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Objective: Conversion deafness is characterized by sudden
hearing loss without any identifiable cause. In the current study,
we investigated presumed conversion deafness in a cochlear im-
plant user using H,'’O—positron emission tomography (PET)
scan with speech and noise stimuli in conjunction with audiologic
tests such as impedance test and auditory response telemetry.
Also, by performing a follow-up PET scan after recovery and
comparing prerecovery and postrecovery scans, we attempted to
find possible neural substrates of conversion deafness.

Patient: A 51-year-old man with conversion deafness after
4 years of successful cochlear implant use.

Intervention: Supportive psychotherapy.

Main Outcome Measures: Prerecovery and postrecovery
HZISO-PET scans

Results: The prerecovery H,'°O-PET scan revealed auditory
cortex activation by sound stimuli, which verified normal
stimulation of the central auditory pathway. Notably, compared

with the prerecovery state, the postrecovery state showed rela-
tive activation in the right auditory cortex both under the speech
and noise stimulus conditions. Moreover, the bilateral prefrontal
and parietal areas were activated more in the postrecovery state
than in the prerecovery state. In other words, relative deactiva-
tion of the prefronto-parieto-temporal network, a network
responsible for conscious sensory perception, or relative dys-
function of top-down and bottom-up attention shifting mediated
by the ventral and the dorsal parietal cortices, may have resulted
in conversion deafness in the patient.

Conclusion: Relative deactivation of the prefronto-parieto-
temporal network or dysfunction in the ventral and the dorsal
parietal cortices may be related to the development of conver-
sion deafness.
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A conversion disorder manifests as motor or sensory
neurologic symptoms but cannot be fully explained neu-
rophysiologically (1). Of them, conversion deafness is
characterized by sudden hearing loss without any identi-
fiable cause (2). There have been few reports on conver-
sion deafness in patients with a cochlear implant (CI) (3).
When a CI recipient presents with symptoms of device
failure but shows normal device integrity, it is classified as
performance decrement and adverse reactions, and an
explantation-reimplantation is recommended by the inter-
national consensus group (4). Indeed, a misdiagnosis with
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FIG. 1. Main activation effects for the two active stimulus
conditions during the symptomatic period (uncorrected p < 0.05,
k=100 voxels, T = 3.30).

device failure in a CI patient with conversion deafness has
led to revisions without any clinical benefit (3).

Henceforth, we are reporting on our experience in a CI
patient with conversion deafness. The patient underwent
H,'3O-positron emission tomography (PET) scans dur-
ing the symptomatic period of conversion deafness and
after recovery, and thus we were able to investigate the
neural substrates of conversion deafness.
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FIG. 2. Main activation effects for the two active stimulus condi-
tions after recovery (uncorrected p < 0.05, k= 100 voxels, T= 3.30).

MATERIALS AND METHODS

Participant

A 51-year-old right-handed man with postlingual deafness
underwent left CI (Med-El PULSAR CI100 with FLEXsoft
electrode) in 2007. The free-field Fletcher Index (average thresh-
old for 0.5, 1, and 2 kHz) (5,6) in April 2010 indicated a warble
tone threshold of 45 dB HL.

In November 2011, the patient reported that he could not hear
any sound via the implant. On audiologic evaluation, he did not
respond to warble tones or speech tests. However, in-house
impedance and speech processor tests as well as device inves-
tigation tests by the manufacturer failed to reveal device mal-
function. Moreover, reliable spiral ganglion evoked potentials
were measured by auditory response telemetry. Further detailed
history taking and medical record review revealed a recent
succession of stressful life events.

Given the recent history of stressful life events and normal
device integrity, the patient was planned to undergo a H,'*O-PET
scan with auditory stimuli, under the impression of conversion
deafness. To observe cerebral cortical responses to different au-
ditory stimuli, we planned to adopt speech and white noise stimuli.
After the first PET scan, the patient was diagnosed with conver-
sion deafness according to the Diagnostic and Statistical Manual
of Mental Disorders, Fourth Edition criteria (7). The patient un-
derwent several sessions of counseling and a sham transcranial
direct current stimulation (8) and eventually recovered 3 months
after onset of the symptom. Postrecovery audiologic examination
revealed the same prerecovery hearing thresholds.

PET Study

We adopted three different stimulus conditions: speech stimu-
lus with a Dutch read story, noise stimulus with white nose, and a
null condition. We instructed the patient on the three different
stimulus conditions that were mixed in a random order. In the
auditory stimuli conditions, speech or white noise stimuli are pre-
sented directly to the external audio processor via an audio cable.
For each condition, three scans were obtained.

The PET/computed tomography scans were acquired using
a Siemens Biograph 64 TOF MI PET/computed tomography

Speech stimuli
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FIG. 3. Inthe upper panel, brain regions where activity is higher
after recovery than before recovery under the speech stimulus
condition are displayed (uncorrected p < 0.005, k= 100 voxels,
T = 4.30). In the lower panel, brain regions where activity
is higher after recovery than before recovery under the speech
stimulus condition are displayed (uncorrected p < 0.005, kK = 100
voxels, T = 4.30).
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TABLE 1. Areas of neural activation under speech and noise stimuli before and after recovery (uncorrected p < 0.05, k = 100 voxels,
T=3.30)
Region Hemisphere BA Peak MNI coordinates (x, y, z) Cluster size (k) T value
Before recovery
Areas of neural activation
under speech stimuli
Superior temporal gyrus R 41 56 —18 4 162 7.5
Superior temporal gyrus R 41 46 —36 12 112 6.1
Precuneus R 7 2 —54 44 116 59
Middle frontal gyrus R 9 32 22 32 149 53
Superior frontal gyrus R 8 24 32 46 167 4.9
Inferior parietal lobule R 40 44 —58 36 219 4.6
Superior temporal gyrus L 22 —60 =42 18 103 7.1
Middle frontal gyrus L 11 —28 46 —12 187 6.4
Superior frontal gyrus L 10 —18 52 18 173 6.1
Anterior cingulate cortex 32 0 38 -6 101 6.7
Areas of neural activation
under noise stimuli
Precentral gyrus R 4 36 —14 58 162 6.6
Cerebellar tonsil R 30 —44 —38 103 5.9
Angular gyrus R 39 58 —56 24 187 4.1
Cerebellar semilunar lobule L —44 —74 —40 101 5.4
After recovery
Areas of neural activation
under speech stimuli
Superior temporal gyrus R 22 64 —16 2 2386 12.1
R 41 48 —28 4 i.above 72
R 42 70 —30 18 i.above 4.0
Superior temporal gyrus L 22 —68 8 -2 272 4.7
Middle temporal gyrus L 21 —66 0 —14 i.above 34
Superior temporal gyrus L 22 —68 —38 14 664 4.4
L 22 —60 —12 0 i.above 43
Areas of neural activation
under noise stimuli
Inferior parietal lobule R 40 54 —30 38 587 5.5
Cerebellar declive R 42 =78 —16 237 4.7
Middle occipital gyrus R 19 50 =70 -8 i.above 2.5
Insula R 13 44 —42 20 115 4.1
Inferior parietal lobule L 40 —40 =50 44 108 4.4
Supramarginal gyrus L 40 —36 —48 32 i.above 2.8

BA indicates Brodmann area; MNI, Montreal Neurological Institute; rCBF, regional cerebral blood flow; i. above, included above.

(Siemens Knoxville USA). As previously described, a total of
nine scans (three conditions X three samples) were acquired.
Each session consisted of 10 minutes in total. The data were
reconstructed with the Ordered Subsets Expectation Maximi-
zation algorithm followed by a 4-mm Gaussian filter to a 200 x
200 x 74 matrix with zoom set equal to 2 resulting in 2.04 X
2.04 x 3—mm voxels.

Analysis of the Acquired Data

Image preprocessing was performed using PMOD (version 3.3;
PMOD Technologies, Switzerland), and statistical analysis was
carried out using the Statistical Parametric Mapping 8 program
(Institute of Neurology, University College of London, England,
U.K.) implemented in Matlab version 2011a (MathWorks Inc.,
Natick, MA, USA). Cluster centers were anatomically located using
the MRIcron software (http://www.sph.sc.edu/comd/rorden/mricron/).

Intrascan analyses of activated cortical areas were carried out
in a voxelwise manner with a flexible factorial design with scan
timing (prerecovery and postrecovery) and condition as factors by
contrasting the brain activities for the two active stimuli conditions
with the brain activity for the null condition using a statistical
threshold of p = 0.05, uncorrected (k = 100, 7 = 3.30). Interscan
analyses were then performed by subtracting the areas of in-
creased H,'°O uptake in the prerecovery scan from that of the
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postrecovery scan for two active stimulus conditions or vice versa
with a threshold of uncorrected p = 0.0005 (k= 100, T = 4.30).

RESULTS

Significant Activation in Sound Stimuli Conditions
During the Symptomatic Period

The patient showed activation under the speech stim-
ulus condition relative to the resting state in the bilateral
primary/secondary auditory cortices (A1/A2, BAs 41/22),
bilateral middle and superior frontal gyri (BAs 8/9/10/11),
right inferior parietal lobule (IPL, BA 40), right precuneus
(BA 7), and anterior cingulate cortex (BA 32) (Fig. 1, upper
panels; Table 1). Under the noise stimulus condition, sig-
nificant activation was revealed in the right angular gyrus
(BA 39), right precentral gyrus (BA 4), and bilateral cer-
ebellum (Fig. 1, lower panels; Table 1).

Significant Activation in Sound Stimuli
Conditions After Recovery
After recovery, the patient displayed significant acti-
vation under the speech stimulus condition relative to the
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TABLE 2. Areas of relative activation after recovery compared with before recovery under speech and noise stimuli (uncorrected p
< 0.005, k = 100 voxels, T = 4.30)

Region Hemisphere BA Peak MNI coordinates (x, y, z) Cluster size (k) T value

Areas of relative activation
under speech stimuli
Superior temporal gyrus R 41/42/22 54 —14 6 859 8.6
Inferior temporal gyrus R 20 40 0 —50 512 6.7
Middle frontal gyrus R 6 36 14 48 207 7.5
Inferior frontal gyrus R 9 48 4 28 i.above 5.8
Inferior frontal gyrus R 9 40 8 30 i.above 4.8
Cerebellar tuber R 50 —66 —30 1297 11.6
Superior parietal lobule L 7 —38 —60 74 432 13.6
Postcentral gyrus L 5 —34 —54 68 i.above 10.6

L 1 —34 —34 64 i.above 5.7

Postcentral gyrus L 3 —42 —20 42 923 8.9
Inferior frontal gyrus L 9 —48 4 28 i.above 7.7
Inferior parietal lobule L 40 —40 —34 40 i.above 7.4

Areas of relative activation
under noise stimuli
Middle temporal gyrus R 21 60 -6 -10 125 7.2
Inferior temporal gyrus R 20 18 —26 58 183 7.9
Fusiform gyrus R 20 54 =22 —26 247 6.4
Precentral gyrus R 4 18 —26 58 6.6

R 6 26 —18 62 i.above 6.1

Middle frontal gyrus R 6 26 -6 60 i.above 52
Inferior parietal lobule R 40 52 —42 42 235 6.2
Cerebellar declive R 12 =70 —16 257 6.2
Precentral gyrus L 6 —24 —16 60 239 9.8
Medial frontal gyrus L 6 =2 -8 50 183 8.2
Cuneus L 19 —12 —92 24 275 7.0
Middle occipital gyrus L 18 —26 —96 10 i.above 5.9
Inferior parietal lobule L 40 —36 —32 44 497 7.0
Postcentral gyrus L 3 —44 =22 42 i.above 6.7
Medial frontal gyrus L 8 =12 28 44 129 6.8
Precuneus L 7 —12 —44 56 106 6.4
Postcentral gyrus L 4 —12 —32 60 i.above 5.1
Inferior parietal lobule L 40 —40 —54 40 140 5.4
Superior parietal lobule L 7 —38 —64 50 i.above 5.4
Supramarginal gyrus L 40 —54 —52 30 i.above 5.1
Cerebellar uvula L —34 =72 —24 491 10.4
Cerebellar inferior semiluar lobule L —28 —64 —44 680 8.8

BA indicates Brodmann area; MNI, Montreal Neurological Institute; rCBF,

resting state in the bilateral A1/A2 (Fig. 2, upper panels;
Table 1). Under the noise stimulus condition, significant
activation was observed in the bilateral IPL (BA 40), right
middle occipital gyrus (BA 19), right insula (BA 13),
right cerebellar declive, and left supramarginal gyrus
(BA 40) (Fig. 2, lower panels; Table 1).

Comparison Between Prerecovery and Postrecovery

Under the speech stimulus condition, greater activation
in the postrecovery state relative to the prerecovery state
was observed in the right A1/A2 (BAs 41/42/22), right
inferior temporal gyrus (BA 20), right middle frontal
gyrus (BA 6), right inferior frontal gyrus (BA 9), left
inferior frontal gyrus (BA 9), left superior parietal lobule
(BA 7), and left IPL (BA 40) (Fig. 3, upper panels; Table 2).
Also, compared with the prerecovery state, the postrecovery
state revealed relative activation in the ventral and dorsal
parietal cortices (VPC/DPC).

DISCUSSION

The patient’s history and clinical course exactly
corresponded to conversion deafness. Also, electrophys-

regional cerebral blood flow; i. above, included above.

iologic tests revealed no device-related abnormal find-
ings. Thus, we performed H,'>O-PET scan to confirm the
intact ascending auditory pathway. By observing the ac-
tivation of the A1/A2 by speech and nonspeech stimuli,
we confirmed that the integrity of the ascending auditory
pathway was intact. In other words, the patient was not
able to perceive sound stimuli albeit he was receiving
sound stimuli up to the cortical level.

The comparison between prerecovery and postrecovery
images revealed significant areas of relative activation that
may be responsible for the differences in the level of au-
ditory perception (Fig. 3). Compared with the prerecovery
state, the postrecovery state showed relative activation
in the right A1/A2. In addition, the postrecovery scans
revealed stark activation in the prefrontal/parietal areas
relative to the prerecovery scans. Previous literature con-
trasting between conscious and nonconscious processing
have indicated objective neural measures of conscious
access to sensory stimulus as a late amplification of rele-
vant sensory activity and ‘‘ignition’’ of a large-scale
prefronto-parietal network (9,10). In this regard, the rela-
tive activation of the prefrontal, parietal, and temporal area
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in the current case may explain the restoration of conscious
auditory perception.

The relative activations of the VPC/DPC suggest an-
other possible mechanism. When a relevant stimulus is
presented, the VPC is suggested to send a bottom-up
circuit breaker signal to the DPC (11), which shifts at-
tention to the previously unattended stimulus by a top-
down attentional modulation (12). From this point of
view, the current case may have adopted auditory stimuli
as relevant by activating the VPC, and the DPC shifted
attention to perceive auditory stimuli. In other words,
relative deactivation of the VPC and DPC during the
symptomatic period may designate failures of circuit
breaking and attentional shift.

Several brain regions have been suggested to be involved
in the pathogenesis of various conversion disorders. A re-
cent systematic review concluded that the sample sizes in
the neuroimaging studies of conversion disorder have been
too small that it remains unclear which findings represent
signal or noise (1). Our findings are also limited by the
same issue. Although this is the first molecular imaging
study on conversion deafness, it is an assumption and in-
terpretation of a single case of conversion deafness and
indirect regional cerebral blood flow measurement with
H,'>0-PET. Future studies in a large group of patients with
other imaging modalities such as quantitative electroen-
cephalography (13—15) or PET (16) are still mandatory.

As in the current study, H,'>O-PET may be of help in
verifying the integrity of the ascending auditory pathway
up to the cortical level in cases of CI users with conversion
deafness. Stimulation of the central auditory pathway can
be easily evaluated using electrically evoked auditory
brainstem response (EABR) or cortical auditory evoked
potentials (CAEPs). EABR or CAEPs are advantageous
over PET scans because EABR or CAEP can be easily
performed with less cost. Nonetheless, PET scans may be
of additional value because they visualize cortical activities
other than auditory cortex, and thus, we may be able to
understand the pathophysiology of conversion deafness.

CONCLUSION

Taken together, the current study suggests molecular
imaging methods as an adjunct diagnostic approach for a
CI patient with possible conversion deafness. Relative
deactivation of the prefronto-parieto-temporal network or

Otology & Neurotology, Vol. 35, No. 10, 2014

dysfunction in the VPC-DPC-based attention shifting
system may be responsible for conversion deafness.
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