N
N

N

HAL

open science

Correlation between fluorodeoxyglucose positron

emission tomography brain hypometabolism and
posttraumatic stress disorder symptoms in temporal
lobe epilepsy

Lisa-dounia Soncin, Sylvane Faure, Aileen Mcgonigal, Tatiana Horowitz, Sara

Belquaid, Fabrice Bartolomei, Eric Gued;

» To cite this version:

Lisa-dounia Soncin, Sylvane Faure, Aileen Mcgonigal, Tatiana Horowitz, Sara Belquaid, et al.. Cor-
relation between fluorodeoxyglucose positron emission tomography brain hypometabolism and post-
traumatic stress disorder symptoms in temporal lobe epilepsy. Epilepsia, 2022, 63 (7), pp.e74-e79.
10.1111/epi.17300 . hal-03749198

HAL Id: hal-03749198
https://hal.science/hal-03749198
Submitted on 10 Aug 2022

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépot et a la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche francais ou étrangers, des laboratoires
publics ou privés.


https://hal.science/hal-03749198
https://hal.archives-ouvertes.fr

Correlation between fluorodeoxyglucose positron emission
tomography brain hypometabolism and posttraumatic
stress disorder symptoms in temporal lobe epilepsy

Lisa-Dounia Soncin'*© | Sylvane Faure' | Alleen McGonigal™™*o |
Tatlana Horowitz™*" | Sara Belquald™® | Fabrice Bartolomel™ ¢ | Eric Gued]™*’

'LACOS, Cole drAzor University, Mice, France

*alx Marseflle Linty, Imserm, instiiol de Neamsclences des Sysibmes, Marsellie, Brance

"Diepariment of plleglalogy and Cerebral #hylhmogy, Asslsiance Pubiique 19plian de Maselile, Marseilis, Franoe

“[yuoensland frain (nstiute, Universiy of Queensland and Mater 1ogphi, rishans, Gueoensiand, Austriis

*Dopariment of Nuclar Medicing, Assisiance fabilque Opia de Marselile, Marsaliio, France

“National Center B Sclen i Research, Cenir Schiol of Marselie, MIxed Unit ol Reseanch 7249, Fresned [nstifule, Alx-Marsellle University,

Marsellle, France

"CRRIMEL, Alx-Marseliie Universely, Marseflle. Franoe
*Dopasiment of Genoral Psychilalsy, Unfversity Posplial of Mice, Nice, France

Cofrespondence

Fabrice larioliomel, Depariment

al’ Eplkepiaéogy and Cerehal
Rhythmikapy, Assizlance Pubiigoe
[inptan de Marsoilie, 264 ue Salnt-
Perre, 1305 Marselli, Trano
Fml: faheloe harlolomelgoap-hmIr
Firle Gued), Degariment of Muclear
Medicine, Assistance Panlique
[l de Marsokle, Timone
Uiniversity 1 luspllal, 264 Roe Satni-
Permn, 135 Marselllo, Franoo
Frmall: el guedigap-fom i1

Abstiract

The relationship between postimumatic stress disorder { FTSD) and focal epllepsy
15 poorly undersiood. 18 has been hypothestzed that there 18 & complex and recip-
rocil potential remniforcement of the symploms of each conditton. In Lhls study,
wit Imvesligated whether there are PISD-spectiic brain changes In temparal lobe
epllepsy (TLE) Brain fluprodestyplucose positron emisston lomography {PET)
metabolism was compared belween contmls and wo groups of TLE patlents:
ome group of 15 patients fulfliing the crterta for a potential dlagnosis of PTSD
(TLE-PTSD4), another group of 24 patients without a diapnosks of PTSD (TLE-
PTS0-). and 4 group of 20 healthy control participants. We compared the differ-
ences In braln PET metabolism among these three groups, and we studied thelr
correlitlons with interictal and peri-ictal scales of PTSD symptoms. TLE-PTSD4
patients showed more significant hypometabolism imvalving righl lemporal and
riehi ordiofmonial corlex in companson [ TLE-PTSD- patients and healthy suh-
Jects. Moreover, degree of reduced metabolism In these brain ireas corredated
wilh Intertcial and peri-fclal PTSD questionnalie scores. PTSD In emporal ept-
lepsy 15 assoctated wilh spectfic changes in neural networks, affecting mbic and
paralimbic structures, This llustrates the close mtertwining of eptieptogenic and
psychogenic processes InLhese patients.
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1 | INTRODUCTION

Posttraumatic stress disorder (PTS1) 1s 2 psychlalnc con-
ditton that may oocur when an individual lves through or
wiinesses one or more events In which he or she believes
Lhat there 15 a theeat to life or phystcal Integrity and safedy,
ind experiences [ear, terror, or belplessness. The symp-
loms are chamcterzed by re-experiencing the tmumatic
episode, intrusive thoughts, avoidance behaviors, changes
in mood and cognition, and hypervigilance.!

To date, the occurrence of PFTSD 1o patents with ept-
lepsy has not been extensively studied. Patients with epl-
lepsy are more exposed 1o traumatic e events and eport
more symploms of PSTD (han healthy controls? 1L has
also been shown thatl in additton to the classtcal FTSD
symplomatology, patients with epilepsy report psycho-
logical symptoms during the inter- and perl-icial period
that are specifically related o occurrence of selzumes: y-
pervigifance (o seboures, avoldance of all potentlal seture
iriggers, and even tmumatic refiving of the ictal pertod.®
The relattonship between FTSD and eptlepsy 15 therefore
complex, wilth probable eciprocal relnforcement of the
symploms of each condition, Major stresses are Hkely Lo
gecelerie epileplogenssts in antmal models? and PTSD
has been assoctated with alieratlons In braln networks
affecting the prefrontal coriex.* (he amyedala, the kippo-
rampas,” of the precuneus,” These reglons are also Nkely
to be altered In foral epllepsy, especially in temporal lobe
epilepsy (TLEL' How the combination of eptiepsy and
PTS0D alters brain networks 18 nol Enown, particularhy
whether there are metabolic modifications specilic Lo
FIS1) In patients wilh TLE, In this work, we explored the
relattonships between PTSD and epllepiogenic networks
by correlaling brain Quorodesxyglucese positron emisston
tomogriphy (18F-FDG-PET) metabolic abnormalittes in
pattents with TLE and PTSD symploms.

2 | MATERIALS AND METHODS

21 | Study population

Palients with drug-resistant TLE were recruited from the
Depanment of Eplleplology, Timone Hospilal, Marsedlle,
France during 2018-2019. We selected only patients with
untizteral TLE with or withoul a leston, who had un-
dergone an 18F-FDG-PET scan during the presurglcal
workup of thelr epllepsy. The diapnosts of TLE wis based

on magnetic resonance Imaging (MRI) and PET data,
intericlal electroencephalopraphic {(EEG) data, clinical
semiology, and viden-EEG mecordings of setzures and In
some patients stercolactic EEG recordings. All tncluded
patlents had clear untlateral temporal lobe onsel We
conteolled the demographic homogenstly of the patients,
Including sex, age. laterality of epllepsy, and presence of
leston (from MRI). Data are avallable in Table 51. A le-
male predominance was observed in the PTSD group (735
Vs I3}

These patlents areé part of a cohort of patents In-
cluded 1n a previous study Investigating the characterts-
tlcs of PTSD in patients wilh epllepsy.® The diagnosis of
PTSD was based on a climcal interview with the same
psychologist, using (he International screening crite-
ra of the Magnostic and Stalisttcal Manual of Mental
Disorders, Sthoedition (DSM-51." All patlents In the PTSD
proup had a score> 275 on the diagnostic sciale for FTSD
(Postiraumatic Magnosiic Scale for DSM-5 [PDS-510.° A
gueshionnalre specific o PTSD symptoms In eptlepsy (In
the Inter- and perf-ictal pertod). recently developed by
our team, wis also completed by the palients (for detatls,
see Table 1), We also asked the pattents to 0l oul ques-
tionnalres screening for major depression {Meumlogical
Disorders Depression Inventory for Epllepsy [NDDI-E])
and peneralbzed anxiety disorder (Generalized Anxiely
Disorder—7 ems [GAD-7]."

We selecied a third group of healthy subjects. without
nevrological/psychiatric symploms or antecedent diag-
nosts, and with normal braln MR who underwent bratn
14F-FDG-PET In the Depaniment of Muclear Medicine at
Timone Hospital, Marseille, France, They were selected
from a previous study including 60 age- and sex-matched
subjects (NCTODME4523; Table 51).

2.2 | 1SF-FDG-PET
Imaging and processing

Braln 18F-FIMG-PET scans were acquired at the same
center using an acguisition protocol conforming to
European puldedines, at resting stale. Insubjects fasting for
at least 4 howith a controlled, normal glycemic level, using
an tntegraled PET/computed lomography (CT) General
Ebeciric camera, after an intravenous admintstration of
150MBg per 15-min acguistion al 30min postinjection.
Images were reconstrucied ona 192 x 192 malrix using the
ordered subsels expectation maximization algonilhm and
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TABLE 1 [Mostiraumatic siress disorder sympiom screening
PS5
Crilerion 1 ilems: Reexperiencing symploms
Criterion C llems: Avolilance behaviors
Criterlon 1 Hems: Changes In mood and copnition
Criterion E iems: 1ypervigilance
PTSIF-E

Criterion A llems: Scale for any participant who fell he/she had been exposed b0 a TE during his'her Riciime

Specilicity lems {peri-clal perlod): Investigation of whelher seirures coulid be expressed in specilic ways (oocurming in

relathm Lo cerlain thoughis, situatbon, Lme of day)
Avnldance fems (interictal period): Avildance behaviors to speciiic setvure trigpess (memories, thouphis, slualions)
Tiyperdgilance iems (nlericlal period): Hypervigiland with repard w0 risk of having a setaure (overalerd stale)
Intrastons ffems Jiclal pertodl Mangfestaions of iIntrustve thooghts (emeotions or memories) during Uhe fctal pertod
nistress dlems {prstcial peciod i Pavchalogical distress that could resull [rom all preceding symploms

Abbreviations: PIN-5, Pesdiraumatic Blzgnostic Soabe for 6M-3; PTRIE, Ped-Trasmalic Siress Disorder for Epilepsy; TE, imumagenic cveni

corrected for altenvation using a CT lransmission scan.
All PET tmaging was performed durnng the hospilaliza-
lton for phase 1 of presurgical evaluation. The [ntericial
mature of PET scans was established by clinical observa-
lton 15min prior to FDG admintstration and durng the
uptake pertod of 30min.

Whole-brain statistical analysts was performed at the
voxel level using SPME software (Wellcome Depariment
of Cognithve Neurology, University Colleze London) Lo
compare pattents to healthy subjects with constderatton
of thetr age and sex as covartables.

The PET tmages were spatlally normalized onto the
Montreal Nearologieal Institute atlas. The dimensions of
the resulting voxels were 2 x 2 x 2mm. The Images were
then smoothed with a Gausstan [lter (8mm [ull width
al hall maximum} to blur individual vadations in the
gyril anatomy and o Increase the sipnal-to-notse ratlo.
Proportional scaling was performed (o give the same global
metabolic value o each PET examination. Conseguently,
the extracted values have no dimenston; the default value
of 50 for the prand mean value scales Lthe plobal Now loa
phystologtcally realistic value of s0ml/dl min.

As more significant hypometabolism was expected be-
tween patlents and heathy subjects than between pattents
with and without PSTD symploms. the statistical thresh-
old was thus adapted at the analysis level, The SPM{T)
PET maps were obtained at an uncorrected height thresh-
old {vineel-level significance) of p <.005 belween pattents
with PSTD symploms and healthy subjects, within an In-
clustve mask of hypometabolism of pattents with PTSD
symploms in comparison to those withoul PTS1 symp-
toms fxed al p < .05 uncorrected. The T-score of voxel
level corresponded o a threshokd of 2,65, and an adds-
ttonal statistical conirol was applied at the cluster level
with a kextent higher than those expected by Monte Carlo
simulatlon corresponding (o al least 128 voxels. Mean
metzbolic values of this clustens) were extracled using
MarsBak (hitp//marsharsourceforge net)).

221 | Standardized protocol approvals,
registrations, and patient consents

The instituttonal roview board of the French Institute of
Health (IRBE15226) approved thig sludy, and writlen pa-
tent consent was obtained.

2.3 | Statistical analysls

we controlled the distribution of the Lhree experimental
grioups by the Shapiro-wilk test, and they were normal.
We used whole-brain voxel-based analysls o compane
briln PET metabolism between Lhe three groups (see
above). Pearson correfation coefficients were calculated
between Lhe PTSD questionnalre responses and the meta-
bolic cluster (hat was dentified among the thiee proups. A
pvalue of <05 was considered significant, We also com-
pared patients with right TLE in the two experimental
groups by Student | test.

3 | RESULTS
Thirty-nine patients wilth TLE were selecled (15 PTSD +
and 24 PTSD-). The PTSD4 group had a majority of nght
temporal lobe eptlepsies (11/15, 73%; Table $1). In com-
parison with healthy controlz, patients with TLE exhib-
e significant hypometabolic beatn reglons promineat in
temporal regions (p-woxel < 005; Flgure 1A

TLE PSTD+ patlents exhiblied significant brain hy-
pometabollsm tn compartson both to those without FTSD
(p-voxel < 05 uncormectedy and to healthy subjects (p-voxel
< 05; uncorrecied), tnvolving the right temporal pole
and the pight orbitofrontal cortex (k = 1066, T-max = 4.64;
p-cluster = 007, uncorrected; Flgure 1R}

we comparad bratn metabolism in this cluster belween
right TLE-PTSD+ and right TLE-PTSD- patlenis. Right



Fuetabe:be Chustor

PRE-S soores

FIGURE 1

Bt i Clune s

o I Ir
a8 4 N

. -
[

'
m L
L] L
L]
] I W & W

FTSE-L pooras

1ypometabolism in emporal kobe epliepsy (TLE) palients with postirazmalic stress disceder (PTSIY symploms. (A}

Im compartson with healthy conlrls. patients with TLE exhibiled significant hypometabolic brain reglons, which was promingnl in
lemporal reptms (p-voe] < 0650, Right TLE wnd eft T1LE ane shown. (B) TLE patients with PTSE symplisms exhibiled significant brain
NMuormdepayglucose positron emisslon iomagraphy (18F-FDG-PET) hypomelabolism in comparnison both o Lthese withoul PTSD and fo the
healihy subjects (ustng inclusive mask), involving the right iemiporal pode amd cebitolmmial cortex (C) Correlation between the brain 181
FEG-PIET metabolic cluster and the 17750 symiplom scores (Postiraumalic Diagmostc Scale for 1SM-5 [PES-5]) and TS50 symplom soones
of the inter and peri-ictal periods (Post-Traumatic Siress Diserder for Eptlepsy | FTSD-E] L

TLE-PTSD4 {n = 11} patients showed hypomelabolism
on this cluster compared o fghl TLE-PTSD- (n = 12, 1
[21] = =317, p = 005/07 = 217 p =.004).

The metabolism of this clusler was negatively cof-
related with the lewel of PTSD symploms (PDS-5
r=—695 p <001) and Inter- and pen-fclal PTSD
symptoms (PTSD-E, Post-Traumalic Stress DMsorder for
Eptiepsy. r =—370; p < 020; Flgure 1C). We also found
1 sirntficant correlation between this metabolic cluster
and NDDI-E scores {r =—433; p =015}, bul there wis no
correlation with anxdety scores measured by the GAD-7
{r =—33%; p —nol sipnificant).

4 | DISCUSSION

Epllepsy patients have an Increased tncidence of emo-
tonal trauma™ and a likely increased Incidence of
P15D.2 In a cohort of epllepsy pattents. we recently
showed that 26% (vs. 7% of controls) had a score above

the diagnostic threshold of the PISD-5 scale” In this
study, we looked at whether TLE patients with PTSD
had differences In metabolism compared to TLE pa-
tents without FTSD. The main result of this study was
Lo show that in compartson with TLE-PTSD-, the group
of patients with TLE-PTSD+ presented significant hy-
pometabolism In the right temporal pole and the right
orbitofrontal cortex. This result Is in agreement with pre-
vious studies dealing with meurofunctional alterzitons
In PTSD pattents, affeciing the emporoltmbic system
and the prefrontal cortex.* Recently, it has been shown
thal the volume of the right temporal pole of PTSD pa-
tienis was stenificantly smaller than that of healthy and
psychiairic control groups.'" The temporal pole ts part of
the paralilmbic system, 45 are the anterfor cingulale cor-
Lex, orbitofrontal coriex, and insula. Considered a node
of the paralimbic cortex, the lemporal pole 15 thought
Lo play a key role in social and emotional processing.™
The right laterality of this hypometabollsm can be
compared with the right predominance of epllepsy (n



Lhis group of patlents (73%). The hypometabolism of the
right temporat polar regton could stmply be related Lo
the right predominance of the epliepsy 1o patients with
PTSD. However, we observed that Lhis hypometabollc
cluster persists when comparing only right lemporal
epllepsies (PTSD4 vs. PTSD- proups). The patholopical
role of this hypometabollc cluster s reinforced by the
strong Unear correfation between the degree of hypome-
laholism and the PTSD scores: Lhe lower the cerebral
metabollsm of the lemporal pole and orbitofrontal cor-
lex, the grealer the PTSD sympiomalology. This right-
sided predominance warrants further (nvestigation Lo
understand why patients with P50 likely more often
have a right-sided eptlepsy. 1t 1s possible that the inler-
action between PTSD and eplleplogenests promaotes this
lateratization, bul this remains to be demonstrated tn a
larger cohorl of patlents.

Hypometabolism s & characlenstic of eplleptopenic
networks and may be assoctated with hyperexcitability
of some of the Involved brain reglons. Thus, hypomelab-
olism of paralimbic reglons (n the PTSDS proup could
be assoclated with a decrease in inlerictal melabolism
bul would have Lhe property of being hyperexcitable
im the ictal period or in the case of PTSD during the
manifestations of symploms. Several studies support
Uhis paradoxical effect, showing a decrease 1n inlerictal
metabolism but amypdala hyperexcitability durlng lclal
pertods.™ This could reflect dysfunction of networks
subserving emotional regulation, 25 has been observed
1n PTSD, In which hypolunctionality of the prefronlal
conex could favor the emergence of PTSD symploms,
particularly fear response.'* 18

1L 15 worth noting that our study has some [Imitations,
including small sample s1zes. helerogeneity in the ellal-
ogy, and lack of clinical covariation.

5 | CONCLUSIONS

This study shows that TLE patients with PTSD are char-
actertzed by metabolic alteration al the group level, spe-
cifically affecting the right temporal pole and the right
orbitofrontal region. This metabolic alteration s comre-
lated with the sevenity of PTSD sympoms. These resulls
Hlustrate the close mtertwining of eplleptogenic and psy-
chogenic processes and sugeest thal spectiic cerebral net-
work changes are associaled with interictal psychiatric
phenomena (o epllepsy.
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