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Epileptic auras provide the initial clues to identify the probable region of ictal onset. In temporal lobe
epilepsies, auras are most commonly experiential or viscerosensory, when they arise from mesial struc-
tures. Whereas sensations such as vertigo and auditory hallucinations are more likely to occur from the
lateral temporal lobe structures. Auditory auras have been described from the lateral temporal neocortex,
Heschl’s gyri, frontal operculum and posterior insula. We herein describe a patient with temporal lobe
epilepsy with an auditory aura who was localized to have the onset of seizures from the hippocampus
using stereotactic EEG (SEEG). Stimulation of the hippocampal contacts also reproduced the habitual
auditory aura. Anterior temporal lobectomy with amygdalohippocampectomy resulted in complete sei-
zure freedom for 3 years.
This is an initial description of auditory aura elicited from the hippocampus using SEEG.
� 2022 The Author(s). Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction

Epileptic auras provide important clinical clues to help localize
the ictal onset zone. They usually arise close to, but not always nec-
essarily from the ictal onset zone, as there can be functionally
silent areas nearby. Auras must hence be interpreted with caution.
With respect to the temporal lobe, auras are most commonly
viscero-sensory, when they arise from the mesial structures such
as the hippocampus and amygdala. They are described as epigas-
tric discomfort, experiential auras (déjà vu/jamais vu), fearfulness
and/or olfactory disturbances. Whereas, sensations such as vertigo
and auditory hallucinations are more likely to occur from the lat-
eral temporal lobe structures. Auditory auras have been described
from Heschl’s gyri, lateral temporal neocortex, posterior insula, and
frontal operculum, but not usually frommesial temporal structures
[1,2]. We herein describe a patient with drug resistant temporal
lobe epilepsy with an auditory aura, which was proven by
stereotactic-EEG (SEEG) to arise from the hippocampus.
Case report

An Indian male, nineteen years of age, presented with history of
seizures since the age of three years. He had an unremarkable birth
and developmental history. He had no history of febrile seizures or
any other early insult. A detailed family history taken, revealed no
history of epilepsy in 3 generations. His first seizure at the age of
three years, was a left focal to bilateral tonic clonic seizure. Subse-
quently, he was seizure-free for about a year and his habitual
events have occurred since the age of five years. They were charac-
terized by an auditory aura – ringing sensation in both ears similar
to the ringing of a telephone, followed by behavioral arrest and
staring. The aura lasted for a few seconds, about 3 to 4. All seizures
were preceded by the same aura. He had no automatisms or irrel-
evant speech during the seizure. These events tended to occur
about twice a month. There were no focal seizures with awareness.
Our clinical hypothesis alluded to a seizure onset from the lateral
temporal lobe structures (probably Heschl’s gyrus). Onset from
the posterior insula in such instances is not uncommon either.

http://crossmark.crossref.org/dialog/?doi=10.1016/j.ebr.2022.100548&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.1016/j.ebr.2022.100548
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:drsujit1@gmail.com
https://doi.org/10.1016/j.ebr.2022.100548
http://www.sciencedirect.com/science/journal/25899864
http://www.elsevier.com/locate/ebcr


Fig. 1. a. Interictal right temporal polymorphic delta slowing. b. MRI brain revealed no abnormalities. c. Interictal PET depicting right mesial temporal hypometabolism. d.
Implanted SEEG electrodes: HH: Hippocampal head, HB: Hippocampal body, STG: Superior temporal gyrus, OF: Orbitofrontal lobe, AI: Anterior insula, PI: Posterior insula,
TPO: Temperoparietooccipital Junction, PC: Precuneus.
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There were no features in the semiology of the habitual seizure
which could aid in the lateralization of the ictus. However, the first
seizure lateralized to the right hemisphere. Interictal EEG showed
right temporal polymorphic delta slowing (Fig. 1a.). He underwent
imaging with a 3.0T MRI scanner under an epilepsy protocol, which
was normal (Fig. 1b.). He was admitted to the epilepsy monitoring
unit for long-term EEG monitoring (LTM) and no habitual event
was recorded over five days. LTM recorded at another center cap-
tured one seizure from the right temporal region, however this
record could not be reviewed. Interictal FDG-PET showed hypome-
tabolism in the right mesial temporal structures and temporal
pole. No abnormal areas of hypometabolism were detected in the
insula or lateral temporal region (Fig. 1c.). Overall, the patient
had an MR negative, PET positive right temporal/temporal plus epi-
lepsy. As auditory auras have been described from the insula, a
possibility of tempo- insular form of Temporal plus epilepsy was
considered. The option of repeat LTM vs. SEEG implantation and
extra-operative monitoring was discussed. 8 SEEG electrodes
(Ad-Tech, 10 contact with 7 mm spacing) were implanted in the
right hippocampus (HC) (head and body), posterior superior tem-
poral gyrus (STG) (covering the Heschl’s gyrus), temporo-parieto-
occipital junction (TPO), precuneus, orbitofrontal region and the
anterior and posterior insula (Fig. 1d.). Interictal abnormalities
were seen predominantly in the head and body of the hippocam-
pus and anterior insula (Fig. 2a.). Six habitual events were recorded
which began in the head of the right HC (Fig. 2b.). At onset and dur-
ing the aura, rhythmic gamma activity was observed from the head
of the hippocampus. There was no spread to the Heschl’s gyrus,
after perception of aura/seizure onset.

Cortical stimulation was carried out using the Nikolet cortical
stimulator with paired electrodes. The stimulation parameters
were set at a frequency of 50 Hz, stimulus train of 500 ms, stimulus
duration of 2 to 3 s, and the current was raised in steps of 0.5 to
1 m amp, up to 5 m Amp, to look for a response such as seizure,
or till after discharges occurred.
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The auditory aura alone without a seizure, was elicited from
HH1 and HH2 contacts when stimulated at 1 m amp, with a lag
of 1 s, after ictal onset of EEG changes. The seizure was elicited
with auditory aura, when stimulated at 2 m amp. Stimulation of
the Heschl’s gyrus revealed an auditory phenomenon which the
patient described as similar to the ‘‘buzzing of a loud speaker”.
He could clearly distinguish the epileptic aura produced by stimu-
lating the hippocampal head (HH1 and HH2), from this.

The patient underwent a right anterior temporal lobectomy
with amygdalohippocampectomy (ATL + AH). Post- surgery, the
patient had no motor or cognitive deficits and recovered well. He
has been followed up after surgery for 3 years and has remained
seizure free (Engel 1a).

Histopathology of the resected specimen showed reactive glio-
sis in the temporal pole and amygdala. No focal cortical dysplasia
or hippocampal sclerosis was detected.

Discussion

Aura has been described in the 1981 International Classification
of Epileptic seizures, as ‘‘that portion of the seizure which occurs
before consciousness is lost and for which memory is retained
afterwards”. Although the seizure can arise from functionally silent
areas and then propagate to a symptomatogenic area, producing an
aura, it is generally considered close to and functionally connected
to the ictal onset zone. Studies using SEEG for localizing auditory
auras are few. Auditory auras have been localized to lateral tempo-
ral cortex, posterior insula and frontal operculum using Intracra-
nial EEG [3,4]. They have not been described from the
hippocampus.

Studies in rats have identified that hippocampal neurons are
involved in auditory processing, particularly auditory fear condi-
tioning. Voxel based fMRI studies in humans have identified that
the HC, in addition to the planum temporale, plays a role in iden-
tifying learned acoustic patterns [5,6].



Fig. 2. a. Interictal abnormalities in the head and body of the hippocampus and anterior insula. b. Ictal SEEG of habitual event: onset from the head of the right HC.
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Mesial temporal auras have usually psychic/ viscero-sensory
components. However, studies have shown that up to 6–7% of
patients with hippocampal sclerosis (HS) may have auditory auras
[7,8].

Auditory auras such as elementary sounds have been tradition-
ally described from the Heschls’ gyri. Ictal deafness has also been
described from the dominant temporal lobe [9]. More complex
auditory auras such as illusions have been described from the audi-
tory association cortex, posterior insula and frontal operculum
[2,3]. More complex auras such as hallucinations, auditory and ver-
bal may arise from the lateral neocortex and posterior language
areas in the dominant hemisphere [10] (Table 1).

Florindo et al studied auditory aura by dividing their patients
into four groups, viz, simple/ complex hallucinations and positive
/ negative illusions. Those with unilateral auditory aura, did not
show any difference in lateralization, ipsilaterally or contralater-
ally. However, those patients who underwent presurgical evalua-
tion, showed a contralateral epileptogenic zone. Both complex
hallucinations and negative illusions lateralized to the dominant
hemisphere [11].

Our patient, had an elementary auditory aura of ringing in both
ears. As both lateral temporal neocortex and posterior insula have
been described to produce auditory auras, we initially considered
our patient with MRI negative temporal lobe epilepsy to be a part
of possibly temperoinsular type of temporal plus syndrome. Such
patients tend to do poorly if only conventional ATL + AH is done
[12]. This situation is more likely to occur in MRI negative cases,
Table 1
Localization of Auditory auras.

Localization of auditory aura Supporting literature

Heschl’s gyrus Penfield et al 1963 [4]
Lateral Neocortex, posterior language areas Serino et al 2014 [11]
Posterior Insula Isnard et al 2004 [2]
Frontal operculum Thompson et al 2015 [3]

3

wherein the epileptogenic substrate is most likely to be a subtle
focal cortical dysplasia (FCD).

Hence the epileptogenic network was studied with SEEG, and
both the spontaneous and stimulated seizures localized to the hip-
pocampus. Also, the typical aura was produced without a seizure at
lower currents of stimulation, thereby confirming the hippocampal
origin of the aura. Stimulation of the Heschl’s gyri also produced a
different sound. Post ATL + AH, the patient continues to be seizure-
free for 3 years. We believe this to be an initial description of audi-
tory aura elicited from the hippocampus using SEEG.

Interestingly, in our case, the substrate remains unknown as the
resected specimen failed to show abnormalities suggestive of an
FCD.
Conclusions

In our patient, auditory auras arose from the hippocampus con-
firmed by SEEG recording. Localization of an auditory aura was
reproduced by direct electrical stimulation of the hippocampal
SEEG electrodes, to further support a mesial temporal origin.
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