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ABSTRACT

The relationship between the latency of auditory 
brain-stern response (ABR) recorded from the surface of the 
skull and evoked potentials recorded with intracranial 
electrodes was studied to gain information about the sources 
of the ABR in adult cats. Intracranial recording sites in
cluded the round window, anterior-ventral cochlear nucleus, 
lateral superior olivary complex, and the dorsal nucleus of 
the lateral lemniscus. Acoustic click stimuli were pre
sented both ipsilateral and contralateral to the recording 
sites. Stimulus parameters were varied systematically.

Results of the study demonstrated that all potentials 
recorded from intracranial electrodes, with the exception of 
the VUIth nerve action potential, exhibit voltage fluctua
tions through a substantial period coincident with the sur
face ABR. The correspondence between the latency of a re
sponse observed at a specific brain stem site and the 
latency of the surface ABR changed in a complex way with . 
changes in stimulus parameters. Hence, the concept that the 
ABR is a manifestation of sequential activation of_the brain 
stem auditory nuclei is not supported by the data-gathered 
in this study. The complex relationship between potential 
generators and the ABR suggests that extreme caution must be 
used when interpreting the ABR in a clinical setting.

vii



INTRODUCTION

Small neuroelectric potentials believed to originate 
in auditory brain stem structures can be detected on the 
scalp of human subjects when far-field recording and 
averaging methods are,used. These stimulus-dependent 
potentials appear,as a series of small voltage fluctuations 
which occur during, a 10 msec period following the onset of 
an abrupt acoustic, stimulus. The individual wavelets are 
identified by assigning Roman numerals to each according to 
their order of appearance (Jewett and Williston> 1971), as 
illustrated in Figure 1. Upon the recommendation of the 
joint USA-Japan Seminar on Auditory Responses from the 
Brain Stem, the short-latency response ensemble has been 
designated the,Auditory Brain-Stern Response"(ABR) (Davis, 
1979)„

The ABR has been investigated using - several species 
in order to obtain information regarding its origin and the 
stimulus parameters that influence it. Among the data from 
laboratory animals, ABR potentials obtained from cat have 
been used frequently to serve as a model for mechanisms that 
contribute to the response. ABR potentials- obtained from 
cat are similar to the responses obtained from human sub
jects, as illustrated in Figure l.t The individual ABR 
peaks are labelled P^, ..., Pg according to the convention
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Figure 1. Examples of Auditory Brain-Stern Response (ABR) 

obtained from cat (upper tracing) and human 
(lower tracing) -- The example from cat is the 
mean response of 200 replications of a click 
stimulus presented at a rate of 20 per second 
and at a stimulus sound pressure of 66.5 dB peSPL. 
The example from human is the mean response of 
2,000 replications of a click stimulus presented 
at a rate of 20 per second and at a stimulus 
sound pressure of 65 dB nHL. Response components 
are labeled according to the convention suggested 
by Jewett (1970) and Jewett and Williston (1971).



suggested by Jewett (1970). Comparison of the human and cat 
responses in Figure 1 suggests some differences between 
responses obtained from the two species„ The cat response 
latencies are shorter and amplitudes are greater than those 
observed for humans. Four wavelets, and sometimes a fifth, 
are observed in recordings obtained from the cat, in con
trast to the seven waves reported from human subjects . 
(Jewett, 1970; Jewett and Williston, 1971). In the anes
thetized cat, the fourth wave (P^) has the greatest ampli
tude, whereas human data reveal the fifth (V) wave as the 
largest (Jewett and t^illiston, 1971) .

In spite of the differences between the cat and 
human ABRs, it is thought that the potentials may be 
generated in the same general way in both species (Huang and 
Buchwald, 1978; Lev and Sohmer, 1972; Jewett and Williston, 
1971). The cat has remained as an attractive laboratory 
model because of the wealth of information that is available 
regarding stimulus processing throughout that species' 
auditory brain stem strucutres, auditory nerve, and cochlea 
(Kiang, 1975; Brugge and Geisler, 1978; Tsuchitani, 1978).

While there is no doubt that the major components of 
the ABR do arise from the brain stem, neither the animal- 
based data nor human subject data have provided unequivocal 
support for theories regarding the origin of all of the 
individual response components. Sufficient information has 
been obtained to support the belief that the first wave is
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generated by the auditory, nerve, but the relative contribu
tion of individual brain stem structures subsequent to waves 
.occurring subsequent to the first is uncertain. Speculation 
regarding the origin of the response components has been 
based on three types of investigations: (1 ) observations of
changes in the latency and amplitude of surface-recorded 
ABRs associated with changes in stimulus parameters; (2) 
lesion studies involving animal subjects; and (3) compari
sons of data obtained with indwelling and surface electrodes.

?VResults' of investigations using tjhese three approaches are 
reviewed in the following sections.

The Influence of Stimulus Parameters 
Alteration of the ABR characteristics with changes 

in stimulus parameters has been interpreted either as a 
manifestation of "peripheral" (cochlear and auditory 
nerve^ or "central" (rostral to the auditory nerve) pro
cesses. In general terms, it is held that changes in re
sponse components that mimic those of Wave I (or P^) must be 
controlled by cochlear or auditory.nerve mechanisms. The 
divergence of the latency or amplitude of later response 
components from the pattern set by the first wavelettis. 
considered to be a reflection of "central" mechanisms.

The latency of all components of the ABR decreases 
equally as stimulus intensity is increased (Jewett and 
Romano, 1972; Pratt and Sohmer, 1976; Huang and Buchwald,



1978). Hence, it has been suggested that once neural 
signals have been initiated at the level of the auditory 
nerve, there is little modification within the brain stem 
for Changes in stimulus intensity (Huang and Buchwald, 1978) „ 
Observations regarding response amplitude with changes in 
stimulus intensity have not been documented thoroughly.

ABR latency and amplitude changes associated with 
alteration of stimulus repetition rate also appear to occur

y . ■ ■peripherally in the cat. This is demonstrated by equivalent 
latency; changes in all response components with varying' 
interstimulus;interval (1ST) (Mair, Elverland, and Laukli,
1979) and equal relative amplitude decrements of the indi
vidual response components with increasing click repetition 
rate (Huang and Buchwald, 197 8). In human subjects, 
stimulus rate increments result in an increased latency for 
each wave as well as an increase in successive'interwave 
intervals (Pratt and Sohmer, 1976; Hyde, Stephens, and 
Thornton, 1976; Harkins, McEvoy, and Scott, 1979). For 
example, Harkins et al. (197 9) report that latency for Wave 
V was approximately 0.5 msec greater when ISIs were changed 
from 100 msec to 10 msec. The 0.5 msec shift was accounted 
for by a 290 microsecond increase in the latency of Wave I,
a 140 microsecond increase in the interpeak interval between 
Waves I and III, and a 70 microsecond increase in the 
interval between Waves III and V. The shift in Wave I has 
been interpreted as. a reflection of peripheral processes.



and the interwave interval increments are considered to be 
due to central effects.

Investigations of the effects of binaural stimula
tion on the ABR extend this approach and allow for concen
tration on central effects exclusively. In humans, no ;dif- 
ferences in ABR latency are found when monaural and binaural 
stimuli are compared (Starr and Achor, 1975) but the ampli
tude of Wave V.associated with binaural•stimulation is 
greater than that resulting from monaural stimuli. Huang 
and Buchwald (1978) and Dobie and Berlin (19 79) have in
vestigated binaural interaction by comparing the ABR 
resulting from binaural click presentations with the sum of 
responses obtained for monaural clicks presented to each ear 
separately. Huang and Buchwald used cat and Dobie and 
Berlin used Guinea pig subjects. No differences in the 
amplitude of , and P^ were found when the amplitude
of summed monotic ABRs were, compared with the response to 
binaural stimulation. The amplitude of.P^ was clearly 
smaller with binaural stimulation than with summed monauralv

stimulation, however.
Don, Allen,.and Starr (1977) have extended the 

investigation of the effects of stimulus repetition rate to 
include observations of binaural effects. The response to a 
single click presented to the test ear was examined under 
conditions where the contralateral ear received a variable 
number of clicks prior to sampling from the test ear. They



found that prior stimulation of the contralateral ear 
failed to result in any alteration of the response from the 
test ear.

Overall, the investigations that have been limited 
to examination of surface recordings tend to support the 
concept that the Wave I (or P^) most certainly reflects 
activity of the auditory nerve, but the contribution of more 
rostral brain stem structures to later response components, 
is uncertain. For example, if the surface-recorded re
sponse -does represent some form of sequential activation of 
auditory nuclei or fiber tracts, one might expect to en
counter evidence of binaural interaction at about the time 
that Wave III (or P^) occurs, because the Wave III latency 
corresponds well with neural transmission delay to the level 
of the superior olivary complex. The absence of binaural 
interaction effects on Wave III suggests that it may be a 
poor manifestation of electrical activity generated in the 
binaural system, either at the level of the superior olivary 
complex or above that region. A refinement of the experi
ments dealing only with surface recordings includes studies 
of the effects of discrete lesions on the surface-recorded 
ABR.

Effects of Discrete Lesions 
1 The major investigation involving an examination of 

the effects of discrete lesions on the surface ABR was



reported by Buchwald and Huang (1975). Lesions were placed 
in various brainstem auditory nuclei in the cat. Their 
results suggest that integrity of the inferior colliculi is 
necessary for maintenance of P^. Intact cochlear nuclei 
were necessary for the production of , P^, P^, and P^s 
Only P^ could be observed after the auditory nerve was 
isolated from the cochlear nucleus. Midsaggital lesions 
were made to assess the contribution of crossed fibers. P^ 
and ?2 remained relatively unaffected by the midline lesions, 
but and P^were abolished, while P^.amplitude was reduced 
by about 50%. These observations led Buchwald and Huang to 
conclude that P^ and P^ are independent of crossed "fibers,
P^ is equally dependent upon crossed and uncrossed pro
jections, and P^ and P^ are highly dependent upon structures 
contributing to binaural sensitivity. iCorrelative evidence 
from human pathological material tends; to suppoftithe con
cepts developed by Buchwald and Huang (Starr and Achor,
1975; Starr and Hamilton, 1976). Hence the interpretations 
based upon the lesion studies are somewhat at variance with 
investigations based solely on surface recordings in intact 
subjects, particularly with respect to the probable origins 
of the response components subsequent to Wave IT (Pg)•

Comparison of Indwelling and 
Surface Recordings

Systematic comparison of the electrical activity 
obtained from restricted sites within the auditory nervous



system and the surface-recorded ABR provides for a further 
extension of investigations that concentrate on.the surface 
ABR and offers an advantage of studying an intact prepara
tion . Lev and Sohmer (1972) recorded simultaneously from 
electrodes positioned at various brainstem locations and 
surface electrodes placed on the scalp of cat. Acoustic 
stimuli consisted of clicks delivered at a fixed rate and 
intensity. By comparing the latency of responses obtained 
with indwelling electrodes to the ABR response peaks, they 
concluded that of the cat ABR is generated by the 
cochlear nucleus, P^ by the superior olivary complex, and 
P^-P^ by the inferior colliculus.

Others have suggested the inclusion of these brain 
stem structures in the generation of the ABR (Jewett, 1970; 
Starr and Achor, 1975; Huang and Buchwald, 19 78), but they 
were not able to support the conclusion that a particular 
surface-recorded component is the result of activity in only 
a single auditory brain stem site.- The concept of single 
principal generators for each of the ABR waves is probably 
an oversimplification. Jewett and Williston (1971, p. 692) 
suggested that the ABR represents "composites from multiple 
generators, both ascending and descending, in algebraic 
summation." Starr and Achor (1978) demonstrated that there 
are many separate sites in the brain stem that are active 
at the time of occurrence ofceach scalp component. Addi
tional evidence supporting the hypothesis of multiple
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generators was presented at the time this thesis was being 
completed (Ino and Mizoi, 1980; Achor and. Starr, 1980a; 
19.80b) . These recent findings will be considered later in 
this manuscript.

If multiple sites are active throughout the period 
corresponding to the ABR,tthen the lack of unequivocal 
evidence regarding specific response generators is under
standable. The multiple active sites could easily replace 
each other as sources for a designated voltage fluctuation 
corresponding to an ABR peak. For example, structures 
within the superior olivary complex could be intimately 
associated with Wave III for low stimulus intensities, but 
a major contribution to Wave III could be obtained from 
repetitive discharges at the level of the cochlear nucleus 
when moderate and high intensity stimulation is used to 
elicit the response. Due to a very restricted set of 
stimulus conditions, previous studies comparing indwelling 
and surface records have not been able to address the issue 
of possible changes among the contributors of ABRs. The
present investigation sought to address the issue of sources

■ .of the ABR by comparing indwelling and surface recordings 
for click stimuli, and by varying stimulus parameters in a 
manner that would permit examination of peripheral and 
central effects independently.



Purpose
It was the purpose of the present study to deter

mine if coincidence between electrical activity recorded 
from specific sites within the auditory nervous system of 
cat and the surface ABR is maintained over a range of 
stimulus conditions. The following questions were of 
interest:

1. What is the relationship between, the latency of 
responses elicited from restricted sites and the 
surface ABR when the stimulus level is varied from 
near-threshold to moderate intensities?

2. How do the response latencies from restricted sites 
compare with the surface ABR components when the 
interstimulus interval is varied?

:: - 3 .' What effects may be attributed to contralateral
stimulation to the recording site, either in a 
monotic or dichotic format?

Following the reasoning of earlier investigators, 
the stimulus conditions employing monotic stimulation were 
selected to examine combined peripheral and central effects. 
Binaural dichotic stimuli were selected to investigate 
central effects exclusively, according to the scheme de
scribed in the Procedures section of this thesis.



PROCEDURE

Experimental Preparation 
Nine young adult cats weighing between 2.0-2.5 kg 

with no evidence of external or middle ear otitis were used 
as subjects in this study. The animals were anesthetized 
with intraperitoneal injections (40 mg/kg body weight) of 
sodium pentobarbital. In order to maintain absence of 
corneal and withdrawal reflexes, supplemental anesthetic 
in 50% solution was administered intravenously as necessary.

Three recording sites were used: an electrode
placed at the rouhd window, an indwelling bipolar electrode 
placed in the auditory brain stem, and surface electrodes 
placed subcutaneously on the head. The animal was placed in 
a head holder with the head positioned to allow easy access . 
to the bulla. A post-auricular incision was made at the 
left pinna and soft tissue was separated to expose the 
bulla. The bulla was opened an a recording electrode formed 
of a hooked 5-mil stainless steel wire, insulated except at 
its tip, was placed on the bony margin of the round window 
niche. The .electrode was secured to the edge ofithe bulla 
with dental -cement and the tissue was closed. Stainless 
steel needle electrodes were inserted subcutaneously over 
the left bulla and in the cervical region to serve as refer
ence and ground, respectively. An active surface electrode

12
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was placed over the sagittal suture, approximately 5 mm 
anterior to the vertex. \

The animal was then positioned in a stereotaxic 
frame with the head secured by hollow ear bars in order to 
place the indwelling electrodes. The cranium was exposed by 
a midsagittal incision. For lateral lemniscus recordings, a 
hole was opened in the parietal bone approximately 8 .5 mm 
posterior to the coronal suture and 4.5 mm lateral to the 
sagittal suture. To locate the cochlear nucleus, a hole was 
drilled in the parietal bone just anterior to the lambdoidal 
suture and 8.5 mm lateral to the sagittal crest. For 
superior olivary complex recordings, an opening was drilled 
in the supraoccipital bone just posterior to the lambdoidal 
suture and 3.25 mm lateral of the sagitall crest. The 
bipolar recording electrode consisting of two 5-mil stain
less steel wires, insulated except at their tips, and fixed 
to either side of a piece of 22 gauge hypodermic tubing, 
by insulating varnish, was stereotaxically lowered in the 
cranium. The decision for final electrode placement was 
made according, to visual inspection of the auditory evoked 
response. After the electrode was secured, the animal was 
removed,from the stereotaxic frame. '

-At the end of each experiment, the animal was per
fused via a carotid artery with 200 ml saline solution fol
lowed by 200 ml fprmalin solution. The brain was extracted 
and immersed in formalin solution for 3-5 weeks. Sections



were made at 15 microns thickness and stained with Toluidine 
Blue. Every sixth section was mounted and examined, thus 
allowing a 90-micron resolution. Examination of the slides 
confirmed that the recordings were made at the anteroventral 
cochlear nucleus, lateral superior olive, and the dorsal 
nucleus of the lateral lemniscus (Figure 2).

Stimulation and Recording 
All recordings were obtained with the subjects

' . ’ ' ' ' % Alocated in a sound treated room. Rarefaction clicks 'were
formed by delivering 100 microsecond rectangular pulses to

• 1Audiovox 9C transducers that were tightly coupled to ear
molds. The earmolds were, securely fitted in the animal's 
ear canals. Electrophysiological signals were led to a 
differential, alternating current preamplifier (Grass, Model 
P-15) with low and high frequency filter settings o f '30 Hz
and 2000 Hz, respectively. The signals, after further• • . . ■ ; i
amplification - (Burr-Brown, Model 364 0) , were submitted to 
averaging procedures using a general purpose computer (Data 
General, Nova 3). The ongoing EEG was continously monitored 
on an oscilloscope (Hewlett Packard, 130 BR) and averaging 
was interrupted if artifacts.became evident. Each averaged 
response was stored on a floppy disk and subsequently 
plotted using an X-Y recorder (Houston Instrument Omni
graphic 2 000 recorder).
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Figure 2. Confirmed electrode recording sites in the cat
brainstem.—  Upper tracing is a sagittal view of 
electrode placement angle and recording location. 
Lower tracings are coronal sections illustrating 
recording site in dorsal nucleus of the lateral 
lemniscus (DNLL), lateral superior olivary 
complex (LSOC), and anteroventral cochlear 
nucleus (AVCN).



Electrical activity from surface and intracranial 
recording sites was simultaneously averaged, on separate 
channels. Two hundred samples were obtained for stimuli 
varying in 10 dB steps between 0 and 60 dB re: the labora
tory standard threshold for whole nerve AP responses 
obtained from normal cat subjects. This corresponds to 
26.5 dB peak equivalent SPL for the click stimulus. A 12 
msec epoch was sampled, comprising 128 points with a dwell 
time of 93.75 microseconds for each channel. Acoustic 
stimuli' were delivered at a rate of 20 per sec both ipsi- 
laterally and contralaterally.

Responses associated with changes of interstimulus 
interval were obtained- by delivering a series of three 100 

microsecond rectangular pulses in the following manner. A 
single click was presented followed by a pair of clicks.
The interstimulus interval (IS!) between the two clicks of 
the pair was 1, 2, 4, 8 , 10, or 12 msec. The interval 
between the single click and the first click of the subse
quent pair was 200 msec. The interval between the second 
click in the pair and the subsequent single click was 200 

msec minus' the ISI (Figure 3) . This interval was considered 
sufficient for recovery of the early auditory brain stem 
evoked components (Jewett and Williston, 1971). A 27.6 msec 
time window was used for sampling activity coincident with 
single and paired clicks. The dwell time was 53.9 micro
seconds per data point within each sample. Mean responses



Figure 3. Schematic representation of. paired click paradigm 
-- (A) a single click was followed by a pair of 
clicks that were separated by an interstimulus 
interval (ISI) of 1, 2, 4, 8 , 10, or 12 msec.
(B) Examples of RW potentials obtained in 
response to the single click, the click pair, 
and their arithmetic difference. Stimulus level

 . - was 56.5 dB. peSPL and the 1ST for the paired
clicks was 2 msec.
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Figure 3. Schematic representation of paired click paradigm.
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associated with the single click were arithmetically sub
tracted from the mean response to the click pair by the 
computer. This resulted in a difference consisting of.the 
waveform of the mean response to the second click of the 
pair only. Three sets of data were stored for later 
analysis: (1 ) response to the single click, (2 ) response
to the click pair, and (3) the difference between the single 
and pair responses (Figure 3). Latency for each of the 
three sets of data was measured from the onset of the click 
preceding that response. ,:

This stimulus paradigm was presented both 
monotically and dichotically at stimulus sound pressures of 
30 and 60 dB re: the laboratory.standard. For monotic
stimulation, the single click and the click pair were 
delivered lipsilateral..to the recording sites. For dichptic 
stimulation, the single click and the first click of the 
pair were delivered contralaterally while the second click 
of the pair was delivered ipsilaterally. A two-channel 
speech audiometer (Grason-Stadler, Model 162) was used for 
mixing and attenuation of the stimuli.

A specific voltage fluctuation in the intracranial
§ ’’ i t . -- iiiresponse was matched with a surface component to examine the 

relationship between intracranial and surface potentials.
The 1ST data were, obtained using consecutive recordings of 
surface and intracranial.potentials. Since changes in the 
response characteristics can occur over long time periods
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(4-5 hours), recordings from surface electrodes and intra
cranial electrodes were always obtained within five minutes 
of each other.

Response latency and amplitude were measured by 
positioning a cursor on the designated peak of the wave. A 
digital readout of the position of the cursor was provided 
by.the computer. These cursor values were then converted to 
time and voltage, respectively. Vertex positivity is repre
sented as upward going deflections in all' records from 
surface electrodes. Latency was determined as the time from 
the onset of the computer-generated stimulus pulse to the 
desired relative maximum, and amplitude was measured from 
the minimum to the following relative maximum, except in the
case of Wave I where the baseline was used as the reference.

I!The results to be reported in the next section are 
based oh recordings from six of the nine animals]. Three 
were rejected because of complications of the' surgical pro- 
cedure or equipment failure. The remaining six animals were 
studied with round window and surface electrodes. Two 
animals were studied with indwelling electrodes at each of 
the recording sites illustrated in Figure 2. Because of the 
small sample size, no inferential statistic manipulations, 
were applied to the data. Rather, means and ranges, based 
on six or on two subjects, will be reported.



RESULTS

The evoked potentials recorded from surface and 
intracranial electrode sites were characterized by complex 
waveforms with multiple peaks. The relative amplitudes of 
the individual peaks within a response ensemble were in
fluenced in a systematic way by modification of stimulus 
parameters. However, changes in response properties were 
peculiar to each of the recording electrode sites. Because 
of the complex interaction between stimulus parameters, 
recording sites, and gross response amplitudes, no attempt 
was made to specify the convolutions among the amplitudes 
of the individual responses obtained from indwelling 
electrodes and the amplitudes of designated peaks in the 
surface recorded responses. Rather, the data analysis 
focused entirely on the latency of the surface-recorded 
response components and the latencies of selected relative 
maxima and minima of the evoked potentials recorded from 
indwelling electrodes.

The surface-recorded peaks selected for analysis 
were the first four relative maxima that are conventionally 
designated P^, ..., P^, as illustrated in Figure 4. - Figure
4 also provides examples of responses obtained at";..the round 
window (RW)., and from electrodes located within the antero- 
ventral cochlear nucleus (AVCN), lateral superior olive

20
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Figure 4. Examples of the cat auditory brainstem responses 
recorded from the surface, dorsal nucleus of the 
lateral lemniscus (DNLL), lateral superior olive 
(LSO), anteroventral cochlear nucleus (AVCN), 
and the round window (RW) —  Click stimuli were 
delivered at a rate of 2 0/sec and at a stimulus 
level of 30 and 60 dB; re: laboratory standard 
(26.5 dB peSPL). Arrows indicate deflection 
selected for analysis.



(LSO), and the dorsal nucleus of the lateral lemniscus 
(DNLL). The AVCN response peak chosen for analysis was the 
second voltage reversal encountered in the response wave
form, as this appeared to be inoclose registration with the
P„ component observed in the surface recordings„ The LSO A

responses were characterized by three or more voltage 
reversals, and the peak chosen to represent the LSO‘response 
latency corresponded to the second voltage reversal that 
occurred subsequent to the representative AVCN latency. 
Responses obtained from the E)NLL were characterized by a 
representative latency corresponding to the first voltage 
reversal after response onset. The latency of this peak was 
greater than the latency of .

Effects of Stimulus Sound Pressure 
For ipsilateral stimulation, the latency of the 

surface components decreased approximately 500 microseconds 
with increases in stimulus sound pressureithrough the 60 dB 
range. The group mean peak latencies are illustrated in 
Figure 5. For contralateral stimulation, only P^ and P^ 
were consistently observed. P„ and P latencies decreased

3 4
as sound pressure increased. When these latencies were 
compared with ipsilateral response latencies, P_ latency was

-  3

consistently greater. The latency of P^ was similar for 
both ipsilateral and contralateral stimulation.
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Figure 5
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Group mean latency values for components of the 
surface ABR as a function of stimulus sound 
pressure —  Ipsilateral stimulation is indicated 
by filled circles; contralateral stimulation is 
indicated by open circles.
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Response latencies from intracranial recording 

sites varied inversely with increases in stimulus sound 
pressure. This was true for both ipsilateral and contra
lateral stimulation with the exception of LSO latency. 
Ipsilateral stimulation with various stimulus sound 
pressures elicited only minimal response latency changes. 
Figure 6 displays the group mean peak latencies.

A summary of the differences between latencies of 
surface-recorded peaks and intracranial response latencies 
is illustrated in Figure 7. The intracranial latency value 
is plotted in reference to its associated surface peak 
latency value. Negative difference values indicate the 
intracranial latency lags behind the surface peak. Only 
slight variations in the latency difference were noted for 
P^-RW and P^-CN (<_ 0.1 msec at all stimulus levels). P^- 
LSO and P^-DNLL latency differences appeared to be dependent 
upon stimulus sound pressure. For low-level stimulation,
LSO latency was less than P^ latency, at 30 dB latencies 
were equal, and at higher sound pressures, LSO latency was 
consistently greater than P^. , For P^-DNLL, at low sound 
pressures, DNLL latency was greater and paralleled P^.
Above 40 dB, DNLL latency was increasinly delayed relative 
to the latency of P^.



25

Figure 6
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Group mean latency values for intracranial 
potentials as a function of stimulus sound 
pressure —  Ipsilateral stimulation is indicated 
by filled circles; contralateral stimulation is 
indicated by open circles. Range of latencies 
is indicated by vertical bars (for ipsilateral 
stimulation).
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Indwelling leads
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Figure 7. Time differences between surface-recorded peaks

and intracranial response latencies —  The ultra- 
cranial latency value is plotted in reference to 
its associated surface peak latency value. 
Negative difference values indicate the intra
cranial latency lags behind the surface peak. 
Symbols: squares--RW-P^; open circles— AVCN-P^; 
diamonds— LSOC-P3 ; filled circles--DNLL-P^.



Effects of Interstimulus Interval
For monotic stimulation, latency values of the

surface/',ABR components decreased as ISI was increased from
1 to 8 msec. Beyond 8 msec, latency values asymptote. This
occurred at both sound pressures (Figure 8). For dichotic
stimulation, ISI did not influence latency values of any of
the surface components (Figure 9).

Intracranial latency values also decreased with
increasing ISI to 8 msec, subsequent to which values
asymptote for both sound pressures. One exception occurred
with LSO recordings at 60 dB where no latency change was
noted with increasing ISI (Figure 10). Dichotic stimulation
revealed no influence of ISI on intracranial latencies, as
can be seen by the absence of latency shifts with changes in
ISI (Figure 11). Unfortunately, 'data obtained from the DNLL(1for dichotic stimulation were lost.

For both surface and intracranial tracings, the 
latency change resulting from increasing ISI from 1 to- 8 
msec became more pronounced for potentials generated from 
rostral sites; i.e., and DNLL. Latency values did not 
reach the latency value of the single click, even for ISI 
Of 12 msec, thus indicating complete recovery was not 
attained. This occurred for all recording sites and - 
stimulus presentations.

Differences between latencies of surface-recorded 
components and intracranial response latencies are
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Figure 8 . Group mean latency values for components of 

surface recorded ABR after prior ipsilateral 
stimulation (monotic) -- Thirty dB stimulus 
level indicated by open circles, 60 dB stimulus 
level indicated by filled circles, re: laboratory 
standard. The response latency for the single 
click stimulus is identified by the S for both 
stimulus levels. Range values of individual ISIs 
did not exceed range of single click. Range 
values are indicated by vertical bars.
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Figure 9. Group mean latency values for components of
surface recorded ABR after prior contralateral 
stimulation (dichotic) —  Thirty dB stimulus 
level indicated by open circles, 60 dB stimulus 
level indicated by filled circles, re: laboratory 
standard. The response latency for the single 
click stimulus is identified by the S for both 
stimulus levels. Range values of individual 
ISIs did not exceed range of single click (see 
Figure 8 ).
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Figure 10. Group mean latency values for intracranial
potentials after prior ipsilateral stimulation 
(monotic) —  Thirty dB stimulus level indicated 
by filled circles; 60 dB stimulus level indi
cated by open circles, re: laboratory standard. 
The response latency for the single click 
stimulus is identified by the S for both 
stimulus levels. Range values of individual 
ISIs did not exceed range of single click (see 
Figure 6 ).
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Figure 11. Mean latency values for intracranial recordings 
after prior contralateral stimulation (dichotic) 
—  Thirty dB stimulus level indicated by filled 
circles, 60 dB stimulus level indicated by open 
circles, re: laboratory standard. The response 
latency for the single click stimulus is 
identified by the S for both stimulus levels. 
Range values of individual ISIs did not exceed 
range of single click (see Figure 6).



\

32
illustrated in Figure 12. The intracranial latency value 
is plotted in reference to its associated surface peak 
latency. Negative values indicate the intracranial latency 
values are greater than the surface components. Latency 
differences between P^-RW and P^-CN were small (± 0.1 msec), 
and the intracranial potential latencies tended to parallel 
the surface peaks. The latency of LSO was earlier.:, than P^ 
at all ISIs, with differences of .45 msec at short ISIs 
(60 dB), 0.2 msec at an ISI of 8 msec, and approximately
0.3 msec at greater ISIs. Sound pressure appeared to 
influence these latency differences, as evidenced in Figure 
12. DNLL response latency was consistently greater than 
P^ latency, with a maximum difference of 0.35 msec (30 dB) 
at an ISI of 4 msec.
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Figure 12. Differences between latencies of surface-
recorded components and intracranial response 
latencies —  The intracranial latency value is 
plotted in reference to its associated surface 
peak latency. Negative values indicate the 
ultracranial latency values lag behind the 
surface peak. Thirty dB stimulus level is 
indicated by open symbols; 60 dB stimulus level 
is indicated by filled symbols, re: laboratory 
standard. Symbols: square— RW-P^; circle-- 
AVCN-P2 ; diamond— LSOC-Pg; star— DNLL-P4 .



DISCUSSION

The results of this study suggest that there are 
several sites within the brain stem which contribute to the 
ABR voltage fluctuations that occur after P^. Further, the 
modification of the correspondence between the latency of a 
specific surface-recorded ABR peak and the latency:, of a
response observed at a specific brain stem site suggests

■ «that the sites which dictate the ABR response properties for 
one stimulus condition may be different when stimulus 
characteristics are changed.

Three investigations, published after the data col
lection for this thesis was completed, are supportive of the 
concept of multiple, changing origins o,f the ABR. Ino and 
Mizoi (1980) used a vector analysis technique to study the 
origins of the surface-recorded ABR in human subjects. The 
observations of Ino and Mizoi revealed that each of the ABR 
components, except Wave I, has a vector that derives from 
electrical activity in two or.more regions of the brain stem.

Achor and Starr (1980a, 1980b) have reported one 
study involving placement Of lesions in the brain stem and 
a second study which examined the coincidence among voltage 
fields developed in auditory brain stem structures and 
surface-recorded potentials. The temporal distribution of 
voltage fields was examined for time periods of 2 00



microseconds that centered on the maximum voltage fluctua
tion encountered at numerous electrode sites. The stimulus 
used by Achor and Starr, was a click presented at approxi- ' 
mately the sound pressure level corresponding to 60 dB used 
in the present study. Interestingly, they report voltage 
peaks which continue to appear throughout the period of the 
ABR response after the response develops at a given elec-s 
trode site. For example, their recordings obtained from the 
cochlear nucleus reveal voltage fluctuations - (other than 
baseline noise) which continue for the full time period.of 
the ABR. Recordings from the superior olivary complex had 
an initial peak corresponding with and subsequent peaks 
at / Pg, and so forth, throughout the surface-recorded 
response^ The data analysis in the present study was 
restricted to a consideration of the latency of a single 
designated peak in the records obtained from the indwelling 
electrodes, but an examination of Figure 4 will support the 
contention that electrical fields continue to fluctuate for 
a considerable time period around the designated peak. A 
review of the present findings with respect to each of the 
surface-recorded peaks suggests the following.

Component P^
• Latency values of the major, peak of the action 

potential recorded from the round window paralleled the 
latency of the associated surface peak, P^, when sound
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pressure and interstimulus intervals were changed (Figures 
7 and 12). These findings offer further support for the 
conclusion that the VUIth nerve is the major contributor 
to P1.

. . v /  7 - Component
The latency of responses obtained from the AVCN

recording sites tends to lag slightly behind the Pg response
component Shen onl-y -the peak latency as designated in Figure
4 is considered. Hence, it is probable that cochlear
nucleus structures contribue .substantially to the latency
characteristic of P„. Under - conditions of moderate sound2
pressure level stimulation, however, activity from the 
superior olivary complex could be observed in the region of

Component P^
Ipsilateral stimulation over the 60 dB range used in 

this study resulted in minimal latency shifts for the 
designated major peak of the superior olivary complex 
recordings. Latency shifts for P^ were approximately three 
times the magnitude of the shifts noted for the peak ob
tained with indwelling electrodes. Contralateral stimula
tion over the same range of stimulus magnitude resulted in 
parallel shifts of P^ and superior olive recordings, how
ever. An additional discrepancy between ipsilateral and 
contralateral stimulation results was noted when dichotic
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stimuli with varying interstimulus intervals were presented. 
Dichotic stimulation involving a prior contralateral click- 
failed to introduce any latency change in , but the 
corresponding superior olive recording revealed alteration 
in latency, morphology, and amplitude for the 30 dB condi
tion. No changes were observed for the or superior olive 
recordings for the 60 dB condition. These discrepancies 
suggest.that the relationship between P^ and the superior 
olivary complex recordings are tenuous, at best, and that
structures other than those from which recordings were

. ' Mobtained in the present study must have a considerable
influence on the nature of the P^ component.

Component P^
The latencies of the responses obtained from the 

DNLL tended to lag behind the P^ latency at low stimulus 
levels and failed to come into registration with P^ at 60 
dB. (Part of the latency recovery data associated with 
dichotic stimulus conditions were lost from the storage 
medium prior to data analysis and are unavailable for 
comparison.) Thus, it appears that the DNLL contributes 
solely to the later components of the ABR, rather than P^ 
as reported by other authors (Achor and Starr, 1980a) for 
contralateral stimuli.



Binaural Interaction
The dichotic presentation of the paired click 

stimuli was employed to provide information regarding ABR 
processes that exclude effects due solely to the cochlea and 
auditory nerve. The data revealed minimal interaction in 
the form of latency changes for pulses having brief ISIs, 
when the leading pulse was led to the contralateral ear and 
the second pulse was led to the ipsilateral ear. This 
finding suggests that stimulation of the contralateral ear 
does not produce a subtractive effect on the responses 
resulting from ipsilateral stimulation. The dichotic . 
stimulus findings in the present study are in agreement 
with the findings of Don et al. (1977) who examined the 
effects of dichotically presented clickctrains.

The dichotic stimulus results stand in contrast to 
the recovery of response latency associated with variable 
ISIs, when both leading and second clicks were presented 
monotically. Response latency decreased systematically with 
increments of ISI until reaching asymptote at an ISI of 8 

msec. The latency values associated with this asymptote 
were not equal to the latency value of the response due to 
a single click stimulus. This suggests that complete re
covery was not obtained for interstimulus intervals of 12 

msec and that additional ISIs extending beyond 12 msec will 
be required to describe the response recovery functions 
more completely.



Conclusions
The data gathered in this study.' support the fol

lowing conclusions:
1. All potentials recorded from indwelling electrodes,

with the exception of the whole nerve AP response
obtained from the round window, exhibit voltage
fluctuations through a substantial period coincident
with the duration of the ABR. Therefore, only the
P, surface component can be accounted for exclusively 

J -  ' :

' by a single; site.
2. The relationship between P^ and the AVCN potentials 

was not altered, in terms of latency, with modifica
tions of ISI and stimulus sound pressure. Hence, 
the cochlear nucleus structures provide a major 
contribution to P^. It should be noted, however, 
that the whole nerve AP and the AVCN recordings are 
characterized by multiple peaks extending well into 
the time frame of surface-recorded potentials beyond

r P_ when moderate stimulus intensities are used, z
Discrete unilateral lesions in the auditory brain 
stem rostral to the cochlear nucleus may not be 
manifested by changes in the ABR because of the con
tribution of the VUIth nerve and cochlear nucleus.

3. The complex relationship between the P^ and LSO
potentials suggests that neither the ipsilateral nor
contralateral LSO structures account for P_,3
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exclusively. This conclusion, supported by the 
Achor and Starr (1980a) data, disagrees with the 
conclusions of Lev and Sohmer (1972).

4. Since voltage fluctuations from the AVCN, LSO, and 
DNLL all may occur at a time corresponding with , 
the origin of is not exclusively within the 
upper brain stem.

.... The results of the present study are not supportive
of the concept of single generators that are activated 
sequentially for each of the surface ABR components. The 
^present data and- those-of Achor and Starr (1980b) suggest 
that damage to one portion of the brain stem rostral to the 
cochlear nucleus may have unpredictable effects on the 
surface-ABR components. Since a specific generator cannot 
be assigned to most of the scalp-recorded components, 
clinical diagnosis of brainstem lesions, or hearing loss 
using ABR audiometry techniques must be approached with 
extreme caution.
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