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A B S T R A C T   

We describe a case of focal epilepsy with a semiology consisting of behaviors indicating an enthusiastic desire for 
those around him to get along and engage in friendly relations, which we refer to as “amity seizures”. The patient 
was a 41-year-old right-handed male with seizures since age 26. Semiology consisted of stereotyped enthusiastic 
behaviors such as expressing “Peace! Peace!… Come on, we all on the same team, right?!”, and giving hugs, 
kisses, and high-fives to those around him. On SEEG evaluation, 2 independent areas of seizure onset were 
identified, the right hippocampus and right posterior orbitofrontal area. Locally confined seizures had bland 
manifestation. However, spread from right hippocampus to right orbitofrontal area, or vice versa, elicited his 
typical amity seizure semiology. To our knowledge this is the first report of the seizure semiology we have coined 
“Amity seizures”. While emotions were once thought to localize to discrete brain regions, they are now accepted 
to arise from networks across multiple brain regions. The fact that this behavior only occurred when seizures 
spread from either of 2 onset zones to the other suggests that this semiology results from network engagement 
between, and likely beyond, either onset zone.   

1. Introduction 

Amity is defined as the quality of goodwill and friendly relationship 
between people or entities. It is derived from the Latin “amicus”, 
meaning friend, which is also the derivation of the word “amicable”. 
Herein, we describe a case of a patient with focal epilepsy with a 
semiology consisting of behaviors indicating an enthusiastic desire for 
those around him to get along and engage in friendly relations, which we 
refer to as “amity seizures”. 

Earlier debate regarding the neurophysiology of emotion has sur
rounded whether discrete brain regions are responsible for emotions or 
whether emotions result from more widespread network engagement 
[1,2]. While fMRI studies have shown some discrete areas of emotional 
localization [3], more recent consensus falls of the side of dimensional 
theory, positing that network engagement and interplay between mul
tiple brain regions generates emotional experience [4]. For example, 
acute psychologic stressors have been shown on fMRI to activate wide 
ranging network interactions [5]. The amygdala, orbitofrontal cortex, 
and hippocampus are structurally connected and implicated in gener
ating emotion through widespread, distributive activation [6]. 

We report a case of SEEG-proven multifocal epilepsy producing a 

semiology of amity arising with conduction, in either direction, between 
2 independent seizure-onset zones, specifically the right hippocampus 
and the right posterior orbitofrontal area. 

2. Methods 

Patient history, workup, and outcomes were obtained by review of 
electronic medical record. EEG and SEEG recordings were reviewed 
from archived studies. Figures with photographs involving patients, 
family, and staff, were deidentified by accepted standards [7]. All pa
tients admitted to our epilepsy monitoring unite (EMU) sign a release 
that allows the use of data and images for teaching and research pur
poses. In addition to this, prior to article submission, informed consent 
was obtained from the patient for the use of photographs for publication. 

Visualization of SEEG implantation for evaluation and making fig
ures were performed with MRIcroGL (version 14.2.1 (Build 23C71), 
developed by Christ Rorden, Columbia, South Carolina, USA, https 
://www.nitrc.org/projects/mricrogl). Videos of his events were pre
pared with Apple iMovie (version 10.3, Apple Inc, Cupertino, California, 
USA) for compression, trimming, and basic audio/video enhancement. 
Initial facial blurring was performed with Gallio Pro (version 2.12.0, 
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developed by Trasee sp. z o.o., Poland). Davinci Resolve was used for 
final editing, blurring, post-processing, and audio editing (version 
18.6.4, build 6, Blackmagic Design Pty. Ltd., Victoria, Australia). 

3. Case report 

The patient was a left-handed (made to write with right hand) 35 
year-old male referred initially to the epilepsy clinic for evaluation for 
generalized tonic-clonic seizures. Seizures began at age 29. 5 years prior 
to seizure onset, he was in a car accident and sustained a closed skull 
base fracture. He went on to develop a sphenoid mucocele and under
went sinus surgery to remove this, leaving him with a skull defect. A year 
after mucocele repair, he had his first focal to bilateral tonic-clonic 
seizure and was subsequently found to have herniated a small piece of 
his temporal lobe (encephalocele) through this defect. He underwent 
another surgery to remove the herniated tissue, which was necrotic. This 
took place at an outside hospital and imaging was not available to us 
from this time-period. He had a second focal to bilateral tonic-clonic 
seizure, was placed on levetiracetam, and was seizure-free for the next 
5 years. He continued to be highly functioning and working as a lawyer. 
Five years after his encephalocele resection, he developed focal 
impaired awareness seizures of the type described below. 

The patient’s family reported that his seizures included nonsense 
talk, saying “peace, peace”, shaking hands, and not being himself. He 
would typically, but not always, have an aura of an indescribable but 
stereotypical “weird feeling”. Seizures lasted 1–2 min and occurred 2–4 
times per month. While he remained interactive during events, he had 
no memory of them. He felt generally fatigued after his seizures. Psy
chological stress was triggering to his events. At the time of evaluation, 
he was on levetiracetam 500 mg twice daily, oxcarbazepine extended 
release 1800 mg daily, and lamotrigine 50 mg twice daily. 

He underwent pre-surgical evaluation with scalp video-EEG, stereo- 
EEG, MRI, PET, SPECT, MEG, and Wada testing. MRI showed a prior 
limited right mesial temporal lobe focal resection, loculated cystic 
replacement of much of the clivus and right skull base, but bilaterally 
normal-appearing hippocampi (Fig. 1). MEG showed four spike sources 
localizing to the right lateral and basal temporal regions. PET scan 
showed a metabolic defect in the right inferior medial temporal region, 
corresponding to known postsurgical changes. Subtraction ictal SPECT 
was nonlocalizing and only showed hypoperfusion of the area of the 
posterior superior sagittal sinus. 

Neuropsychiatric testing demonstrated intact learning and above 
average recall of visual information, with isolated cognitive weaknesses 
across aspects of language including generative phonemic fluency and 
confrontational naming. Given that these findings were somewhat 
atypical for presumed non-dominant hemisphere dysfunction, some 
concern was raised for right-hemispheric language contribution. To 
clarify, fMRI was obtained and confirmed left-hemispheric language 
dominance. He also underwent WADA testing which showed strong left 
hemispheric support for speech and language. However, Wada recog
nition memory testing demonstrated good memory performance for 
both hemispheres (75 % score for right-sided injection versus 69 % score 
for left-sided injection). He was deemed to have a high likelihood of 
suffering at least some memory decline if he were to undergo resective 
epilepsy surgery, which he felt would impair him as a high functioning 
professional. 

During EMU stay, scalp EEG captured focal seizures and interictal 
discharges that appeared to arise from the right temporal region. SEEG 
evaluation involved implantation of 10 right hemispheric electrodes 
targeting the amygdala, anterior hippocampus, posterior hippocampus, 
basal temporal lobe, anterior orbitofrontal area, posterior orbitofrontal 
area, anterior cingulate, posterior cingulate, thalamus, and frontal polar 

Fig. 1. MRI obtained for presurgical workup, prior to the placement of RNS to the right hippocampus and right orbitofrontal area. Shown are axial and coronal T1, 
T2 FLAIR, and T1 post-contrast images demonstrated R temporal cavity consistent with prior right focal encephalocele resection. 
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areas (Fig. 4). Six seizures were captured, and revealed two independent 
seizure onset zones, specifically the right hippocampus (RH) and right 
mesial posterior orbitofrontal (RMPOF) area. Of the 6 seizures, 3 arose 
from RMPOF, and 2 of those spread to the RH. 3 arose from the RH, of 
which 1 spread to the RMPOF (Table 1). Locally-confined seizures 
without spread outside either zone of onset had relatively bland mani
festations, without characteristic amity semiology. Seizures confined to 
RH consisted of only a few gibberish words and a feeling like he may 
have a focal seizure. The single seizure confined to the RMPOF area 
consisted of a few gibberish words and few statements of “peace, peace” 
(dramatically less than typical event). However, seizure spread from RH 
to the RMPOF, or vice versa, manifested his typical amity seizure 
semiology. This conduction was temporally correlated to spread of the 
seizure from one site to the other (Figs. 2 and 3, Supplementary videos 1 
and 2). The semiology consisted of stereotyped enthusiastic behaviors 
such as expressing “Peace! Peace!… Come on, we are all on the same 
team, right?!”. He would give hugs and kisses to his wife, as well as EMU 
staff members, saying pleasantly, “Give me a hug, alright?”. He would 
elicit handshakes and high-fives from those around him, often in quick 
succession, saying “handshake! Peace! OK, give me hug!” (Figs. 2 and 3, 
Supplementary videos 1 and 2). Despite clearly socially interacting with 
others, he had no recollection of these events whatsoever. Interictally, 
frequent epileptiform discharges were noted in the right hippocampus 
and right orbitofrontal area independently. 

The anterior insula was penetrated by 3 electrodes. Specifically, the 
posterior superior portion was captured by the thalamus electrode (RT), 
the anterior inferior portion by the amygdala electrode (RA), and the 
anterior middle by the posterior orbitofrontal electrode (RPOF) (Fig. 4). 
These leads showed no seizure spread to the anterior insula. The frontal 
pole electrode showed no spread to the frontal pole. 

Electrical stimulation (50 Hz, 1–8 mA) of seizure-onset zones failed 
to reproduce his characteristic semiology. However, stimulation of the 
right amygdala gave a vague, incomplete feeling reminiscent of his 
seizure aura. Stimulation of his amygdala and hippocampus demon
strated time-locked, low amplitude cortico-cortical evoked rhythmic 
activity in the RMPOF area, indicating strong effective connectivity, but 
stimulation of the RMPOF did not elicit an electrographic response in the 
mesial temporal structures. 

Due to his estimated high risk of memory deficit after resective 
surgery, he elected to undergo responsive neurostimulation (RNS). Two 
RNS electrodes were placed, one in the right hippocampus, and a second 
in the right posterior orbitofrontal area (corresponding to SEEG elec
trode RPOF 1–4; Fig. 4). 

At 4-year follow up, he had approximately unchanged seizure fre
quency on a regimen of levetiracetam, cenobamate, and oxcarbazepine. 
He continued to have rare GTCs. He reported subjective short-term 
memory difficulties, otherwise without complaint of altered social 
interaction, heightened spiritual experience, or other psychiatric 
complaint. 

4. Discussion 

To our knowledge this is the first report of the specific seizure 
semiology we have coined “Amity seizures”. The fact that this behavior 
only occurred when seizures spread from either of 2 onset zones to the 
other suggests that this semiology results from network engagement 
between, and likely beyond, the right posterior orbitofrontal area, right 
hippocampus, and right amygdala. 

As previously mentioned, the neurophysiology of emotions is now 
thought to originate in network engagement between different brain 
regions [4,8], rather than in discrete locations. For example, a widely 
distributed network between the amygdala, hippocampus, prefrontal 
cortex, and other structures is now thought to form the basis of fear and 
anxiety generation [9]. Similarly, connectivity between the amygdala 
and orbitofrontal cortex has been shown to mediate emotional regula
tion [10]. The differences in connections between limbic regions has 

Table 1 
Table summarizing SEEG findings as well as clinical semiology and total seizure 
times.  

Seizure 
number 

SEEG Semiology Total 
time 
(min: 
sec) 

1 Hippocampus ->
amygdala -> posterior 
orbitofrontal 

Amity Semiology.  

Had a feeling like he was ill 
and sick to his stomach. He 
was not sure if it was a focal 
seizure or not. He then 
developed amity semiology 
when the seizure spread to 
his posterior orbitofrontal. 
He was able to read a sign 
during his seizure, but 
appeared somewhat 
inattentive.  

(Fig. 2 and Supplementary 
Video 1) 

1:38 

2 Posterior orbitofrontal A few gibberish words, said 
the phrase “we all get 
along”. No loss of awareness. 
Responded appropriately to 
nurse during ictal phase. 

0:55 

3 Hippocampus Aura only. He felt like he 
may have a seizure. No loss 
of awareness. 

0:51 

4 Posterior orbitofrontal ->
hippocampus and 
amygdala. (semiology 
ongoing despite 
termination of 
orbitofrontal seizure) 

Amity Semiology.  

The seizure started with a 
posterior orbitofrontal 
seizure during sleep, which 
was noticed by staff who 
then woke him up. He felt 
completely normal. Ictal 
exam performed 40 s after 
electrographic seizure onset. 
He was conversant, able to 
remember a phrase, read 
with ease, and was alert and 
oriented. The exam was 
interrupted when he had a 
spread of seizure to his 
hippocampus that resulted 
in the development of amity 
semiology. 

2:16 

5 Right hippocampus Aura only.  

Hippocampal seizure. He 
awoke suddenly and spoke 
unintelligible words, then 
mentioned that it felt like he 
was going to have a seizure. 
Exam was performed just as 
seizure ended, but was 
normal. 

0:53 

6 Posterior orbitofrontal ->
hippocampus 

Amity Semiology.  

He was working on his 
computer when he 
developed an orbitofrontal 
seizure that was noticed by 
staff. When they arrived at 
bedside he demonstrated no 
appreciable change in 
behavior. Then his seizure 
spread to his hippocampus at 
which point he developed 
amity semiology and an 
exam was not performed.  

Ictal exam was not 
attempted as he became 

2:40 

(continued on next page) 
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been associated with psychiatric illness. The uncinate fasciculus, which 
connects the orbitofrontal cortex to the amygdala and anterior hippo
campal gyrus, has been shown on diffusion tensor tractography to be 
disrupted in patients with psychogenic non-epileptic spells (PNES) 
compared to healthy controls [11]. Modulation to sites in this network 
have also been investigated as targets for the treatment of psychiatric 
illness [12,13]. Moreover, the orbitofrontal area plays a role in hedonic 
experience [14] and reward-driven learning behavior [15], and direct 
electrical stimulation to the area has improved mood in patients with 
epilepsy[16]. Dysfunction of the orbitofrontal are well-established to 
correlate with antisocial behavior [17,18,19]. 

In brief, Rolls et al has identified the orbitofrontal cortex as a primary 
driver of emotional experience within a larger network, recognizing the 

amygdala as a mediator of cortical and autonomic arousal, but not 
subjective emotion [6]. This hypothesis is remarkably compatible with 
our patient’s case. When seizures were confined to only the right orbi
tofrontal area, he developed a mild expression of his typical semiology, 
consisting of mostly gibberish words with a statement of “we all get 
along”, likely representing mild engagement of the network supporting 
his typical semiology. However, when seizures started in the right 
orbitofrontal and subsequently spread to the hippocampus and amyg
dala, he developed his complete, typical semiology. Comparatively, 
when seizures originating in the right hippocampus and amygdala 
resulted in his typical aura of “weird feeling”, with subsequent spread 
leading to the onset of his robust semiology. While network engagement 
probably occurred to some degree beyond these areas, we suspect that 
amity seizures, and this patient’s two seizure foci, are illustrations of the 
interaction between the known function of the orbitofrontal area in 
generating emotion and the amygdala in modulating arousal. By the 
ILAE semiological glossary, this semiology would be classified as a 
mimic automatism [20]. 

Regarding prior descriptions of semiologies with similar features, in 
a series of 42 patients undergoing SEEG for prefrontal seizures, Singh, et 
al described 2 patients with ictal semiology consisting of humming/ 
singing, thigh-slapping, prosociality, and rhythmic body movement 

Table 1 (continued ) 

Seizure 
number 

SEEG Semiology Total 
time 
(min: 
sec) 

inattentive. 
(Fig. 3 and Supplementary 
Video 2).  

Fig. 2. Example of amity seizure on spread from right amygdala/hippocampus to right posterior orbitofrontal region, recorded on SEEG monitoring. Sensitivity 
150uV/mm, timebase 15 mm/sec. Referential montage. Showing electrode RA (entry superior temporal gyrus, target amygdala), RAH (entry superior temporal 
gyrus, target anterior hippocampus), RPH (entry middle temporal gyrus, target posterior hippocampus), RBT (entry middle temporal gyrus, target basal temporal), 
RAOF (entry inferior frontal gyrus, target anterior orbitofrontal), RPOF (entry inferior frontal gyrus, target posterior orbitofrontal), ROFCing (entry superior frontal 
gyrus, target orbitofrontal), RFP (entry inferior frontal gyrus, target frontal pole). RCing (entry superior frontal gyrus, target posterior cingulate) and RT (entry 
frontal operculum, target thalamus) were omitted from this figure due to space limitations. Neither electrode showed seizure involvement. Herald spike at RAH 1–4 
and RPH 1–3. RPOF changes are noted at this stage without clear ictal pattern. Ictal pattern starts in in RA 5–7 with rapid spread to RAH 1–3 and RPH 1–3. 
Subsequent spread to RPOF 1–3 and ROFCing 1–3. Onset of typical semiology noted on recording. Letters placed on the EEG tracing indicate the time at which a 
behavior occurred. If not listed, then the behavior occurred at some point after this segment of EEG. 
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[21]. In these cases, seizure-onset occurred in the frontopolar region 
with spread to anterior orbitofrontal cortex and pre-supplementary 
motor area, whereas seizure of the posterior orbitofrontal area was 
correlated with negative emotions such as fear. Lack of detailed, fully- 
elaborated description of these semiologies limits full comparison. Of 
note, our patient’s seizures would be classified as mimic automatism 
[20]. 

Cortical stimulation studies have yielded inconclusive results in 
revealing the pathways associated with pleasant emotions. Both positive 
and negative emotions have been inconsistently generated by stimula
tion to a variety of locations, including the anterior cingulate gyrus, 
amygdala, temporal pole, and insula, among others [22,23,24]. In our 
case, stimulation did not produce typical semiology, although stimula
tion to his right amygdala elicited a vague, incomplete sense of his 
seizure aura. Likewise, ecstatic seizures, a rare but distinctly different 
semiology than what is described herein, are thought to localize to the 
anterior insula [25,26] despite the fact that direct stimulation of the 
anterior insula rarely produces ecstatic aura [27]. As a simple expla
nation, high frequency stimulation may unintentionally disrupt the 
native function of a complex network. More importantly, when 
compared to stimulation, seizures have more geographically widespread 
activity and likely simultaneously activate and deactivate brain net
works. As another explanation, amity semiology may represent a release 
phenomenon generated by a loss of inhibitory control. His semiology 
included ictal kissing, a behavior thought to represent a release phe
nomenon, partly on the basis of its inability to be elicited by cortical 

stimulation [28]. Regardless, the failure of stimulation to produce any 
symptom resembling amity semiology points to the importance of 
network engagement in generating these unusual behavioral symptoms. 

While ecstatic seizures are similar to this patient’s amity seizures in 
that both demonstrate the presence of intense positive feelings, there are 
several features that we think makes amity seizures a distinct clinical 
entity. Ecstatic seizures are characterized by an individual, internal 
sensation of intense positive emotion and wellbeing [27], while amity 
semiology is notably relational and interpersonal. Furthermore, at least 
for the duration of their ecstatic experience, patients have preserved 
awareness, whereas our patient had no recollection of his event. How
ever, in the case of both amity and ecstatic seizures, these regions likely 
produce such semiology via interaction with diverse areas of connection. 

5. Conclusion 

Overall, this case demonstrates the importance of network engage
ment in generating emotion, in our case amity. His seizures highlight the 
connection between the amygdala, hippocampus, and orbitofrontal 
cortex. RNS placement to the right amygdala and right posterior orbi
tofrontal area resulted in a reduction in his seizure frequency. The 
structure, function, and network organization of both regions remain 
complex and uncertain. Further studies are needed to determine their 
role in seizure semiology and emotional generation. 

Fig. 3. Example of amity seizure on spread from right posterior orbitofrontal region to right amygdala/hippocampus, recorded on SEEG monitoring. See Fig. 2 for 
implantation scheme. RCing and RT omitted due to space limitation and no seizure involvement. Sensitivity 150uV/mm, timebase 15 mm/sec. Referential montage. 
The recording shows an ongoing seizure in RPOF 1–5 and ROFCing 3–5, with spread to RAH 1–3 and RPH 1–3 and subsequent involvement of RA. Onset of typical 
semiology noted on recording. Letters placed on the EEG tracing indicate the time at which a behavior occurred. If not listed, then the behavior occurred at some 
point after this segment of EEG. 
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