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A SIMPLIFIED TECHNIQUE FOR
TRANSTYMPANIC ELECTROCOCHLEOGRAPHY

Miichell K. Schwaber, M.D.* and James W. Hall III, Ph.D.t

ABSTRACT

Recently, electrocochleography (ECochG) has enjoyed a resurgence in clinical
use, particularly in the preoperative and intraoperative evaluation of Meniere’s disease
patients. With a transtympanic electrode, large amplitude, repeatable waveforms can
be easily recorded. Despite this fact, transtympanic ECochG has not been widely
adopted in the United States, primarily because of the technical difficulties in securing
the electrode and then delivering a stimulus. We have developed a simplified trans-
tympanic electrode placement, using a standard subdermal needle held in place by a
foam plug earphone. The foam plug earphone not only secures the electrode, but also
delivers the stimulus. We have used this technique in a series of cases, both intraop-
eratively as well as in the outpatient clinic. The advantages of this approach are dis-
cussed and illustrated with individual and group data.

Among the first clinical reports of auditory
evoked responses were descriptions of intraopera-
tive recordings of cochlear and eighth nerve activ-
ity with electrodes located on the promontory of
the cochlea.’? However, because of the tech-
nical dlfﬁculnes associated with electrical artifact
and electrode placement, electrocochleography
(ECochG) failed to gain widespread acceptance.
The subsequent development of averaging com-
puters and far-field evoked responses soon led to
the adoption of scalp-recorded auditory brainstem
response (ABR) into clinical practice; ECochG re-
mained primarily a research tool. Recently, there
has been a resurgence of interest in ECochG, due
in part to studies that show an enlarged summatmg
potential in ears with Meniere’s disease.>” Both
preoperative and intraoperative ECochG has been
used to evaluate these patients, and a variety of
stimulus delivery and electrode configurations
have been reported. Two major types of electroco-
chleography electrodes have been used, transtym-
panic and ear canal.”!!

Transtympanic ECochG was first developed
by early investigators using a long needle elec-
trode, placed through the tympanic membrane
and held in place by a wire suspension system. A
speaker or a headphone was then held near the
subject to provide the acousnc stimulus. Recently,
Prass, Kinney, and Luders'? described a trans-

tragal technique, passing the electrode through the
tragus and the ear drum, and then securing the
electrode with sutures. A small plastic tube was in-
troduced into the ear canal to provide the stimulus.
The technlque reported by Gibson and col-
leagues consisted of a myringotomy and inser-
tion of a silver ball electrode through it and onto
the promontory. A headphone was then held in
place with a specially designed apparatus. Due in
part to all of the equipment necessary to perform
transtympanic ECochG, investigators began to ex-
plore the use of ear canal electrodes in their search
for an easier method.

Coats,® an early leader in the development of
ear canal electrodes, designed the Eartrode, a sil-
ver ball electrode glued to a mylar plastic clip. Af-
ter insertion into the ear, the clip springs open to
hold the silver ball in contact with the canal skin.
Unfortunately, electrode impedance is often quite
high with this system and patients occasionally
complain of discomfort. This led to the develop-
ment of ear canal foam plug systems, including the
Enhancer I and the TIPtrode.!

The Enhancer I consists of an electrode-
gel-impregnated foam plug through the center of
which is a sound conducting plastic tube. Similarly,
the TIPtrode consists of a foam plug with a thin
gold foil wrap attached to the outside surface, and
a sound conducting plastic tube through the cen-
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ter. With both foam plug systems, the stimulus is
delivered by a small plastic tube that connects the
speaker to the foam plug. The electrodes are at-
tached by a wire to standard pins that can then be
connected to most evoked response units. Elec-
trode impedance is usually very low, and patient
comfort and ease of insertion are significantly im-
proved over the Eartrode. However, as with all ca-
nal electrode configurations, the amplitude of the
waveform depends largely upon the distance of
the electrode from the cochlea itself.

This has led to the recent development of the
tympanic membrane (TM) electrode, which con-
sists of a silver ball attached to a small sponge
which is placed onto the ear drum.'’!* As ex-
pected, early reports indicate larger amplitude
waveforms compared to the other canal electrode
systems. A TM electrode type is not commercially
available.

We have developed a simplified transtym-
panic electrode placement, using a standard sub-
dermal needle held in place by a foam earphone.
In developing our simplified technique, we have
sought to combine the best features of the two ma-
jor types of electrode systems. Clearly, transtym-
panic ECochG provides the largest most repeatable
waveforms. Also, the foam plug sound delivery
systemn seems to be one that patients tolerate quite
well. By combining a transtympanic electrode with
a foam plug sound system, electrode position and
sound delivery have been greatly simplified, and
reliability of the response enhanced, as the foam
plug holds the electrode in place.

METHODOLOGY

Procedure

ECochG/ABR recordings were made with a
commercially available evoked response system.
Measurement parameters are summarized in
Table 1. Combined ECochG/ABR assessment
intraoperatively was carried out with an Fz-to-
promontory (noninverting-to-inverting) electrode
array. The Fz site, determined by the 10-20 Inter-
national Electrode System, is on the midline ap-
proximately halfway between the bridge of the
nose and the top (vertex) of the head. ECochG
assessment for diagnosis of Meniere’s disease was
done with a contralateral ear canal-to-promontory
(noninverting-to-inverting) electrode arrange-
ment. The ECochG AP component (i.e., ABR wave
I) was therefore always directed upwards.

The promontory electrode was a sterile stain-
less steel subdermal needle electrode (Nicolet Bio-
medical Instruments). This needle has a 12 mm
shank and a 0.4 mm diameter, a 1 meter wire, and
a standard pin (Fig. 1). In the operating room, all
other recordings were also made with this subder-

Table 1. Electrocochleography (ECochG) and Auditory
Brainstem Response (ABR) Measurement Parameters

Stimulus
transducer

type

duration

polarity

rate

intensity
presentation mode
masking

Acquisition

prestimulus time
sweeps

filter settings
notch filter
electrode sites
Channel 1 *
noninverting (+)
inverting (—)
Channel 2
noninverting (+)
inverting (—)
Ground
impedance

ER-3A insert tubephone
click

0.1 msec

alternating

7.1/sec

80 to 90 dB HL
monaural

none

10 or 15 msec
(ABR/ECochG)
5 msec (ECochG alone)
1 msec
25 to 100
(promontory electrode)
1000 to 2000
(earcanal electrode)
1 or 3 to 1500 Hz
none

Fz
promontory (ipsilateral)

Fz

earcanal (ipsilateral)
Fpz

< 10 K ohms

*Contralateral earcanal noninverting electrode to ipsilat-
eral promontory inverting electrode for ECochG alone
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Figure 1. Subdermal stainless steel needle electrode

and gold foam coated foam insert (TIPtrode) used in elec-
trocochleography recordings.

mal needle electrode whereas in the clinic silver
chloride disk-type electrodes were applied at sites
other than the promontory. In the clinic, the tym-
panic membrane was anesthetized with a Phenol
swab. A microscope was used for viewing the tym-
panic membrane. The patient typically reported a
burning or tingling sensation. In the operating
room, the patient was already under general anes-
thesia at this point in the procedure. The promon-

tory electrode was placed by the otologist under an 261
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lllustration of simplified technique for trans-

Figure 2.
tympanic insertion of subdermal needle electrode onto
promontory. Electrode lead is then secured within external
auditory canal by foam insert from tubephone.

operating room microscope. The insulated portion
of the sterile subdermal needle electrode (between
the shank and the wire) was grasped with bayo-
nette forceps and the electrode was directed down
the external auditory canal. The needle was then
inserted through the inferior-posterior portion of
the tympanic membrane to rest on the promontory
(Fig. 2). In the clinic, patients did not report pain,
and rarely expressed discomfort during insertion
of the transtympanic needle.

After transtympanic electrode placement, the
electrode lead, which extended from just lateral to
the tympanic membrane, was secured temporarily
by hand against the wall of the ear canal. The otol-

ogist then took a compressed gold foil foam ear
insert (TIPtrode) and placed it within the ear ca-
nal in the customary fashion (Fig. 2). The TIP-
trode was sterile for intraoperative ECochG. Both
the promontory electrode lead and transducer
tube were then secured with surgical tape to the
patient’s neck or chest. After placement of the elec-
trode, some patients undergoing ECochG record-
ing in the clinic have fallen asleep. At the conclu-
sion of ECochG assessment, ear phone and
electrode system were removed by simply pulling
them gently out of the canal. The TIPtrode was
discarded and the needle electrode was sent for gas
sterilization. The entire promontory electrode
placement procedure requires less than one
minute in the operating room and less than three
minutes in the clinic. To date, no promontory elec-
trode placed with this technique, has become dis-
lodged during testing. There have been no known
medical complications or tympanic membrane or
middle ear damage arising from promontory nee-
dle placement.

ECochG data were analyzed for three repli-
cated waveforms recorded simultaneously with the
TIPtrode and with the simplified transtympanic
needle electrode techniques. Analyses included
calculation of the SP and AP amplitude (in pvolt)
from a common baseline, the SP/AP amplitude ra-
tio (in %), and a measure of AP variability and
SP/AP variability (in %). The variability measures
provided an index of the difference in amplitude
among replicated waveforms. For the AP compo-
nent, the variability measure was as follows:

Table 2. Summary of Electrocochleography Data for Three Patient Groups

Group Electrode Type
Promontory TIPtrode
Subject # AP SP/IAP AP SPIAP
Age PTAT PTA2  SP AP var  SP/IAP var sP AP var SPIAP var
(yrs) Sex (dB) (dB) (wv) (W) (%) (%) (%) (W) (wv) (%) % (%)
Clinic
1. 37 M 33 22 1.71 7.14 6 24 1 NR 31 28 NR NR
2. 42 M 52 53 228 622 37 37 2 14 22 21 61 72
3.54 F 13 22 43 224 26 20 17 NR NR NR NR NR
4. 38 M 42 32 3.14  9.03 6 35 3 2 .32 29 51 34
5. 60 F 8 7 214 6.11 6 35 2 21 28 138 61 34
Mean values 194 6.15 16 30 5 .16 .28 54 54 49
Operating Room: Sac decompression
1. 24 M 17 5 1.29 353 19 38 13 29 60 44 62 22
2. 36 M 58 38 110 1520 17 72 3 NR .20 23 NR NR
3. 71 M 40 63 .80 146 47 50 9 10 .07 76 259 400
4. 57 M 55 55 43 154 83 38 39 09 a1 27 74 Ky
5. 40 M 35 47 1.83 8.75 4 20 1 NR .09 22 NR NR
Mean values 309 6.10 34 45 13 .16 21 38 132 151
Operating Room: Tumor removal
1. 35 F 12 2 24 191 30 13 8 NR 198 NR NR NR
2. 66 F 23 15 62 254 53 24 3 NR 50 72 NR NR
3. 65 M 27 53 NR 72 6 NR NR NR NR NR NR NR
4. 30 M 18 60 NR 28 14 NR NR NR NR NR NR NR
5. 37 M 15 25 .55 1.38 1 NR NR NR NR NR NR NR

969 Mean values 52 2.04 21
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(AP1-AP2) + (AP2—-AP3) + (AP1-AP3)/3 y

mean AP amplitude 100
An equivalent equation was also used for the SP/
AP relation. This measure permitted a comparison
of the reliability between the two ECochG tech-
niques and among the three patient groups.

Subjects

Subject characteristics are summarized in Ta-
ble 2. All subjects underwent ECochG recording
simultaneously with ear canal (TIPtrode) and the
simplified transtympanic needle technique. For
five subjects, ECochG was carried out in a clinical
setting in evaluation of suspected Meniere’s dis-
ease. ECochG recordings for the other 10 subjects
were carried out in the operating room during
neurotologic surgery. For five of these patients,
ECochG data were obtained prior to endolym-
phatic sac decompression. For the other five,
ECochG was recorded at the start of surgical re-
moval of posterior fossa tumors. The tumors (one
per patient) included a facial nerve tumor, a brain-
stem epidermoid, and eighth nerve tumors (1
acoustic neurinoma, 1 hemangioma, 1 meningio-
ma).

RESULTS

Selected ECochG data for transtympanic ver-
sus ear canal electrode placements are compared
in Table 2 and illustrated in Figures 3, 4, and 5.
Promontory electrode impedance ranged from 2
to 12 K ohms (average of 7 K ohms) for this series
of 15 patients. Amplitude of the ECochG action
potential (AP) component (also referred to as wave
N1) recorded intraoperatively and in the clinic for
a high intensity (80 to 90 dB HL) click stimulus is
typically on the order of 1 to 9 pvolts, depending
on the degree and etiology of hearing loss (Table 2
and Fig. 3-5). A clear and reliable AP was typically
apparent with as few as 25 to 100 sweeps, or about
4 to 14 s of test time. In comparison, the TIPtrode
electrode in this patient series produced AP ampli-
tude values that were, on the average, 0.21 pvolt.
Notably, only two of the five patients undergoing
tumor removal showed a reliable AP (ABR wave I)
with the TIPtrode, even after 1500 sweeps were
averaged (about 4 minutes of test time).

Response reliability, defined as the degree of
similarity among wave latency and amplitude mea-
sures from one test session to another or among
successive averaged waveforms, is an important
feature of ECochG recording. Assessment of test-
retest reliability for promontory ECochG record-
ings is not clinically justifiable as the needed diag-
nostic information is obtained on the initial
assessment. A second ECochG test is therefore not
indicated. As demonstrated by the waveforms in
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Figure 3. Electrocochleography (ECochG) waveforms
recorded simultaneously in a clinic with ear canal (TIP-
trode) versus simplified transtympanic needle electrode
technique from patients with suspected Meniere’s disease.
Note five-fold increase in amplitude for promontory elec-
trode site in most portions of figure. Audiometric and
ECochG data for these patients are summarized in Table 2.

Figures 3 to 5, identifiability and reliability of
ECochG components in successively averaged
waveforms, however, is clearly greater for trans-
tympanic than ear canal electrode recordings. This
observation is confirmed by the variability measure
reported in Table 2 for the AP component and the
SP/AP relation. In this series of 15 consecutive pa-
tients undergoing the simultaneous transtympanic
and ear canal electrode ECochG recording, all
showed a reliable AP component with the trans-
tympanic electrode (observed in all three replica-
tions) versus only one-third with the ear canal elec-
trode site (Table 2). Detectability of the SP was also
more likely with the transtympanic electrode than
the ear canal electrode. With the ear canal elec-
trode, no SP could be consistently detected among
the three replicated waveforms in four of the 10
patients with suspected or diagnosed Meniere’s
disease (the first two groups). In contrast, all of
these patients had a clear SP with the transtym-
panic electrode technique. Electrical interference
with waveform analysis, although not quantifiable,

appeared distinctly reduced for transtympanic ver- 263
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Figure 4. Electrocochleography (ECochG) waveforms

recorded simultaneously in the operating room with ear
canal (TIPtrode) versus simplified transtympanic needle
electrode technique from patients immediately prior to en-
dolymphatic sac decompression procedure. Note five-fold
increase in amplitude for promontory electrode site in most
portions of figure. Audiometric and ECochG data for these
patients are summarized in Table 2.

sus ear canal recordings, particularly in the oper-
ating room test environment (Figs. 4 and 5). In
addition, auditory brainstem response components
(waves 11, 111, and V) were not diminished with the
promontory electrode technique but, rather, were
typically enhanced. These observations are par-
tially illustrated by the waveforms in Figures 3 to 5,
although the reduced sensitivity of these displays
tends to obscure this observation.

COMMENT

The recent development of easily inserted ear
canal electrodes has increased the use of ECochG
as a clinical test in the evaluation of suspected Me-
niere’s disease patients. Data obtained have often
been used to make important clinical judgments,
including presence or absence of increased en-
dolymphatic pressure in the involved ear or in the

264 supposedly normal contralateral ear. Also, changes

in the electrocochleogram have been used to
“document” the efficacy of treatments. Unfortu-
nately, most of these studies have been performed
with ear canal electrodes. Because of the low am-
plitude of the waveforms, ear canal electrode re-
sults are subject to a great deal of artifact and are
often not repeatable. This problem is handled in a
variety of ways, the most popular of which is to
discard the worst response of several runs, and
then to average the remaining responses together.
Clearly, the significance of ear canal ECochG stud-
ies in such patients should be questioned.
Transtympanic ECochG, on the other hand,
provides clear, large amplitude waveforms that can
be reproduced in the same patient, as well as
among different investigators. In order to achieve
a real understanding of the electrocochleographic
findings in Meniere’s disease, reproducible wave-
forms must be easily obtainable by all investigators.
Our simplified approach places transtympanic
ECochG well within the realm of practicing otolo-
gists. The electrode-foam plug and/or TIPtrode is
easy to insert and readily maintains its position. By
virtue of the robust nature of the transtympanic
ECochG, a clear response is typically observed with
few stimulus presentations and brief test time (less
than 15 seconds), even in the relatively hostile op-
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Figure 5. Electrocochleography (ECochG) waveforms
recorded simultaneously in the operating room with ear
canai (TIPtrode) versus simplified transtympanic needle
electrode technique from patients prior to surgery for tumor
removal. Note five-fold increase in amplitude for promon-
tory electrode site in most portions of figure. Audiometric
and ECochG data for these patients are summarized in Ta-
ble 2.
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erating room test environment. This is a distinct
clinical advantage for intraoperative ECochG ap-
plications. This transtympanic needle electrode
technique provides a standard, against which all
other techniques can be judged for simplicity, re-
sponse magnitude, and waveform repeatability.
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