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Abst.ract

We measured cochlear blood flow in 12 patients who received cochlear
implants using a laser-Doppler probe with an outer diameter of 0.8 mm. The
subjects included congenital deafness, idiopathic progressive sensorineural
hearing loss, Waardenburg syndrome, narrow internal auditory canal, and
sudden deafness. Putting the probe tip to the site of drilling for cochlear
implantation, we measured blood flow before, during and after the cochlear
bony wall was opened. The laser-Doppler output was confirmed even after
the tip of the probe was inserted into the perilymphatic space in all cases.
Our results revealed that blood flow was maintained in all cochleas though
there was a probability of reduction in blood flow volume. We conclude that
laser-Doppler flowmetry is both saf¢ and useful for measuring blood flow in

the ears during cochlear implantation procedures.
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Introduction

Impairment of cochlear blood flow (CBF)may be one of the factors
implicated in the pathophysiology of sensorineural hearing loss.'2 To
evaluate CBF, various methods have been used including intravital
microscopy,>4 impedance plethysmography,’ laser-Doppler flowmetry !
and microspheres.”-8 However, at present, only laser-Doppler flowmetry is
clinically available for measuring human CBF.!-9-14 For this approach, the tip
of a probe is normally placed on the bony promontory over the cochlea. In
this situation, the degree of contribution of the bone blood flow to the laser-
Doppler output must be evaluated. Laser-Doppler flowmetry gathers more
signals from the blood flow in the area closest to the tip of the probe, and the
bone's blood supply, which probably comes from the external carotid artery
system, may behave differently from the CBF, which comes from the
verichral arterial system.!> At present, the degree of contribution of the
bone blood flow to the laser-Doppler output in humans is not clear.

When assessed by laser-Doppler flowmetry, the degree of contribution
of the bone blood flow is associated with the thickness of the bone, the
wavelength of the laser, the permeability of the bone, the size of the probe,
and the position of the probe tip.10-16:17 Based on results of simultaneous
measurement using laser-Doppler flowmetry and microspheres in rats, it has

been estimated that between 30% and 40% of the laser-Doppler output
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depends on bone blood flow.!® Because the bone surrounding the cochlea is
thicker in humans than in experimental animals, the actual contribution of
the bone blood flow to the laser-Doppler output is likely to be greater in
clinical situations.

Patients receiving cochlear implants offer clinicians a unique
opportunity to evaluate the contribution of the bone blood flow
systematically, as the bone surrounding the cochlea is opened. We believe
that the true component of CBFcan thus be measured most accurately by
laser-Doppler flowmetry in such a situation. Here we report on the

imeasurement of CBFin the ears of patients receiving cochlear implants.

Methods

The subjects for this investigation were 12 patients who received
cochlear implants. There were seven males and five females, and their ages
ranged from 2 to 55 years. All parents of the children and all adult patients
received an explanation of the method and purpose of the study, and
provided informed consent. The causes of deafness were unknown, except
for one patient who had Waardenburg syndrome. One child had bilateral
narrow internal auditory canals (Fig. 1). Three adults had been diagnosed as
having idiopathic progressive sensorineural hearing loss. One adult patient

had experienced idiopathic sudden sensorineural hearing loss two years
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previously.

CBF was measured using a laser-Doppler flowmeter (model ALF 21,
Advance, Tokyo, Japan) under general anesthesia with sevoflurane and
nitrous oxidf;. Systolic blood pressure was between 85 mmHg and 123 mmHg
and diastolic blood pressure was between 35 mmHg and 70 mmHg at the
measurement in 12 patients. Thé ouicr diameter of the probe was 0.8 mm,
and the fiber separation between the exciting and receiving optic fibers was
0.3 mm. The tip of the probe was aitached manually to the site of drilling for
cochlear iniplantation. Blood flow was measured before, during, and after the
cochlear bony wall had been opened, as demonstrated in Figs 2a-e. For
drilling, we used a skeeter drill (Medironic Xomed, Jacksonville, FL, USA)
with an outer diameter of 0.8 mm.

Fig. 2a shows the tip of the laser-Doppler probe attached to the mucous
membrane of the promontory before drilling commenced. Fig. 2b shows the
placement of the tip of the probe when the mucous membrane of the
promontory had been removed by the drilling. Fig. 2c shows the placement
of the tip of the probe when half of the bony wall had been drilled. Fig.2d
shows the tip of the probe attached to the lateral membrane of the scala
tympani. Fig. 2e shows the placement after the bony wall had been opened,
with the tip of the probe inserted into the perilymphatic space. It took less

than one minute to drill through half of the bone. The drill speed was about
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12,000 rpm. We used saline several times to cool the bone during the

drilling.

Results

Table gives the values of the laser-Doppler output measured at the
positions shown in Fig. 2a-e. The laser Doppler output was largest when the
tip of the probe was attached to the mucous membrane of the promontory
(ANOVA test, p <0.01). As shown in Table, measurements could not be done
at some positions when it was considered that the drilling proceeded too
deep for the measurement. An example of the recording is demonstrated in
Fig. 3. Fig. 3 shows that the laser-Doppler output became stable within
several seconds after the placement of the probe. It took about ten minutes
for the evaluation of blood flow including five measurements (Fig. 2a-e).

Fig. 3 also shows a tendency that pulsatory movement of the output was
wide when the output was large.

The output was confirmed in all situations and cases, except in two
patients for whom output was zero when measured at the position shown in
Fig. 2d. Even in the patient with narrow internal auditory canals, output was
confirmed in all situations as shown in Table. There was no significant
difference among the values of the laser-Doppler output measured at

positions shown in Fig. 2b-e. A correlation was observed between the values
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of the laser-Doppler output measured when the tip of the probe was

attached to the mucous membrane of the promontory and those measured
when the tip of the probe was inserted into the perilymph (r= 0.78, p <0.01).
However, there was no significant correlation between the values of the
laser-Doppler output measured when the tip of the probe was attached to’
the mucous membrane of the promontory and those measure(}.‘ at the
positions shown in Fig. 2b-d.

There was no correlation between the laser-Doppler output and blood
pressure. When patients were analyred as two groups; adults (aged 16 years
or older) and chlildren (aged three years or younger), the laser-Doppler
output was not significantly different for any measurement taken in the

positions shown in Fig. 2.

Discussion

After measuring CBFusing laser-Doppler flowmetry, Miller et al®
reported that normal mucosa in humans does not contribute significantly to
the laser-Doppler output. Nakashima et all0 reported that removal of the
middle ear mucosa under the probe tip lowered the laser-Doppler output to
50% - 80%. In the present study, removal of the middle ear mucosa lowered
the laser-Doppler output to 33% of the average of its previous level. This

large reduction in output may suggest a disturbance of CBFin ears receiving



cochlear implants.

Since we.opened the bony wall using a drill, blood flow in the bony
wall or blood flow in the perilymphatic lateral membrane adjacent to the
drilled part may- be disturbed by the mechanical or thermal effect of the
drilling. However, we consider that the laser-Doppler output measured when
the tip of the probe was inserted into the perilymphatic space reflected CBF
without the mechanical or thermal effect of the drilling because the output
reflected blood flow in the area illuminated by the laser light through the
transparent perilymph, where it is distant to the drilled part. In measuring
blood flow where it is not transparent, blood flow in the portion within about
1 mm from the tip of the probe can be measured using this laser probe.

In this study, we did not observe bleeding when the bony wall was
opened {from Fig. 2b to Fig. 2¢). This is contrast to the fact that bleeding
always occurs when the bony wall is opened in normal guinea pigs. Actually,
in guinea pigs using the same probe, we confirmed that the laser-Doppler
output measured when the middle ear mucosa was intact was not different
significantly from that measured when the probe tip was inserted into the
perilymph. In a case with a narrow internal auditory canal, reduction of CBF
was anticipated because the inner ear artery runs through the internal
auditory canal. However, the laser-Doppler output in this case was not

significantly different from those in the other cases. These findings may also
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suggest disturbance of CBFin patients who receive cochlear implants.
Fibrous or bony‘ occlusion of the perilymphatic space, which
occasionally makes cochlear implantation difficult, may be associated with
impairment of CBF. Perlman et a119déscribed that experimental obstructibn
of the labyrinthine artery was rapidly followed by severe degenerative
changes and ossification in the cochlea. Human temporal bones following
surgical removal of acoustic tumor or sudden sensorineural hearing

impairment also revealed that cochlear ossification suggested vascular
etiology of hearing loss.20 Cochlear ossification is a common occurrence in

posimeningitic deaf patients. 2122 However, whether or not the
postmeningitic cochlear ossificatipn is associated with the disturbance of CBF
is not clear at present.

Because laser-Doppler flowmeiry provides' only relative values, it is
difficult to compare results across patients. However, laser-Doppler
flowmetry is superior for examining relative changes due to various stimuli.
It has been shown that direct electrical stimulation of the cochlea elevates
CBF.1.%:23 A5 electrical stimulation to the cochlea has been recently applied to
observe neural responsiveness during a cochlear implant procedure, as
neural response telemetry (NRT), we believe that observation of the laser-

Doppler response to such electrical stimulation may provide further

information about CBF.
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In conclusion, laser-Doppler flowmetry is both safe and useful for
measuring blood flow in the ears during cochlear implantation procedures.
The measuremeni may be useful to investigate etiology of sensorineural
hearing loss, the relationship between ossification and disturbance of blood

flow and so on.
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Figure Legends

Fig.l. CTof a case with bilateral narrow internal auditory canals.

Fig. 2. Blood flow measurements in the ears of patients receiving cochlear

implants.

a; The tip of the probe is on the mucous membrane of the promontory.

b; The mucous membrane of the promontory was removed.

c; Half of the bony wall was drilled.

d; The bony wall was drilled until the the mucous membrane surrounding
the perilymph.

e; The bony wall was opened, with the tip of the probe inserted into the

perilymphatic space.

Fig. 3. An example of recording (case |1 in Table). Laser-Doppler ocutput

measured af the positions in Fig. 2a-¢. Fach recording was shown from

placement to removai of the probe.



LASER-DOPPLER OUTPUT FROM THE EARS RECEIVING COCHLEAR IMPLANTS

Age Hearing output output output output output

Gender loss at a atbh arc atd ate
1 16F hereditary 5.3 2.9 4.0 1.9 2.7
2 3F Waardenburg synd. . 44.8 4.0 2.3 0.0 5.0
3 45F IPSNHL 4.2 1.4 24 0.0 1.1
4 2F congenital 27.8 1.3 NM 2.2 4.6
5 3M narrow [AC 3.8 2.5 04 1.8 1.4
6 M congenital 2.2 NM 1.0 0.2 0.7
7 55M IPSNHL 1.0 0.6 ‘ NM NM 0.4
8 3M congenital 5.9 3.0 1.1 NM 2.7
9 M congenital 22.8 2.1 2.2 NM 2.5
10 26F IPSNHL 6.8 NM 1.5 NM 4.0
11 2M congenital 4.5 1.2 1.3 0.6 0.8
12 53M sudden deafness 15.6 1.9 NM 7.0 23

Outputs at a, b, ¢, d and e represent those measured at positions shown in Fig. 2a-e, respectively.
Gender F; female, M; male. Hearing loss, IPSNHL; idiopathic progressive sensorineural hearing loss,
narrow IAC; narrow internal auditory canal. NM; not measured.
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