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Introduction

rogrammable valve shunt systems are used widely
in ventriculoperitoneal shunt operations to treat

hydrocephalus due to their ability to control cerebrospinal
fluid pressure from outside the body as needed.1-5

However, because controlling cerebrospinal fluid pressure
is performed by using magnets outside the body, there is
a risk of possibly making pressure changes when patients
are exposed to products that contain magnets.6-10

Therefore, patients with implanted programmable valve
shunt systems should avoid exposure to products, such
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Background: Programmable valve shunt systems are used widely in ventriculoperitoneal shunt
operations to treat hydrocephalus due to their ability to control cerebrospinal fluid pressure from
outside the body as needed, and such patients have been restricted from exposure to certain magnetic
medical devices such as magnetic treatment devices, including computed tomography, magnetic
resonance imaging, and even headphones.
Objective: To investigate the influence of hearing testing, using headphones (air conduction receivers)
and bone conduction vibrators, on programmable valve shunt systems under in vitro laboratory
conditions, including the influence on those systems of the various sound pressures and frequencies
common to audiometry.
Materials and Methods: A programmable valve shunt system, two types of diagnostic audiometers,
an impedance audiometer, an evoked potential/electromyogram measuring system, two air conduction
receivers, telephonic dynamic headphones for music, two bone conduction vibrators, and a Teslameter
were used in this investigation.  We made a testing model using three acrylic sheets.  To avoid the
influence of the thickness of the acrylic board, the shunt system was established outside of the acrylic
board.  We confirmed the influence of distance between each receiver and shunt system, the influence
of time, sound pressure, and sound frequency.
Results: The value range of the direct current magnetic field for air conduction receivers was 25.31
mT to 27.23 mT, and the range for bone conduction vibrators was 7.38 mT to 20.58 mT.  No significant
differences were noted between the two types of products, but there were differences among the
devices of each type.
Conclusions: The magnetic field value of the inspection receiver was consistently low and was
uninfluenced by the monitoring times or the inspection frequencies, with no malfunctions in the
programmable valve shunt system.
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as magnetic treatment devices, including computed
tomography (CT), magnetic resonance imaging (MRI),
and even headphones.11  Hearing evaluations are done
under varied conditions using an inspection receiver,12-14

and there may be a risk during audiometry to patients
who have implanted programmable valve shunt systems.
We investigated the effects of audiometry procedures on
a programmable valve shunt system in an in vitro
laboratory setting, using headphones and bone conduction
vibrators.
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Materials and Methods

The CODMAN HAKIM programmable valve shunt
system (Codman Neuro, Raynham, MA, USA) allows
the physician to change cerebrospinal fluid pressure by
using a magnetic field outside the body to program the
servo motor of the device (Figures 1, 2).  For the output
of stimulation sounds for audiometry, we used the AA-
78 and AAH1 diagnostic audiometers (RION, Tokyo).
In addition, the stimulation sound output to test the
auditory acoustic reflex used an impedance audiometer
RS-22 (RION), and the stimulation sound output for the
auditory brainstem response (ABR) used an evoked
potential/electromyogram (EMG) measuring system
(Neuropack MEB-2200; Nihon Kohden, Tokyo).

Two types of air conduction receivers for audiometry
were used for the investigation: an AD-02B air conduction

receiver (RION) and a pair of TDH-49P telephonic
dynamic headphones (Telephonic; Farmingdale, NY,
USA); and two bone conduction vibrators were used: a
BR-41 (RION) and a B-72 (Telephonic).  Four samples
of each device were used for these tests.

Measurements of the direct current magnetic fields
from the audiometry apparatus were made using a Tesla
Meter TM-701 (Kanetec; Bensenville, IL, USA).  We
determined a center point for each of the receivers.  The
air conduction receiver center point was the midpoint of
the circumference of the circular rubber attachment.  The
bone conduction vibrator center point was the circular
projection of the main body against what would be the
patient's body surface (Figure 3).  The direct current
magnetic field was measured in the center of each
receiver, and we applied the Hall elements of the Tesla
Meter probe to the measuring surface. Measurements of
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Types: A. AD-02B, B. TDH-49P, C. B-72, D. BR-41

Figure 3.  The center of each of the receivers (arrows)

Figure 1.  Programmable value shunt system (arrow:
the servo motor)

Figure 2.  The programmable value shunt system
motor (arrow: the servo motor)
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the direct current magnetic field represent the center point
of each receiver.  The flow quantity position of the
programmable valve shunt system was confirmed using
a viewing eye lens (WHK × 15L; Olympus, Tokyo).
For comparisons, as a control, we used typical headphones
for music (MDR-CD900ST; Sony, Tokyo).

The setting for testing the programmable valve shunt
system
To prepare the programmable valve shunt system for
testing, we made a testing model using three acrylic sheets
(20 cm × 20 cm; × 1.0 cm) that was set up as two
vertical panels attached by one horizontal panel (Figure
4).  To avoid the influence of the thickness of the acrylic
board, and to make direct contact with the receiver, the
programmable valve shunt system was established outside
of the acrylic board.  And because the programmable

valve shunt system is naturally filled with cerebrospinal
fluid when in use, we filled the model with sterile saline
to more accurately reproduce the typical systems in
patients.

Distance between the receiver and the shunt system, and
the time influence
We confirmed the influence of distance between each
receiver and the shunt system by moving the model
horizontally to distances of from 0 cm to 4 cm (by 1-cm
increments) from the programmable valve shunt system
(Figure 5).  The shunt system was exposed for 10 minutes
in each position.  In addition, the ABR was exposed for
an additional 60 minutes for the actual inspection time.
Ten replicate sets of data were collected for each receiver,
and the means were calculated.

Figure 4.  The test model of the programmable valve shunt system
Figure 5.  The distances between each receiver and the shunt
system by moving the model

Figure 6.  The central location of each receiver set above the motor of the
shunt system
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Influence of sound pressure, type of inspection, and sound
frequency
The center point of each receiver set was aligned over
the motor of the shunt system (Figure 6).  The inspection
sound output included a pure tone, a masking sound (a
band noise and speech noise), a 67S discrimination score,
and a click sound (the 16.3 Hz click sound used for ABR
examinations).  Seven output frequencies were included
in the testing with the headphones (125 Hz, 250 Hz, 500
Hz, 1000 Hz, 2000 Hz, 4000 Hz, and 8000 Hz) and five
output frequencies were included in the testing with the
bone conduction vibrator (250 Hz, 500 Hz, 1000 Hz,
2000 Hz, and 4000 Hz) to a maximum sound pressure
level.  The shunt system was exposed to these output
frequencies and sound pressure levels for 20 seconds,
simulating a real sound presentation time.  Ten repeated
evaluations were performed at each frequency, and the
mean values were calculated.  The sounds used for
masking included a band noise and speech noise, with a
maximum sound pressure level.  Seven output frequencies
of the band noise were used (125 Hz, 250 Hz, 500 Hz,
1000 Hz, 2000 Hz, 4000 Hz, and 8000 Hz).  The shunt
system was exposed to these output frequencies and sound
pressure levels for 60 seconds, simulating a real sound

presentation time.  The 67S discrimination score output
sound pressure level was set to a maximum power level.
Four output frequencies were used (500 Hz, 1000 Hz,
2000 Hz, and 4000 Hz) according to the automatic
measurement of the apparatus, and each frequency was
tested from sound pressures of 70 dB to 100 dB for 2
seconds.  The click sound output for the ABR used a
stimulation rate set at 16.3 Hz at an additional 2,000
times and an output sound pressure set at the maximum
power level.  Ten repeated evaluations were performed,
and the mean values were calculated.

Headphones for music were used as a control
comparison, with the magnetic field in a standstill state.
We demonstrated the difference of the magnetic field
value between headphones for music and headphones
used to test hearing.

Results

The results of the measurements of the magnetic fields
that arose from each receiver are given in Table 1.  Mean
values for the air conduction receivers (AD-02B and
TDH-49P) were 26.73 mT to 27.23 mT and 25.31 mT to
25.62 mT, respectively, with no significant differences

Table 1.  Measurements of magnetic fields

Sample
Receiver

1. DC mT 2. DC mT 3. DC mT 4. DC mT

TDH-49P 25.62 (0.28) 25.31 (0.32) 25.42 (0.42) 25.41 (0.43)
AD-02B 27.23 (0.52) 27.11 (0.52) 26.73 (0.65) 26.92 (0.34)
B-72   7.38 (0.10)   7.40 (0.09)   7.39 (0.10)   7.41 (0.12)
BR-41 19.85 (0.87) 20.37 (0.52) 20.37 (0.74) 20.58 (0.56)

DC mT, direct current millitesla; mean (SD)

Table 2.  Influences of the distances from the receiver to the valve shunt system and exposed times

Distance/time
Receiver

0 cm 1 cm 2 cm 3 cm 4 cm

10 min 60 min 10 min 60 min 10 min 60 min 10 min 60 min 10 min 60 min

TDH-49P × NT × NT × NT × NT × NT
AD-02B × × × × ×

TDH-49P (ABR) × × × × × × × × × ×

B-72 × NT × NT × NT × NT × NT
BR-41 × × × × ×

×, no reaction; NT, not tested
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between the devices (P ≥ 0.01).  The mean values for the
bone conduction vibrators (BR-41 and B-72) were 19.85
mT to 20.58 mT and 7.38 mT to 7.41 mT, respectively,
with no significant differences noted between the devices
(P ≥ 0.01).

Table 2 shows the influence of distance between each
receiver and the shunt system (1−4 cm), as well as by
distance and time of exposure (10 or 60 minutes).  There
were no reactions by the shunt system to any of the
variations in distance between the receiver and the shunt
or to the exposure over time (by distance) for any of the
receivers evaluated.

Table 3 shows the results of the influence of a sound
pressure change and frequency change using pure tones,
while Table 4 presents the findings when using masking
noises.  When the maximum inspection sound pressure
was produced using an audiometry device, there was no
change in the flow quantity settings for any receiver tested,

nor was there any change in the frequencies.
The direct current magnetic field of music headphones

(the control device) was 33.5 mT, based on 10 repeated
evaluations. In this control device, there were significant
changes in the flow quantity settings.

Discussion

Because the flow rate of the programmable valve shunt
system is set by a magnetic field outside the body, there
is a risk of changes in flow when it is exposed to another
magnetic product.  Therefore, caution should be taken
about contact with medical devices like CT or MRI
scanners with high magnetic force densities.7,10  In hearing
testing using headphones and bone conduction vibrators,
there is a risk that the patient's cerebrospinal fluid pressure
could change due to the magnetic force from these testing
tools.  With no information on the direct magnetic field

Table 3.  Influences of sound pressures on the inspection sounds and frequencies (pure tones)

Frequency

Receiver 125 Hz 250 Hz 500 Hz 1,000 Hz 2,000 Hz 4,000 Hz 8,000 Hz

AIR max intensity

70 dB 90 dB 110 dB 110 dB 110 dB 110 dB 110 dB

TDH-49P × × × × × × ×

AD-02B × × × × × × ×

TDH-49P (Tympano/Reflex) NT NT ×* ×* ×* ×* NT

Bone max intensity

60 dB 70 dB 65 dB 60 dB 50 dB

B-72 NT × × × × × NT
BR-41 NT × × × × × NT

×, No reaction; NT, not tested; *max intensity (100 dB)

Table 4.  Influences of sound pressures on tested sounds and frequencies (masking noise, ABR, 67S)

Frequency/Max intensity
Receiver

125 Hz 250 Hz 500 Hz 1,000 Hz 2,000 Hz 4,000 Hz 8,000 Hz 16.5 Hz (stem rate) 67S

70 dB 90 dB 110 dB 110 dB 110 dB 110 dB 110 dB 105 dB 100 dB
TDH-49P × × × × × × × NT ×

AD-02B × × × × × × × NT ×

TDH-49P (ABR) × × × × × × × × NT

×, no reaction; NT, not tested; ABR, auditory brainstem response

Obata, et al.
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current produced by inspection receivers, patients with
indwelling programmable shunts were not able to have
hearing testing or ABR inspections performed; therefore,
it was previously necessary to use an insert earphone.
However, the insert earphone is not commonly used as a
standard method.  In cases when hearing testing was
done, the physician needed to confirm that the shunt
flow rate had not changed after testing.

According to the manufacturer's inspection reports of
the programmable valve shunt system regarding
malfunctions produced by a direct current magnetic field,
an increase in magnetic flux density (the amount of
magnetic flux in a unit area perpendicular to the direction
of magnetic flow) in increments of 2 mT from 16 mT
(using a magnetic field generator) showed no
malfunctions under 28 mT, but there was a malfunction
was noted at 30 mT.14  As a result of the measured direct
current magnetic field of the whole receiver, the center
point of each receiver had a maximum magnetic value of
the whole receiver.  We, therefore, determined this center
point for each of the receivers in order to check the
influence of the magnetic flux density.

The magnetic flux density values of the audiometry
receiver used for this study were not within the range of
malfunctions.  For the air conduction receivers, the
maximum error between the magnetic flux density
measurements was 1.9 mT, the maximum error between
the BR-41 bone conduction vibrator measurements was
0.7 mT, and the measurements of the B-72 bone
conduction vibrator were not remarkable.  Therefore, in
consideration of the errors between the products, there
was no possibility of malfunction.  However, the magnetic
flux density of the headphones and bone conduction
vibrators used for audiometry should be measured
beforehand by their producers, and these values should
be less than 28 mT.  And to avoid possible risks, it is
necessary to separate the receiver and the programmable
valve shunt system as far as is feasibly possible.

We found no malfunction in the programmable value
shunt system with various hearing examination sounds
and sound pressures, indicating that there was no change
of the magnetic flux density in these evaluations.  There
are specific kinds of inspection sounds used for the
examination and inspection sound pressure levels that
are increased in response to hearing loss.  We found that
there were no malfunctions related to the variations in
sound pressure levels or types of inspection sounds used
in the present study.

When we performed hearing evaluations, we used
various durations of inspection sound exposure.  In the
ABR, we have many opportunities to inspect patients'

hearing loss and those with programmable value shunt
system implants, with the typical evaluation lasting about
60 minutes.  Therefore, in the present study, the stimulus
time was approximately 60 minutes.  There was no change
in flow quantity setting based on the duration of the
stimulus.  The magnetic field values remained within a
safe range, implying that the 60-minute stimulus duration
had no influence on the programmable value shunt
system.  Using the air conduction receivers and the bone
conduction vibrators produced no malfunctions in this
study.  We hypothesized that there was a risk of
malfunction using typical headphones for listening to
music, and the headphones that we used in this
investigation did have a direct magnetic field value that
could cause a malfunction (33.5 mT).  From these results,
we could definitively confirm that air conduction receivers
and bone conduction vibrators did not influence the
programmable value shunt system.
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