencies but abnormal |1LDs. This suggests
that the ILDis a nore sensitive nmeasure than absol ute | atency.
On the contrary a disadvantage of ILD neasure is the inability
to detect bilateral tunors, or to detect a tunor in an only

hearing ear. One of the patients who had Von Reckl i nghausen's
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di sease had a 2.5 cmtunor on the right side and a 0.4 cm
I ntracani cular tunor on the left. The |ILD was abnornal
0.8 nsec, wth the right ear nore delayed. Using the ILD
value in this case the larger tunor was identified and the
smal l er tunor was not. Seleters and Bracknan al so report
such a case and suggest conparing the latencies to normative

dat a.

No response at suprathreshold levels: In half of the patients

w th acoustic neuronmas no wave V val ues coul d be obt ai ned.

In the Selters and Brackmann series, tunor size ranged from
1.0to50cm Inthe study by AQems and McCee 16%o0f the
pati ents denonstrated no response. This nmay be due to a diffe-
rence in patient popul ations. Review ng the tunors of conpara-
ble size in thetwo studies, Selters and Brackman have a hi gher
proportion of cases of no response (30%of tunors under 2.5 am
Anot her factor involved in this discrepancy may be the diffe-
rence in the type of stinulus used i.e. tone pip vs click.

It isunlikely that a tunor would press equally on all fibers
of the nerve. Rather, some nerve fibers would be invol ved nore
than others. Therefore assumng that the pressure of the
tunor causes the latency shift in the response it very likely

woul d not be a constant shift for all the fibers.

A nonfrequency - specific stimlus such as click stinu-
| ates a broad range of fibers and the variability in the |aten-

cies may tead to 'snmear' the responses. Perhaps a frequency
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specific stimulus such as a tone pip would be less likely
to have such an effect because a narrower range of fibers
woul d be stinulated. Al though the |atencies would still be
del ayed, thezeduced variability woul d make t he response
mor e det ect abl e by BSERA net hods.

Tuaner size vs LD Cems and McGee found correl ati on between

the tunor size and I LD. However in one case, a patient with
arelatively small tunor (0.8 cm) denonstrated a rather large

| LD (over 3.0 msec) and for the patients in which no response
could be recorded, the tamor size varied widely. This suggests
that it is not only the size of the tunor per se, bat possibly
the | ocus of the pressure of the tumor, which determnes the

magni tude of the effect on the physiol ogical response.

A smal |, strategically- placed acoustic neurona may cause
as much latency shift in the response as a larger tanor in a
different locus. A though, in general a large tunor shoul d

exert greater pressure on the nerve than a small tumor.

Effect of stimulus parameters on brain stem responses:

| . Frequency:- Clem s and McGee tested 17 patients with abnormal
| LD measures at more than one frequency only one tumor
patient demonstrated an abnormal |LD at one frequency but
a normal LD at another. For 7 of 17 patients, the abnormal
| LDs varied more than 0.3 m sec.across frequencies. Another

patient showed a response at 500, 1000 and 2000 Hz. but not
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at 4000 Hz although all signals were presented at supra-

threshold | evel s. Thus | LD neasurenents vari ed across

frequencies. These variances across frequency and the diffe-

rence in "no response" patients between this study and

Selters and Brackman suggest that tone pi ps nmay have an

advant age over clicks in tunor detection, contrary to

previous reports. Hence it is better to establish | atency

values in a suspect ear at nore than one test frequency.

Intensity: The wave response can be recorded to within

10 dB of behavioural threshold. However at |ower inten-
sities the anplitude of wave Vis greatly reduced. Because
of this, for the purpose of tunor diagnosis, wave V | aten-
cies were obtained only at relatively high stimulus |evels

(60 to 90 dB HL).

I ndi vidual variance in latency values is apparently related

to the degree and distribution of the pressure exerted by the

tunor and can thus be related to tunor size. Stimulus variabl es

l.e. aclick vs atone pip also nmay produce differences in the

brai n stemresponses.

Despite the words of caution BSERA is the nost efficient

audi ongtric test available in the search for tunors affecting

t he auditory nerve.



FIGURE N

N 'WQM 26yar-old female whe complained of feft-sided numbness and tingéng of..,

the face, arm Mbgfotaboutﬁmn&stoﬂearoudngmispeﬁodshehadoccasionai
" bilsteral tinnitus and mild imbalance. Her main complaint, surprisingly, was a clicking noise
in hex left sar. She reported her hearing as being very good. Radiological and surgical findings
revealad & large (4.0 cm) CPA tumor which was displacing the brainstem (Figure 2b). The
left ear ABR shows wave V, by our interpretation, at about 7.3 ms (see arrow). Therefore,
absolute and interwave latencies {I-V—5.7 ms) are abnormal for the left ear. In addition,
the refatively “flat” response at 60 dB HL is inappropriate for a patient with a normal
audiogram.

The right ear ABR is missing wave V, though waves | through {V {4.8 ms) seem robust.
This absance of wave V is probably due to brainstem compression. SEEEEEERNEREE
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Figure 10-2a. INustration continued on following page.
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A3 SIS, 2. women in her sarly thirties who S months prior, 10-dlagnosis aponted 8.« .-+« ..
- vague facial numbness along the right aye, nose, and lateral upper lip. A few months Sater

shve noted bilateral tinnitus and intolerance to loud sounds. Nexwciogical axamination revealad
hyposensitivity of the second and third divisions of the fifth cranial nerve. Radiological and
surgical findings documented a 4-cin, right-gided fifth nerve neuroma intimately attached
10 the tow to midpons. The tumor was removed and the hearing preserved. (Figures 3a,
3b are pre- and [{é%-operative audiograms; Figure 3¢ is the pre- and post-operative ABR.)

The right ear ABA shows an abnormal amplitude ratio and an abnormally “flat” wavefonn
a 60 dB8 HL. However, (atency measures are nommal. Note that postoparatively the amplitude
ratio is appropriate, and there is a much better waveform at 80 dB HL {taken in part from
Musiek, Weider, & Mueller, 1983c¢).
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FIGURE .
Cstribution of neuropathology in the u aer briinstem (stippled areas) of a patient with a
g Tminomia’and ABRs com(: red fo a nen - i ;osponse. R and L refer to stim:ilated ear: -
tight (R) or teft (L). 1C, infeiiur collicelus; LL, lateral lemniscus; PCM, posierior cochlear
ucteus; AC; ', aniorior cochlear nuc®»us; 5O, superior oliv.; Y N, cighth cranial nerve.
Reproduced with permission from Starr and Hamiltoa (1976).




FIGURE ¢lB. L

Distribution of neuropathology on the . side of the brainstem (stir led 2reas) of a patient )
s e with.tuberous. sclercsis with .emisteylic astrocytoma and“ABHs compared 16'a “rigemal T T
R S ragpinse. . AbEreviations are iie same as in Figure 11-1, F!eproduce with perrnlss:nn from
' Starr and Hamilton (1976).
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FIGURE SR :

~ of the midbrain with in olvement of the pons {arrows). The audiogram reveals a severs,
b lateral sensorineural heari ; less, congenital in origin. ABRs show abnormal waves |V
isough VI bilaterally with at.normal i- 11l interpeak latency on the ieft side.
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@B ABRs were repeated with no significant changes relative to the first tests. The patient
continued (0 dereriorate after initial transitory improvement follow :ng the insention of a shunt
for the hydrocephalus. A year later the patient died. An autopsy revealed a pinealoblastoma
which had replaced the pineal gland and had metastisized 1o the cerebellum, splenium of the

- corpus caliosum, spinal corr.l and lepromeninges with pressure on the quadngemanal plae of

the midbrain.

_.,Qage* 12- yearrold famale. with an uppe: bramst-wn 1umor$CT scan:shuxs.enlergament i .5
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Lok St T 5 Case Wk S0-yedr-old male with an dbpéf brainstem infarction. T scan shows™ icen

L. L~

ey

in the ~nidb2in and portine areas (arrows). The audiogram reveals normal hearing bilaterally.
ABPRs show @ laterally | rodor ~d IV and 1-V interpeak latencies .. ith reduced arnplitudes

on the left side compared to the right,
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AUDI TORY BRAIN STEM RESPONSE | N MULTI PLE - SCLERCSI S

| nt roducti on:

ABR has been used as a nom native el ectrophysi ol ogi cal
procedure in the detection and di agnosi s of neurol ogi cal dis-
orders. ABRwave conponents show mni mal subject variability
and are easily replicated, and appear insensitive to attention,
sl eep, sedation or general anesthesia. The value of brain
stem response neasurenment lies in its ability to nonitor neura
conduction within the auditory nmechani sm and to objectively

denmonstrat e subclinical |esions.

Mul tiple sclerosis produces w despread and wel | docunented
changes in brain stemstructures. For this reason patients
with multiple sclerosis provide an uni qgue popul ation in which
to study the effects of brain-stem pathol ogy on certain auditory

t asks.

The diagnosis of nultiple sclerosis is dependent on the
clinical denonstration of at |east two separate lesions in the
central nervous system (MA pine et al 1972; MDonal d and
Hal | i day, 1977). However in the early stages of the disease
it is coomon to find only a single |esion by clinical exam na-
tion. In order to inprove the early diagnosis, both visua
and auditory evoked potential s have been expl ored and proved
to be useful in the detection of clinically silent |esions
(Halliday et al 1973; Asselnman et al 1975; Robinson and R dge,
1977, Stockard, et al, 1977).
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Preval ance of abnornalities:

The advent and devel opnent of el ectrophysi ol ogi cal
neasures resulted in a systenmatic approach to differenti al
di agnosis in patients with various MiI1th nerve and brain stem

| esions including multiple sclerosis (MS).

St udi es by Robi nson and Rudge (1975, 1977) Shanon, CGold
H mrel farb and Carzsso (1979), Starr and Achor (1975) and Lynn,
Taylor and Glroy (1980) indicated that a substantial nunber
of patients with M5 showed ABR abnornmalities. The estimates
of abnornalities range from 34% ( Chi appa and Norwood, 1977)
to 73% (Robi nson and Rudge, 1975). These were classified as -
definite, probable 6r possible MS.

Lynn et al (1979) showed that 75%definite, 33%probabl e,
29%- possible Mere M5 patients with ABR abnormalities.

There is a higher rate of ABR abnornalities in patients
wi th evidence of brainsteminvol venent as conpared to no evi-

dence of brain stemdi sorder.

Mani festati on of brai nstem abnornalities include inter-
nucl ear opt hal nopl egl a, sixth or seveth nerve pal sy, horizontal
or vertical gaze nystagnmus (Robi nson and Rudge, 1977), dizzi ness,
gait di sturbance, cerebellar signs and sensory or notor abnorna-
lities (Chiappa, Brooks, Harrison and Young, 1980). A study by
(Stockard and Rossiter, 1977) has shown estimates as high as 93%

with definite clinical brain steminvol venent.
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Types of ABR abnornalities:

1. Abnormality of symetry

Delay in | atency
Fragnent ed response
Decrease in anplitude or absence of peaks

Poor response reliability

o gk w N

Abnormal responses to changes in rate and abnormal |atency -

intensity function.

Latency and anplitude:

Chi appa, Young and Gol die (1979) report that 13%of 202
pati ents had abnornal 1-V separation, 55%had only wave V anpli -
tude abnormalities and 33%had both abnormalities. Stockard and
Rossitec (1977) - 69%abnornmalities were related to | atency and

31%- anplitude.

Interwave interval (IW) latency abnornalities appears to
occur inthe Ill-V separation supported by Chiappa (1980), Lynn
et al (1980), Shanon, Gold and H mmerfarb, (1981). But Shanon
et al (1981) found that I-I11 interval to be prol onged nore

thaa 111-V interval.

Starr and Achor (1975) report that with the exception of

wave | all of their M5 patients showed reduced anplitude.

Peri pheral nerve invol venent:

New evi dence has shown segnental denyelination (Pollack

Cal der and Al |l press, 1977) and abnormal refractory periods
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(Hopf and Eyshol dt, 1978) in the peripheral nerves of M5
patients. Using ABR and EcochGto confirmwave | presence,
Hopf and Maurer (1983) tested 71 Ms patients. E ght (11%
exhi bi ted prol onged wave | latencies (73 SD). They attri-
buted peripheral involvenent to segnental denyelination of

t he distal part of the acoustic nerve.

Anat om cal support -

The neuroglial - neurolemmal junction of the acoustic
nerve is located 7 to 13 mmdistal to the brain stemnear the
fundus of the internal neatus. (Nager, 1969). This junction

may prove to be the functional site of peripheral denyelination.

Repeatability: Test-retest repeatability in normal is exce-

| ent with highly reproduci bl e wave form nor phol ogy and | at ency.
But a common finding in M5 patients is poor repeatability of
ABR results with investigators reporting poor agreenent on
retest in- 80%of MSpatients (Gaza et al 1982, Nodar, 1978,
Prasher and G bson, 1980, Robi nson and Badge, 1980).

Latency-intensity eaffects: Parving, Hberling and Smth (1981)

studied 15 patients with definite Ms using EcochG ABR and an

obj ective techni que of anal yzi ng el ectrophysi ol ogi cal dat a.

They found difficulty in the ability to assign values to
ABR conponents and latency intensity function was abnor nal
for both latency and anplitude at low stinmulus intensities

despi te nornmal heari ng.
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ABR and Psychophysi cal dat a:

Ainically the authors have observed patients for whom
no repeatabl e ABR coul d be recorded who had nornal hearing
sensitivity with 100%word di scrimnation scores in quiet.
Patients with abnornal just -noticeable difference had
abnormal ABRs on atl east one side. Hence this suggests that
the sane auditory structure of the brain stem subserves
intraaaral tine discrimnation and short-latency click evoked

potential s.

ABR Fi ndi ng:

There are a wide variety of ABRresults possible in
multiple sclerosis with dissemnated | esions possible at al
| evel s of the brain stem Nornmal wave | pattern proves that
peri pheral portion of the auditory nerve where the nyelin
sheath is formed by Schwann cells rather than glial cells is
not affected. (Hausler and Levine, 1980). The lll-Vinterna
is likely to be prolonged since the area between the superi or
olivary conplex and the inferior colliculus is the "l ongest
tract of white matter inthe CNS and therefore the nost suscep-
tibleto the effects of denyelinacting di sease (Shanon et al 1979)
Al so denyelinization results in increased refraction period
of transmssion of the axons with reduced conduction velocity
along the central auditory pat hways; vyielding delays in |atency

of progressive waves of the auditory evoked potenti al .
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Recordi ng of ABR has been found to be reliabl e nethod
In the assessnent of brain stemlesions (Starr and Achor,
1975, Starr and Ham |l ton 1976? Thornton and Hawkes, 1976,
Stockard and Rossiter, 1977? Stockard et al 1977). Thus
a 65%of patients suffering froma definite or suspected
MS, BSER were abnornmal as judged by |atency and anplitude
par anet ers (Robi nson, Rudge, 1977? stockard, et al.1977).

In a report on the early conponents of ABRin patients
with MS, Robinson and Rudge (1975) found that 22 patients
of 30 had abnornal responses judged by |atency and anplitude
al t hough none was clinically deaf. According to further
I nvesti gati ons (Robi nson and Rudge, 1977), 65%of the patients
with definite Ms had abnormal BSER and it was stated that
| atency was a nore reliable discrimnator of abnormality than
anplitude. They found conponent V to be the nost inportant
one being abnormal in every patient in whomany abnormality
was found. In sone patients other conponents were also altered,
but in none was conponent |, thought to arise fromthe eight

nerve - abnornality (Rudge, 197).

Rel ating the BSER to the clinical examnation the nethod
was found to be highly sensitive as 82%w th definite brain

stemaffecti on had abnornmal responses. (Robinson and Rudge, 1977).

Thornton (1976) found systenatically increase | atency and
a much flatter shape of the conponents in 1 patients with MS.
Based upon further investigations, 90%of with definite M5

had i ncrease | atency of responses (Thorntal et al 1978) Starr
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and Achor (1978) refused to an investigation perforned at
university of California. In this investigation, a neasure
of central conduction tine was used to help define brain
stemalteration in M5 and was found abnormal in approxinately

90%o0f the tests.

Maur een Hannl ey, James F.Jerger, Victor MR vera (1983)
t ook 20 subjects and divided into 3 groups.
QG oup-A - had 5 subjects with essentially normal ABR on both
ears.
In 3 subjects, waves|1-Vwere observed with absolute and inter-
peak |latencies falling wthin 2 standard devi ati ons of the norm
establ i shed 2 subjects showed wave V at a slightly prol onged

0.1 msec latency on one ear.

QG oup-B - consisted of 7 subjects with wave Il present bil ate-
rally, but prolonged by an average of 0.4 - 0.6 ns beyond the
range enconpassing 95%of normal results (+ 2SD). 2 subjects
in this group 1 and 3 showed no repeat abl e wave V an one or

bot h ears.

QG oup- C consi sted of 8 subjects in whomwave |11 as wel |

as subsequent waves, was absent fromone or both ears.

In all subjects the latency of wave | fell within the
normal range. Abnornalities in latency were confined to the
| ater waves and to the interpeak intervals. In group B the

I-111 interpeak | atencies were prolonged by 0.1 - 0.8 in 8 of



' FIGURE R,
e e s & s .ABR responses cbtained on a normal 2nd several MS subjects. Sesponses viere obtalnc-

" * and are displayed undzr identical conditions.

e

- o - 10 M Sec

akd




!

FIGUR:: 1. . e
~5R responses obtained from a patient with MS using click rates. from.J0.to 80/s. Notedhe —. vy, =
- abnotmial chahge'in response norphology that s sults frum'a. increase in’click rate,
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TIGURE Wi,

T N— ,HCusa -'  3dcyear-old. female with mutiole sclerosis. The aud:ogram_;bows.munal hearing...- e
““Sensilivity, bilaterally. ABRS demonsirae bifateraily prolonged.il-V and -V interpeak
latencies with redu. :d amplitudes for the V-V wave complex and waveform distortion,
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AUDI TORY BRAIN STEM RESPONSE | N NEURCLOE C STATUS G- COVATOSE
PATI ENTS

| nt roducti on:

There is an inportant need for a clinical nethod of

obj ectively nonitoring neurol ogica status in patients, conatose

as aresult of severe brain injury. There are 10 criterias for

neeting the clinical utility and feasibility. These are as

fol | ows:

1. Noni nvasi venss

2. Safety

3. Mbility (Assessnent can be carried out at bedsi de)

4. Brief test tine

5. (hjectivity (test results can be quantified and subjected
to mat henatical /statistical analysis.

6. Reliability

7. Sensitive and conprehensive i ndex of neurol ogi c status.
(This nmethod yields information on multiple |levels of the
central nervous systemand is sensitive to changes, even
subt!l e ones in neurol ogi c function.

8. I ndependence of |evel of consciousness (Results are not -
I nfl uenced by degree of com).

9. Resistance to drugs (Results are not influenced by comonly
used nedi cal therapies in severe brain-injured patients,
I ncl udi ng paral yzi ng agents, sedatives and barbi turates.

10. Cost effectiveness.

The ABR neets these criteria and has nultiple applications

I n nmoni toring neurologic function of comatose patients.
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Pul nonary, cardiovascular and nutritional systemfunctions
and intracranial pressure are routinely nonitored i n conatose,
brain-injured patients in the intensive-care unit. An adequate
cardi ac output and excellent cerebral oxygenation are reassuring
but do not directly reflect brainfunction. A though | CP bel ow
20 mmHg is considered beneficial a substantial portion of
conat ose patients with severe brain injury do not have el evated
intracranial pressure. Thus there exists an extrenely inportant
need for clinical feasible nonitor of nsuronal integrity, parti-
cularly a nethod that is sensitive to subtle changes in neura

functi on.

Anong t he el ectrophysi ol ogi ¢ procedures the sonatosensory
(SSEPs) and auditory evoked potentials (AEPs) have been applied
with greatest regularity in conmatose patients. The SSEPs and
AEPs have peripheral, brainstemand cortical neuroanatomc
conponents which are relatively easy to interpret and can be
reliably recorded in an | CU setting frompatients that are deeply
comatose (with eyes closed) and often sedated or under the

I nfl uenceof intoxicants or therapeutic CNS suppressants.

Factors influencing ABR neasurenents in the | CU

The ABR is influenced by nyriad factors, including subject
characteristics (age, sex, auditory status, body tenperature),
stimulus paraneters (eg. intensity, frequency, duration rate)
recordi ng paraneters (el ectrodearray, neural filtering) and

dr ugs.



_ FIGLURE Wl.
oA TOU T2 ST Gasgow Coma Stale, GCS (Jennsit &-Teasdale, 1981). A GCS of § or less. def iNes sev. re

brain injury and comatose state. H

Giasgov: Coma Scale
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To Pain 2 1 4 1 5 5
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TABLE 4IB.
Relationship between Glasgow Coma Score (soe Figure 14-1} and initial auditory brainstem response (ABH) outcoma in 83
comalose, brain-injured patients.

Auditosy bralnsiens response®

Glasgow Coma Score No response® Abnormal Normal
Missing wave componcml Latency prolongation
9-10 3
7-8 . . 15
5-6 1 2 27
34 14 (S 1 15

NOTE. ABR data were obtained within 48 hours pdst-injury.

A ABR symmctry was observed In 62 (75%) of the patients. With az:. ~ - " =i findings, data from tFe beiter side we. > tabulated.

.

b wave | only (62% of category) or aG response (38% of the czic,
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The five mainfactors of concern with the comatose pati ent
in the QU environnent are the degree of conma, patient charac-
teristics, environmental contam nents, otologic pathol ogy

gnd t herapeutic drugs.

|. Coma: A commonly used clinical grading systemfor severity
of brain injury is the glassgow coma scale (gCS). This was
devel oped by Jenett and coll eagues in 1974. The GCS is
based on the eval uation of eye opening, verbal and notor
responses to sensory stimulation. Patients with highest
possi bl e score (15) are grossly intact neurol ogically, where
as patients with dowest score (3) are totally unresponsive
to even painful stimulation. The accepted criterion for
severe brain-injury is aGCS of 8 or less. Patients with
severe brain injury are, therefore comatose and typically
do not open their eyes do not vocalize (as are intubated for
nmechani cal ventilation) and have only abnornal (posturing)

not or responses to painful stimulation.

The ABR i s not influenced by degree of coma in patients
without primary or secondary brain steminjuries. Conpletely
normal ABR nmay be recorded in these patients with GCS as | ow as
3. In 200 severely head injured patients, over 70%initially
showed norrmal ABR  Abnornmal ABRs were recorded in these patients
with GCS of 3 to 4 because this group is nore |likely to have
structural brain damage or brain stemdysfunction secondary to
massi ve cerebral swelling. Amrong the patients with GCS of 3
are those neeting criteria for brain death. ABR patterns of brain

death are discussed in the chapter.
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It is inportant to keep in mnd that a GCS of 3 does

not inply irreversible and em nent death or a poor neurol ogic

out cone.

Patient characteristics:

1)

Body tenperature - The body tenperature must be routinely
taken into account in the interpretation of ABR findings in
comat ose patients. Comatose patients especially those in
barbiturate - included coma, tend to have |ower than normal
body tenperatures and may for this reason show increased

ABR | atencies. Body tenperature is usually nonitored conti -
nuously in ICU patients and the digitally displayed val ue
shoul d be recorded at the start of the evaluation and periodi-
cal |y checked throughout testing. Body tenperature documen-
tation is extrenely inportant in interpretation of subtle

changes in serially recorded ABR dat a.

Al cohol - Blood al cohol levels are often excessive upon
hospital admssion in traumatically head injured patients.
Al cohol abuse is frequently an inportant factor in notor
vehicl e accidents and accidental falls. In nornothermc
patients al cohol probably does not seriously affect the ABR
(squires, Chu and Starr in 1978) although chronic al coho
abase may have an effect. This is again discussed in the

chapt er

Neur onuscul ar state - The neuronuscul ar status varies in the
comat ose patient. Patients is deep coma with G asgow cona

scores of 8 or less rarely nove spontaneously to |ight touch
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or acoustic stinmulation, sone are flaccid. Follow ng
severe brain injury the patient is intubated and pl aced
on nechani cal ventilation. Chem cal nuscle paral yzing
agents (eg. netacurine or pavulon) are frequently admni -
stered during this period. For these reasons, nuscle
artifact is an infrequent problemin ABR neasurenent in the

acute - phase after severe brain injury.

In | ess severely injured patients or those recovering
neirol ogi cally, ABRrecordi ngs can be seriously contam nated
by excessive nmuscl e novenent. Decorticate or decrebrate
posturing, torsion of neck musculature or a generally agitated
highly active state can all introduce an unaccept abl e anount
of artifact. The best solution to this artifact problemis
I nduced patient relaxation during testing by neans of a seda-
tive. Further nore, the post auricular nuscle (PAV artifact
appears to be nore common in nuscul arly active or tense patients.
Muscl e paral yzi ng agents, when nedi cally appropriate reduce
t he i nfluence of nmuscle contam nation including the PAP refl ex,
I f sedatives or chemcal paralyzing agents cannot be used or
are not effective, the deleterious influence of nuscle artifact
on the response can sonetinmes be reduced by nore restricted hi gh-
pass neural filtering - for exanple changing the filter setting
from30 to 150 or even 300 to 3000Hz neural filtering well also
alter anplitude and | atency characteristics of the ABR (Bastan

and Ainslie, 1980; Laukli and Mair, 1981). The use of artifact
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rejection features and increasing the nunber of averages

will contribute to signal enhancenent and noi se reducti on.

ENVI RONVENTAL - CONTAM NANTS:

The key factors for successful ABR nmeasurenent in an | CU
are quality instrumentation and a flexible test protocol.
Al rborne el ectromagnetic interference and 60Hz |ine noise are
not uncommon in an | CU. There are nunmerous sources of electrica
artifact close to the patient, including fluorescent |ight,
mechani cal ventilators, nonitoring devices and thermal bl ankets.
Al so, other sources of electrical interference may be | ocated
adj acent to, or above or belowthe | CU, or share power |ines
with the CU. Precautions have to be taken to reduce the del e-

terious influence of electrical artifact.

I nspite of the precautions in electrode type and pl acenent
60 Hz ' humi and hi gh frequency 'snow nay be present in ABR
nmeasurenent still. Therefore a power outlet is used at a near by
enpty bed. Conbination with digitally snoothing and addi ng
acquired, replicated averaged waveforns, generally yields a valid

i nterpretabl e ABR

OraLCd C PATHOLOGY:

Peripheral auditory abnormalities are not uncommon fol |l ow ng
traumatic brain injury (Gove, 1947? Hall, et al 1982) cli nical
findings and records confirmthe high incidence of otol ogic
pat hol ogy and i mittance abnormalities in severe head injury

(Agui lar, Hall and Mackey- Hargadi ne, 1983; Hall et al 1982).
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I n nost cases ABR assessnent of patients in ICUis carried
out for evaluation of CNS status, rather than peripheral audi-
tory function. QG rcunaural earphone cushions were used to
reduce the |ikelihood of collapsing ear canal walls. In patients
w th excessive head dressings, or neck collars which partially
cover theear, use a mniature insert transducer. Patients with
evi dence of m ddl e ear pathol ogy by otol ogic examnation or air
conduction. ABR stimuli are assessed by bone conducti on ABR
mainly in an attenpt to observe wave conponents, |,I1ll and V

and therefore define brain stem functi on.

THERAPEUTI C DRUGS

The commonly used drugs in comatose | CU patients that act
on t he nervous system are chem cal paral yzers, sedatives, anti-
convul sants and barbi tuarates chem cal paral yzing agents do not
adversely effect ABR neasurenent and el i m nate bot her sone nuscl e
artifact. Likew se |latency of ABR does not appear to be influenced
by sedatives (eg. Hal dol, Morphine) or therapeutic doses of

anti convul sants (eg. Dilantia).

The possi bl e influence of hi gh dose barbiturates on the
ABR has been studi ed experinental |y (Bobbin, My and Lenovi ne,
1979, Cohen and Britt, 19817 Suttan, Frewen, Marsh Jaggi and
Bruce, 1982) but has not been systematically investigated in

comat ose, brain-injured patients.

ABR is extrenely resistant to the effects of high dose barbi -

turates, clinically significant changes in ABR during barbiturate
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coma, then may be attributed to neurol ogi c inprovenent or

deterioration.

MON TORI NG NEUROLOG C STATUS W TH ABR

Applications of the ABRin conatose patients are vari ed.
ABRs are often requested for patients with CT evi dence of
I npendi ng serious neurol ogic deterioration (eg. apparent conpre-
ssion of perinesencephalic cisterns and rostral brain stem
particul arly when their nedical therapy includes paralysis or
barbiturates. ABRs can be used in the determnation brain death
and hence contri bute to the nedi cal nanagenent of patients.
Fi ndi ngs of gross ABR abnornalities, coupled w th supplenenta
clinical evidence of extensive neurol ogic dysfunction lead to
t he decision to provide supportive care managenent O to initiate

t he assessnent of candi dacy for organ donati on.

MEDI CAL MANAGEMENT AND NEURCLOGE C DETER CRATI ON

ABR findings are useful 1n nmanagenent of acute brain injury.
I n approxi mately 20%of the patients, nedical or surgical therapy
has been initiated upon the devel opnment of ABR abnornalities.
In other patients surgical or nedical intervention dictated by
CT has been postposed or deferred entirely on the basis of
consistently normal ABRs, particularly in patients with unstable

| CP or sone contraindication to surgery such as sepsis.

Initial ABR abnornalities (slight wave I11-V prol ongation)

precede neurologic (pupillary) changes.
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ABR abnornalities can reflect transtentorial hermation
associated with increased intracrnial pressure (ICP). Thereis
experinmental evidence of a relationship between the ABR and
I ncreased | CP(Kl ug, 1982; McPherson, Bl anks and Foltz, 1984).
But Keith, Jabie and Heerse (1983) reported that | CP upto 50 cm
of HO did not affect clinical ABR recordings. Cerebral perfu-
slon pressure (i.e. nean arterial pressuremnus ICP) is the
critical factor, rather than ICP alone. Increases in ICPwth
associated increases in arterial pressure may not produce ABR
abnormalities. Sohrmer et al 1983 found that persistently
reduced cerebral perfusion pressure bel ow 60 mmHy approxi nately
| eads to ABR abnormalities and below 10 mmHg the ABRis usually
no longer recorded. Progressive brain stemischema is the

pat hophysi ol ogi ¢ basis for this finding (Hassler, 1967).

The ABRwave | and Il conponents rmay be observed in patients
neeting clinical neurologic criteria for brain death and with
no neasurabl e cerSbral blood flow . This observation supports
evi dence Bfomdepth -el ectrode studi es in humans (Holl er, Jannetta,
Bennett, and Holler, 1981) and recent pathol ogi c ABR findi ngs
(eg. Garg Harkl and and Bustion, 1982) suggesting the wave ||
conponent arises fromthe intracrnial portion of the eighth
cranial nerve rather than the cochl ear nucleus. Later, with
further increases in |ICP and decreases in vertebrobasilar ciru-
| ation and bl ood supply to the sensorineural apparatus (Larsen,
1982) only wave | is usually observed or there is no neasurabl e

peri pheral conponent.
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| nexplicably, with severe brainstemdysfunction as in deep
barbiturate coma - there may be an abnornal augnentation of ABR
wave | anplitude. The phenonenon has been observed in patients
during neurol ogi c deconpensation and sepucal ates on the possi -
bility that it reflects suppression or elimnation of the inhibit
ing influences of brainstemefferent conponents of the auditory
mechani sm (Misi ek Wi der, and Muel l er, 1983). Finally, the
I nvestigation of these conplex - interactions between pat ho-
physi ol ogy and ABR have apparent clinical application and | ong-

terminplications for basic neuroscience.



AUDI TCRY BRAIN STEM RESPONSE | N SOVE M SCELLANEQUS CONDI Tl ONS

1. ABRin Hereditary notor - sensory neuropat hy:

It involves degeneration and atrophy of peripheral notor
and sensory neurons. |In addition there is usually evidence of
primary destruction of anterior horn cells or posterior root
ganglia. One of the best known of these neuropathies is

Charcot-Mari e tooth di sease.

ABR elicited fromfive patients with charco® Marie tooth
di sease denonstrated increased absolute | atency of waves | to
V, increased IPIS froml-II and 11l or reduced anplitude of

waves 3V and V (Garg, Markland and Bustion 19827 Satya- Mirt hy,

Cacae and Hanson, 1979). Inthree of these cases norphol ogy
was normal for all the waves and in all five cases I11-V IP
was normal . Abnornalities were attributed to pathophysi ol ogi cal

processes involving the auditory nerves and spiral gangli a.

2. Charcot-Marie tooth di sease:

Charcot Marie tooth disease is a hereditary di sease bel ong-
ing to a broad spectrum of degenerative di seases that include
ol i vopont o- cerebel | ar, cerebel | oparenchymal and spi nocerebel | ar
di sorders and neuropathies. There is chronic degeneration of
peri pheral nerves and roots resulting in distal mnuscle atrophy
that begins in the feet and | egs and | ater devel ops in the hands.
There is extrene atrophy of the anterior tibial and calf nuscles

and wasting of the |ower thigh nuscles.d Deep tendon reflexes are
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usual Iy dimnished to absent. The di sease may become progre-
ssive and severs or nmay spontaneously arrest at any tine,

ABR findi ngs: Questionabl e wave v responses were present, for

exanpl e wavef or m nor phol ogy was poor and absol ute |atency was
abnormal and around 6.5 ns. This denotes auditory nerve dys-
function brain stemdysfunction or both but the greatest deficit
being in the central auditory system

3. ABR in spinocerebel | ar degeneration

Several studies have reported the influence of spino-
cerebel l ar degeneration of ABR  These studies have been [imted
primarily to Friedrech's Ataxia and Qivopanto-cerebellar atrophy.

The maj or cites of degeneration in Frieddaich's Ataxia are
the cortico-spinal tracts, dorsal root ganglia and the spino-
cerebellar tracts, Synptons include ataxia, inpaired position and
vibration sense hypotonia and pes cavua. ABRs elicited from
patients with Friedereich's Ataxia have beea categorized as being
normal with an absence or prolongation of the early or late
conponent s.

Category - 2 ABRs havebeeninterpreted as indicating dege-
neration primarily within the spinal ganglion (Satya-Mirti,
Cacace and Hanson, 1980) or within the cochlear nucleus and
SOC (Shannon, H nmelfarb sad Shlomt, 1981). Category-3 data were
consistent with aprimary site of degeneration within the
brai nst em
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The rel ation between duration of di sease and presence
of hearing | oss who determned. The patients were those
eval uated at KUMC and t hose adequately described in the lite-
rature (Pederaen and Troj aborg, 1981; Satya-nurti et al 1980,
Shannon et al 1981y Tayl or McMenam n, Andarnann et al 1982;
Jabarri Schwartz, McNeil et al 1983; Nuwer, Perlman, Packwood
et al 1983). The only significant correlation was between the
presence of a hearing | oss and ABR category. |If hearing was
normal , 20%of the patients vyielded a category 2 response and
80%a category. |If a hearing | oss was present 69%fell wthin

category 2 and 31%i n category 3.

The maj or sites of degeneration in olivopontocerebellar
atrophy are the brain stemand cerebel | um synpt ons i ncl ude
ataxia of gait and fine novement with LMH and brain stem signs.
The literature describes the ABRelicited from 10 patients
di agnosed with OPCA (G lory and Bynn, 1978, Nuwer et al 1983;
Satya-Mirti et al 1980). In 2 patients reported by Satya-Mirti
et al (1980) the ABRa were norrmal. The remaining 3 patients
had absent conponents or prol onged absolute |atency and | PI S.

Wien ABRa abnornality occurred, they were occasionally asymmetri cal

4. ABRin patients with denmentia of the A zhei ner type: (DAT)

Al zhei ner' s di sease or denentia of the Al zheiner's type
is characterized by diffuse brain |esions including among ot her
areas, the CANS. The prinary site of CANS invol venent in DAT

isthe tenporal cortex (Gay matter) with little evidence of
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white matter involvenent. Lesion of the CANS theoretically
result in inpairment of auditory functions, either behavioral
or el eetrophysi ol ogi cal subserved by the lesion area. It
di srupts the function of CANS as a result of tenporal | obe
pat hol ogy. ABR and MLRwere studied in a group of patients
with DAT to determne whether a correlate of denentia existed

I n these el ectrophysi ol ogi cal potenti al s.

Conpari son of absolute and i nterwave | atencies on ABR and
absolute latency and anplitude of the MLRin patients with DAT
and normal aged controls showed no significant differences bet-
ween groups for any neasure. |t was concl uded that the tenpora
| obe atrophy and hypenet aboli smseen in DAT is not generally
sufficient be disrupt the generating of ABR and M.R potenti al s,
however sl ow contical and cognitive evoked potentials may be

nore sensitive to CANS i npairnent in DAT.

The failure to discern significant group differences in
ABR val ues between nornal aged subjects and patients with DAT
relates directly to the predom nant cortical pathology of this
di sease. But there is evidence that sone brain stemor md brain
nucl ei are abnormal in Al zheiner's disease. In particular the
corus coerul eus and dorsal raphe nuclei have been shown to be

pat hol ogical in patients w th DAT.

These nucl ei both of which are at approxi mate anat om cal
| evel of the nucleus of the LL are involved in cortical |esion.

These nuclei are different in several ways fromthe nuclei of
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the central auditory pathway in that they have direct projec-
tions to the cortex while auditory nuclei believed to be respon-
sible far the ABR (i.e. cochlear superior olivary and | atera
| ermesic nuclei) project to the thal anus rather than directly

to the cortex.

The finding of normal auditory brain stempotentials is
nore consistent wth the current understandi ng of the |oci and
nature of the pathol ogy associated with A zheiner's di sease.

But there were a fewpatients in whomthe absol ute or interpeak
| atencies on ABRfell outside of the nornmal distribution. It

I a nost reasonabl e to assune that these patients have subtle
brain stemdysfunction affecting the CANS whi ch was not appar ent
on CT scan. Such brain steminpairnent m ght exist either as an
unrecogni zed and rate conponent of DAT, or equally possibly

as a phenonenon unrel ated to the denenti a.

5. ABR in Ransay Hunt Syndrone:

Bright in 1831 first recogni zed herpes Zoster as a cutane-

ous mani festati on of a di sease of the nerve.

The first autopsy in 1861, by Von Baren sprung indicated
a definite inflammatory lesion at the posterior root ganglion
but it was Koerner in 1904 who first linked the triad of signs
of vesicular eruptioninthe auricle, facial paralysis, and
I nner ear disturbance. However it was Ransay Hunt in 1907 who

investigated it in sonme detail and outlined a theory according
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to herpetic infection of the genicul ate ganglion was the cause
of herpes zoster appearing at a certain area of the external
ear which he tensed the "genicul ate zone*. By farther investi-
gations he proved that increasing pressure of the swollen,
gangl i on produced facial palsy and infection of the associated

8th nerve caused auditory synptons.

ABR findings: Audiologic investigations of the patients have

reveal ed hearing |l oss to the eoehlear origin and in sone neural .
Absence of recruitnment by ABLB test was reported ny Wl sh and

Wl sh. In a ease w thout vesicular eruption. No TDT and ABLB

and SISl indicated recruitnent. Study carried out by Sol non
Abronovi ch and Deepak Brasher in 1986. They took 13 patients from
21 to 73 years. And found vesicul ar eruption facial pal sy and
eochl eovesti bul ar synptons. 7/13 had abnornmal ABRs and 6/13

had i nterwave intervals prolonged fromthe normal. In 1 patient

t he brai n stemresponse nor phol ogy was abnornmal. | n another

pati ent no response because of severe hearing | oss was obt ai ned.

In all the patients tested ABRs were presented only on the
affected side. Striking features being the prolongation of the
| atencies of waves IIl aad Vwith the preservation of wave | which
clearly suggest retrocochl ear invol venent greater abnornal in

patients with conpl ete facial paralysis.

Hence the recordi ng of ABRs has clearly denonstrated retro-

cochl ear involvenent in patients wth aural herpes zoster, the
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| atenci es of wave Il and in particular, wave V were prol onged
or norphol ogy was abnormal. The latency of wave | was w thin

nornmal limts.

Brain stemor 9th nerve involvenent can result in simlar
abnormality of ABRs therefore nmaking the differentiation diffi-
cult. Small acoustic tunors that are clearly extrinsic and
wi th out brain-stemconpression can produce abnornal |y prol onged
waves |1l and V. This would inply that in patients with aura
her pes zoster with abnorrmal ABR t he | esion may be at the | evel
of spiral ganglion or the 8th nerve which may result in the
deaynchroni zati on and i npai rnent of neural transm ssion. The
abnormal ity of particular brain stemconponents nmay al so be
due to a lesion at the site of its generator or at a | evel pre-
ceding it. ABRdetected in patients with aural herpes zoster
may al so reflect brain steminvol vement, however it is not clear
how di storted i nput fromthe nerve to the brain stemmay affect

t he subsequent conponent gener at or.

These have been only six hostol ogi c studies to date of herpes
zoster limted to the tenporal bone sections. The findings of
Friedmann and Bl ackley et al indicated that the organ of
corti, the ganglion in the nodiolus and the 7th and the 8th
serves can be affected in the case of aural herpes zoster. Head
and Canpbel | |ater reported degeneration of the gasserion
ganglion the sensory root of the trigemnal nerve and through

t he pons.
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| nfl ammati on of neural and perineural structures in herpes
zoster could be a factor responsible for the underlying process
of desynchroni zati on and poor conduction which may result in
prol onged interwave intervals of the brain stemconponents and
abnormal ity of wave norphol ogy. The abnornalities were seen
only on the side of vesicular eruptions, these describes the

effects of the varicella zoster virus on the auditory pat hnay.

6. Al coholism

There are 2 nmechani sns by whi ch al cohol influences the
ABR structural changes include pseudobul bar pal sy and quadri -

pl egi a due to central pontine nyelinolyais and progressive

de
ataxi a due to cerebellar/generation. O the 66 eases reported

inthe literature approxi mately 42%denonstrated i ncreased |-V
IPIS (Chu, Squires and Starr, 1982? stockard, Rossiter and

Wi derholt, 1976). The incidence of ABR abnormalities was
related to the type and nunber of neurol ogi cal conplications,

subj ect's age and cerebel | ar atrophy reveal ed by CT scans.

Al cohol induced hypotherma influences the ABR by increasing
| PI'S, consequently, when recording the ABRof alcoholics it is
necessary to nonitor body tenperature during the procedure sad
preferably at nore than one |ocation. |f hypotherma cannot be
controlled, it has been suggested that 0.15 nsec shoul d be sub-
tracted fromthe I-VIPl for every degree centigrade the body

tenperaturefalls bel ow 36 degree (Rutschg et al, 1983).
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7. Brain death:

ABR is clinically useful ancillary test in the determna-
tion of brain death. Unlike neurol ogic examnation and EBB.
ABR neasurenent is not invalidated by aeuite nedical therapies
such as chem cal paral yzi ng agents and hi gh-dose barbi turates
It is possible to record awell-forned reliable ABRwi th
bar bi turate bl ood Bevel s in excess of 200 ng/L wi th suppression
of all neurologic signs of CHSintegrity. Furthernore ABR
outcone is highly correlated wwth the results of nucl ear CEP
studies in the determnation of brain death. Patients with
normal ABR have nornal cerebral bl ood flow (CBF) and conversely
patients with no ABRor only a wave | conponent have no cerebra

circul ation.

The finding of a wave | conponent w thout wave Il or V
I's the nost clear cut ABRoutcone. The majority of the cases
wer e managed with hi gh dose barbiturates. 1In 1/3 series the
ABR was used in determnation of brain death, always |In conjunc-

tion with nucl ear cerebral bl ood fl ow studi es.

Patient 1 43 year ol d wonan who was invol ved i n not or
vehi cl e accident (suffered multiple trauma including severe

facial crush, chest, injury and cl osed head i njury).

The ABRwas well with innormal limts. Followup after
3rd and 5th days again showed nornmal ABR  The patient's condi-
tion was subsequently aggressively managed and i nproved neuro-

| ogically. Evaluation of brain death was initiated on the basis
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of severe neurol ogi ¢ deconpensati on/ evi dence of apparently
fatal injury by conputed tonography on physiol ogic factors
(Gossly el evated | CP hypot ensi on, hypoxia etc)with brain
death patients. The patients denonstrating this pattern have
fulfilled clinical neurologic criteria for brain death a
non have survived wi th discontinued ventilation support. This
finding is interpreted as evidence of irreversible brain stem

destruction (dysfunction).

The ABR wave || may al so be observed in patients with no
brain stemrefl exes and no CHP. This may be an evi dence t hat
wave || conponent arises fromthe proximal portion of the 8th
crani al nerve rather than cochl ear nucl eus. The persistence
of these ABR conponents despite el evated | CP and depressed bl ood
pressure in consistent with experinental evidence of a differed
tial sensitivity of peripheral vs central auditory structures

t o severe CNS pat hephysi ol ogy.

The augnentation of ABRwave | in severe brain stem
dysfunction is a characteristic features in sone cases of
severe head injury. Perhaps the usually | arge anplitude of
wave | reflect | oss of efferent auditory CHS i nhibition of
cochlear activity. Leas likely is the possibility that elim na-
tion of acoustic reflex are activity by w despread brain stem

pat hol ogy results in increased cochlear activity.
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8. ABRI n | eukodvat rrophy:

It is awhite-nmatter di sease characterized by progressive
ataxia and paral ysis. Abnormal ABRs have been elicited ia two
forns of disease - Adrenol eukodystrophy (ALD) and netachromatic

| eukodyst rophy (M.D).

ALD occurs only in males and is the result of atrophy of
t he adrenal cortex and bal |l ooning of cortical cells. ABRS
eliatited from6 patients with ALDwere abnormal in five. Abnor-
malities included prolonged I-111,111-V, or I-VIPIS (Fariello
and Chun 1979, Garg at al 1982, Ochs, Markan and BeMeyer, 1979)
and m ssi ng conponents (C(chs et al 1979).

9. ABRin WIson's disease:

It is arare inherited netabolic disorder characterized
by an accumul ati on of copper in the liver, central nervous system
cornea and ki dneys. Neurol ogi cal synptons include rigidity,
at axi a and choreoat het oi d novenents. One study has reported the
effect of Wl sons di sease on the ABR (Fugita, Hosoki and
M yazoki, 1981). ABRs were elicited fromsix normal hearing
patients with this di sease, three that were synptoaa - free and
three that were not. ABRs were normal in synptom- free pttiaata
Wi |l e responses elicited fromthe renaining three patiaata showed
varied abnornalities. In two out of three patients with
synpt om absol ute | atencies of waves Il through VI and | MS e%
1-111, 111-Vwere prolonged* In the renaining one patient the

absol ute | atencies of waves IIl through V were prol onged. The
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i ncreased | atencies were attributed to brainatem| esions, the

| ocati ons of which were not identified.

Al of the patients showed di sturbances of consci ousness
and a score of sevea or |less on the dasgowconma scale. The
ABRs were classified as 1) Normal (N=27), 2) prol onged or
M ssing wave V (N-13) (3) Mssingwaves Il-Vor |-V (B-23).

O the 27 patients that did not show brain stemdysfunction,

22 (813) yielded atype 1 ABRand the remaining 5 (19% a type
2 ABR The 36 remaining patients yielded either type 2 or type
3 ABR

Resul ts hence indicate that when clinical signs suggest
I nvol verrent of | ower portions of the brainstem the ABR
becones progressively nore abnormal. This relation between
site of lesion and ABR type enphasi zes the rel atively poor

sensitivity of the ABRto high brain stem abnornadties.



SUMARY

The tentacl es of ABR hence have gripped the area of audi o-

| ogy maxi mal |y.

Starting fromthe studies on generation of nerve potentials
tothe clinical application. Farther boring deep into the neuro-
otologic inplications. The detailed overvi ew of which has just

been provided i n the previous chapters.

In brief ABRhelps in differential diagnhosis of acoustic
tunors depending on the tunor size and site of invasion (i.e.
| owbrain stemor high brain stem. Miltiple sclerosis and ot her
denyel i nati ng di seases can al so be studi ed extensively dependi ng
on the ABRfindings. But nost recently ABRis being used in | CU

for nonitoring the neurol ogi c status of comatose patients.

The | ast chapter deals with ABR findings in sone mscell a-
neous conditions affecting the various parts of the body and its

effect on ABR

Last but not the | east ABR saga in neuro-otol ogi c di agnosis

has been, one of the nbst nystical studies of the era.
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