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Auditory aura in frontal
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sounds from afar

Stephen A Thompson 1, Andreas Alexopoulos 2,
William Bingaman 2, Jorge Gonzalez-Martinez 2,
Juan Bulacio 2, Dileep Nair 2, Norman K So 2

1 Department of Neurology, University of Texas Health Science Center, Houston, Texas
2 Epilepsy Center, Neurological Institute, Cleveland Clinic, Cleveland, Ohio, USA

Received May 30, 2014; Accepted February 08, 2015

ABSTRACT – Auditory auras are typically considered to localize to the
temporal neocortex. Herein, we present two cases of frontal opercu-
lum/perisylvian epilepsy with auditory auras. Following a non-invasive
evaluation, including ictal SPECT and magnetoencephalography, impli-
cating the frontal operculum, these cases were evaluated with invasive
monitoring, using stereoelectroencephalography and subdural (plus
depth) electrodes, respectively. Spontaneous and electrically-induced
seizures showed an ictal onset involving the frontal operculum in both
cases. A typical auditory aura was triggered by stimulation of the frontal
operculum in one. Resection of the frontal operculum and subjacent
insula rendered one case seizure- (and aura-) free. From a hodological
(network) perspective, we discuss these findings with consideration of the

rconnecting the frontal and temporal
ta, specifically that of ictal SPECT.

perculum, perisylvian epilepsy, ictal

in temporal lobe epilepsy, though
these auras are usually complex
or experiential (Gloor, 1990). Ele-
mentary auras suggest activation
of primary cortex (Palmini and
Gloor, 1992).
Auditory auras localize to the tem-
poral neocortex (Florindo et al.,
perisylvian and insular network(s) inte
lobes, and revisit the non-invasive da

Key words: auditory aura, frontal o
SPECT, magnetoencephalography

Epileptic aura, the subjective man-
ifestation of a clinical seizure,
has localizing significance in focal
epilepsies (Palmini and Gloor, 1992).
Though it is acknowledged that
seizures may arise in functionally
“silent” cortex, the symptomato-
genic zone producing the aura is
d
o
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generally assumed to be in closest
proximity to the ictal onset zone.
However, there is no fundamental
reason why the symptomatogenic
cortex should be near the ictal
onset zone. Examples of “propa-
gated auras” are well recognized

2006), specifically to primary audi-
tory cortex or to surrounding audi-
tory association cortex. These cor-
tices are also implicated in musico-
genic seizures (Wieser et al., 1997;
Tezer et al., 2014; Diekmann and
Hoppner, 2014).
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erein, we present two patients who had auditory illu-
ions as aura, with ictal onset originating from the
rontal operculum and subjacent insula. We interpret
he data as evidence of a “propagated aura” within an
pileptogenic network.

ase 1

e present a 26-year-old, right-handed man with phar-
acoresistant epilepsy with adolescent onset. Typical

eizures began with a non-lateralized auditory aura,
escribed as a distortion of sounds (“things sound
eird”), accompanied by a feeling of anxiety. These

ould be triggered by music, and specifically by a sud-
en change in musical rhythm, a situation often expe-
ienced while practising with his amateur rock band.
uras also occurred spontaneously. The subsequent
eizures were of a complex motor semiology, with
arly proximal stereotypies (kicking movements) and
anual automatisms, in addition to prominent axial

tiffening, facial flushing, and apnoea. Partial respon-
iveness and recollection were maintained. Postictal
xamination showed transient oromotor dysfunction
inability to speak). In rare generalized seizures, a
hase of tonic contraction of the left face and leftward
ye deviation occurred, with an initial extension of the

eft arm (sign of four) upon generalization. Seizures
ccurred daily and were frequent during sleep.

nterictal scalp EEG showed rare sharp waves over the
ertex and the right fronto-central region. Ictal scalp
EG showed diffuse changes, maximal over the same
egion, but marred by muscle artefact. Magnetoen-
ephalography (MEG) failed to demonstrate interictal
ischarges, however, a clinical seizure was produced
pon exposure to musical stimuli (short extracts of
ock music). Movement artefact prevented localization
f the seizure by MEG.
igh-resolution epilepsy-protocol MRI was unremark-

ble. FDG-PET showed a subtle hypometabolism in the
ight frontal operculum (figure 1C).
ctal SPECT (SISCOM) of a typical seizure demon-
trated hyperaemia bilaterally, maximal in the left
rontal operculum/insula and anterior cingulum
figure 1D).

ith this data, an hypothesis of right perisylvian
pilepsy was proposed. Given the motor semiology,

nvestigation of the mesial frontoparietal and cingulate
ortices was also necessary. An intracranial evalua-
pileptic Disord, Vol. 17, No. 2, June 2015

ion with stereotactically-implanted depth electrodes
stereoelectroencephalography; SEEG) was designed
o sample the right frontoparietal operculum, insula,

esial frontal and parietal regions, cingulum, and
he superior temporal gyrus, including Heschl’s gyrus
figure 1A; right-sided electrodes). Two sentinel elec-
rodes were also placed, targeting the anterior and
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Auditory aura from frontal operculum

osterior cingulate gyrus in the left hemisphere
not shown).

n SEEG, frequent spiking was observed in the right
rontal operculum/insula (electrode Q) and planum
emporale (electrode U). Five typical seizures were
ecorded which showed onset in the right frontal
perculum/insula (Q1,2). Ictal spread was next to

he right planum temporale (U6,7) and mid-superior
nsula (R1,2), with variable latency (figure 1B). The
rst clinical sign only appeared when the seizure
ischarge had involved these three areas and motor
igns began when the motor regions, sampled by
lectrodes M and N, were involved. Typical auditory
ura was reported in one seizure during wakefulness
ut only after the seizure was over, and the patient

hought it was triggered by music during a film he was
atching. Upon cortical stimulation, his auditory aura
as reproduced by low-amplitude (1-2 mA; 0.3 msec
ulse width; 25 Hz biphasic) bipolar stimulation of
ontacts within (U3-4) and anterior to (T3-4) Heschl’s
yrus. Stimulation of the contacts in the lateral surface
f the right frontal operculum (R5-6) produced a
egative motor response of the tongue, reminiscent
f his postictal deficit. A typical seizure (without
uditory aura) was reproduced with low-amplitude
1 mA; 0.3 msec pulse width; 25 Hz biphasic) electrical
timulation of Q1-2, the contacts of ictal onset for
pontaneous seizures. Finally, cortico-cortical evoked
otentials (CCEPs; using the protocol of Matsumoto et
l. [2004]) demonstrated a robust unidirectional con-
ection between the right frontal operculum/insula

Q1-2) and right planum temporale (U6-7).
ased upon these findings, the patient underwent
esection of the right frontal operculum and subjacent
nsula. Despite unremarkable histopathology, he has
emained seizure-free and without aura at last contact,
8 months after surgery.

ase 2

e next present a 46-year-old, left-handed man
ith pharmacoresistant epilepsy of childhood onset.
tarting at the age of 5 years, he was reported to have
eizures, predominantly nocturnal, characterized by
ontraction of the face on one side. From adolescence
nwards, seizures began with a non-lateralized stereo-

yped auditory aura, as if his hearing was “muffled”,
ssociated with an indescribable feeling of an impend-
151

ng seizure. He would then make sniffing sounds and
ecome unresponsive, with later tonic contraction of

he right face and salivation. Varied hyperkinetic motor
ovements and vocalization would follow. Postictally,

e was aphasic for 1-2 minutes.
s with the first case, scalp EEG showed sharp waves in

he fronto-central region, in this case on the left. Ictal
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Figure 1. (A) Right-sided SEEG schema with 12 depth electrodes exploring the anterior and posterior perisylvian region (electrodes
Q-T) and mesial frontal region/supplementary motor area (SMA; electrodes M and N). (B) Two representative seizures showing onset
at contacts Q1,2 (frontal operculum/insula; red arrow) and U6,7 (planum temporal; green arrow) on a 15-second page (band pass:
5.3-300 Hz). The onset at these contacts was simultaneous in the second example, though in the first example the ictal discharge at
U5,6 was delayed relative to that at Q1,2. These seizures occurred during sleep without report of aura. Clinical onset is denoted by the
blue line. In other seizures, including the one with reported auditory aura, a build-up of spiking occurred in contacts Q1,2 for tens
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f seconds prior to ictal onset. Prominent early involvement wa
ddition to neighbouring perisylvian contacts. (C) Interictal FDG-
D) Ictal SPECT (Z=2) of a typical seizure recorded prior to SEEG
nset. There was a dominant focus in the left frontal operculum/i

n the right insular region (crosshairs). Semiology of this seizur
ctivation. (E) Post-resection MRI showing defect in the right fro

EG was poorly localizing, with subtle rhythms seen in
he same region. On MEG, several unique polyspikes
ere detected, which localized, by single equivalent

urrent dipole modelling, to a cluster centred on the
eft inferior frontal sulcus (figure 2E).
52

n MRI, subtle T2-weighted signal intensity was appar-
nt involving the left inferior frontal sulcus, with
eatures suggestive of a transmantle cortical dyspla-
ia (figure 2C). There was a corresponding region
f hypometabolism on FDG-PET (figure 2D). Ictal
PECT demonstrated a dominant focus of hyperaemia
xtending from the left frontal opercular region to

f
u
(
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noted in the mesial contacts of M and N (SMA; not shown), in
howing hypometabolism in the right frontal operculum (arrow).
luation. Injection was performed at nine seconds from clinical
and anterior cingulum. A lesser degree of hyperaemia was seen
olved left face tonic contraction, suggestive of right opercular
perculum and subjacent insula.

he superior temporal gyrus (figure 2F). Intracarotid
ethohexital (Wada) testing confirmed left hemi-

phere language dominance.
iven the proximity of the visible lesion to putative

anguage cortex (Broca’s area), necessitating the need
Epileptic Disord, Vol. 17, No. 2, June 2015

or language mapping, this patient was investigated
sing a combination of subdural and depth electrodes

figure 2A). This was aimed at sampling the left peri-
ylvian region, with depth electrodes targeting the
esional frontal cortex (electrode L’) and the supe-
ior temporal gyrus (T’ and U’), the latter placed in an
ttempt to explain the auditory aura.



Journal Identification = EPD Article Identification = 0742 Date: June 5, 2015 Time: 2:50 pm

E

Auditory aura from frontal operculum

Ictal onset

IFS
1

2

34
5

6

8
7

910
11

12
1314

15
16

17
18

19
20

2122
23

24

27

28
2930

31
32

26

25

33

41

49
50

51
52

53

61
60

59
58

57

42

43
44

45

1

1

1

34
35

36
37

38

Q’
L’

M’

R’

L’9

U’
T’

46

5462

Language cortex

A

B

C

E

F

D

H

F

H

A

P

1s 600µV

R L

R L

A P

Figure 2. (A) Left-sided perisylvian subdural and depth electrode implantation with electrodes targeting the suspected lesion in the
inferior frontal sulcus (L’). The inferior frontal sulcus (IFS) is indicated. (B) Ictal onset with tonic fast activity, most prominent in L’9
(see inset in [A]) and overlying subdural contacts (SA19, 27, 28; denoted as yellow circles in [A]) on a 20-second page (band pass:
5 r (no
a . (C)
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.3-120 Hz). Clinical onset occurred approximately 20 seconds late
s determined by cortical stimulation (boxed; contacts 28 and 36)
ortical dysplasia. (D) Interictal FDG-PET showing hypometaboli
f MEG-unique epileptiform activity. Dipoles were clustered in t

ypical seizure recorded prior to SEEG evaluation. Injection was p
s seen extending from the left frontal to the left temporal operc

nvasive recordings demonstrated frequent spiking in
he left inferior frontal gyrus/sulcus. During the period
f invasive recording, five typical seizures occurred
uring sleep (without reported aura), with ictal EEG
nset and prominent evolution in this same region

figure 2B). Electrical stimulation demonstrated an
verlap of language cortex with the ictal onset zone
pileptic Disord, Vol. 17, No. 2, June 2015

n the inferior frontal gyrus (pars opercularis; contacts
8 and 36). In addition to producing speech arrest,

typical auditory aura was triggered with stimula-
ion (5 mA; 0.3 msec pulse width; 25 Hz biphasic)
f the left inferior frontal gyrus/sulcus (L’8-9), with-
ut the elicitation of afterdischarges. Contacts in the
uperior temporal gyrus were not stimulated. Given

A
i
w
t
c
t
a

t shown). The ictal onset zone overlapped with language cortex,
Axial FLAIR showing subtle T2 hyperintensity suggestive of focal
f the left frontal operculum. (E) Single equivalent dipole model
gion of the right inferior frontal sulcus. (F) Ictal SPECT (Z=2) in a
med at 14 seconds from onset. A dominant focus of hyperaemia
.

he demonstrated overlap between the ictal onset
one and language cortex, a surgical resection was
ot performed.

iscussion
153

uditory auras are generally assumed to be highly
ndicative of lateral neocortical temporal lobe epilepsy,

ith rare exceptions reported (Clarke et al., 2008). Our
wo patients described auditory aura as their earliest
linical symptom despite their epilepsy localizing to
he frontal operculum (right and left, respectively),
nd subjacent insula in the first case. In addition, a
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propagation and response to electrical cortical stimula-
tion: a cortico-cortical evoked potential study. Epilepsy Res
.A. Thompson, et al.

usicogenic reflex component was present in Case
. These data must be interpreted from a hodological
network) perspective.
he ventrolateral prefrontal (opercular) cortex, receiv-

ng projections from the auditory parabelt region
superior temporal gyrus) and temporal visual associ-
tion cortex, functions to integrate audio-visual infor-
ation, specifically with respect to verbal communica-

ion (Romanski, 2007). This region is also implicated in
he inhibition of resultant motor responses to auditory
timuli (Brunetti et al., 2008). In this regard, it should be
oted that the auditory auras described by our patients
ere not elementary sound hallucinations. Rather, the

uras here belong to the category of auditory percep-
ual distortion or illusion, and may therefore reflect
isturbance of higher order auditory processing. Thus,
e speculate that the auras in these cases result from
disturbance of this extended auditory processing

etwork, both producing a perceptual alteration, and
nterrupting the operculum from its normal inhibitory
nfluence on motor responses to auditory stimuli. This

ay explain the semiology in Case 1, where audi-
ory stimuli resulted in reflex seizures with prominent

otor and autonomic semiology.
nterposed between the frontal operculum and
emporal lobe is the insula. This structure receives
fferent projections from a diverse number of brain
egions, in particular from auditory cortex. Of direct
elevance to our cases, Isnard et al. (2008) reported
n the elicitation of auditory symptoms by insular
timulation. In order to distinguish seizures in this
egion from those of temporal lobe epilepsy proper,
he concept of “perisylvian epilepsy” has been intro-
uced. Both of our patients manifested with initial
uditory auras followed by prominent autonomic and
emifacial motor semiology, and are arguably best
nderstood as examples of this syndrome.
ne unexpected feature common to these two cases

s their ictal SPECT. Both studies showed bilateral
percular/insular hyperaemia, with dominant hyper-
erfusion ipsilateral to the epileptogenic focus in
ase 2, but contralateral in Case 1. This apparent

alse lateralization in Case 1 was understood to be
consequence of rapid propagation to contralateral

omologous regions, a finding we have observed in
ther patients with operculo-insular epilepsy. Beyond
imply indicating the ictal onset zone, recent publi-
ations have suggested that ictal hyperaemia instead
racks the anatomical structures or networks involved
n seizure propagation (Wong et al., 2010). In both
54

ases, hyperaemia was bilateral, as would be expected
n an epileptogenic network that involves bilateral
erisylvian cortex (Brunetti et al., 2008).
nother method for establishing functional con-
ectivity is the methodology of cortico-cortical
voked responses (CCEPs) introduced by Matsumoto

2

F
t
6

G
f

t al. (2004). CCEPs in Case 1 showed a prominent
esponse in the right planum temporale following
timulation of the right frontal operculum/insula.
he opposite response did not occur. Whether this
pparently unidirectional connection is normal or
athological cannot be determined. It has been
uggested that regions of ictal propagation exhibit
nhanced CCEP responses (Enatsu et al., 2012), how-
ver, it must be emphasized that the physiological
CEP connectivity in the non-dominant perisylvian

egion has not been established.
aken together, these cases demonstrate the occur-
ence of auditory aura in seizures originating outside
he temporal lobe, and in particular, arising from the
rontal operculum. The exact mechanism for this is
nclear, but we suggest that this observation should be
nderstood on the basis of the underlying network(s)
ithin perisylvian and insular cortex interconnecting

he frontal and temporal lobes, and specifically, the
xtended auditory processing network. These cases
lso highlight the importance of sampling these cor-
ices in patients with auditory aura. �

upplementary Data.
ummary didactic slides are available on the
ww.epilepticdisorders.com website.
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