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INTRODUCTION

L’épilepsie est I'une des maladies neurologiques les plus fréquentes, touchant environ 600 000
personnes en France. Le pronostic est trés variable selon le type d’épilepsie mais le retentissement sur
la qualité de vie est souvent majeur, notamment chez les patients pharmacorésistants. La
pharmacorésistance se définit par la persistance des crises malgré I'essai d’au moins 2 traitements
antiépileptiques bien conduits. Elle concerne environ un tiers des patients souffrant d’épilepsie. On
constate chez ces patients une surmortalité par rapport a la population générale, avec un risque de
déces 2.6 a 15.9 fois supérieur (1-3). Cette surmortalité pourrait en partie s’expliquer par les déces
accidentels au cours d’une crise ou liés a ses conséquences mais aussi du fait du risque de mort subite
lige a I'épilepsie ou SUDEP (Sudden Unexpected Death in Epilepsy)(2,3). Les SUDEP sont définies
comme un déces brutal survenant chez un patient atteint d’épilepsie, sans lien avec une noyade ou un
traumatisme, et sans cause toxicologique ni anatomique retrouvée au déces, a I'exclusion des états de
mal épileptiques documentés. Elles touchent environ 1 patient sur 1000 par an (4). Le mécanisme exact
de ces déces est encore mal compris, impliquant probablement une dysfonction respiratoire évoluant
vers une apnée terminale (5). La survenue de crises d’épilepsie généralisées, notamment nocturnes,
est le principal facteur de risque, augmentant de 10 a 15 fois le risque de SUDEP (6). De par I'impact
gue ces déces représentent en termes d’année de vie potentielle perdue il s’agit a ce jour d’'un domaine

de recherche important dans le milieu de I'épilepsie avec des enjeux majeurs.

Il est admis que certains facteurs environnementaux peuvent favoriser I'apparition ou la
répétition des crises d’épilepsies, tels que la dette de sommeil ou bien la prise d’alcool. Le réle du café,
une des boissons les plus consommées au monde, reste cependant débattu. La caféine est une
molécule stimulante, permettant de contrer les effets de la fatigue. Elle possede une structure
moléculaire proche de celle de I'adénosine, I'un des principaux neurotransmetteurs inhibiteurs au
niveau du systéeme nerveux central (7). L'adénosine est considérée comme un agent anticonvulsivant
endogene, possédant également des propriétés neuroprotectrices. De hautes concentrations
extracellulaires d’adénosine sont observées au décours immédiat d’une crise d’épilepsie, représentant
probablement un mécanisme de régulation endogene permettant de mettre fin aux crises d’épilepsie
(8). La caféine quant a elle agit comme un antagoniste des récepteurs de I'adénosine Al et A2 (9)
laissant supposer qu’elle pourrait avoir un réle favorisant dans la survenue des crises d’épilepsie.

Cependant peu de données humaines sont disponibles.

L'adénosine a également un role dans le contréle de la respiration (9), pouvant déclencher a

hautes doses des apnées chez I'animal (10). Le relargage massif d’adénosine observée apres une crise
13
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pourrait donc avoir un role inhibiteur sur les centres de la respiration et étre en cause dans la
désaturation ictale, un phénomeéne observé dans environ 30% des crises d’épilepsie focales et 80 %
des crises généralisées, se traduisant par une chute transitoire de la saturation en oxygéne,

spontanément résolutive (11,12).

L'objectif de ce travail était d’évaluer le lien entre la consommation de café, la fréquence des
crises d’épilepsie, la désaturation dans les crises d’épilepsie et le risque de SUDEP en analysant les
données collectées dans le cadre d’un essai multicentrique en cours portant sur une population de

patient présentant une épilepsie focale pharmacorésistante.
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RESUME

Objectif : L’objectif de cette étude était d’étudier I'impact de la consommation de café sur la fréquence
des crises, le risque de SUDEP et I’'hypoxémie ictale au sein d’une population de patients avec une

épilepsie partielle pharmacorésistante.

Méthodes : Nous avons mené une analyse transversale des données collectées dans le cadre d’un essai
multicentrique en cours (étude SAVE). Les patients adultes pour lesquels les informations concernant
la fréquence des crises et la consommation de café étaient disponibles ont été inclus. La consommation
de café était recueillie a I'aide d’un auto questionnaire ou chaque patient indiquait sa consommation
habituelle. Celle-ci était ensuite classée en 4 groupes : aucune consommation de café, consommation
rare (3 tasses par semaine ou moins), modérée (4 tasses par semaine a 3 tasses par jour), et élevée (4
tasses par jour ou plus). Le risque de SUDEP était évalué a I'aide du score SUDEP-7 (Annexe 1). Dans la
seconde partie portant sur I'étude de la saturation, nous avons revu les données vidéo EEG des patients
inclus a Lyon et sélectionné ceux ayant présenté au moins une crise au cours de leur hospitalisation.
Pour chaque crise enregistrée nous avons déterminé s’il existait ou non une désaturation ictale se

définissant par une chute de la saturation en dessous de 90 % pendant au moins 5 secondes.

Résultats : Parmi les 620 patients inclus nous n’avons pas observé de lien entre la consommation de
café et la fréquence des crises d’épilepsie, tout type de crise confondu (p=0.92). En revanche nous
avons mis en évidence une association significative entre la consommation de café et la fréquence des
crises secondairement généralisées (p=0.026). La fréquence moyenne par mois des crises
secondairement généralisées était de 1.01+/- 6.63 chez les patients ne buvant pas de café, 1.40 +/-
7.13 chez ceux avec une consommation rare, 0.48 +/- 1.81 chez ceux avec une consommation modérée
et 4.13 +/- 21.5 parmi ceux avec une consommation élevée. Il n’y avait pas d’association significative
entre la consommation de café et le score SUDEP-7 (p=0.078). 90 patients ont été inclus dans la
seconde partie de I'étude. Une hypoxie ictale était présente dans 68/323 crises (21%). La présence
d’une hypoxie ictale était significativement associée a la consommation de café (p=0.001) avec une

relation inverse entre la consommation de café et le risque de désaturation.

Conclusion : Nos données suggerent que I'effet de la caféine sur la fréquence des crises dépend de la
dose avec des effets bénéfiques a dose modérée mais un risque accru de crises secondairement
généralisées a hautes doses. Ces données suggerent aussi que la consommation de café diminue le
risque de désaturation ictale. Ces résultats doivent étre confirmés par des études prospective, de

méme que leurs implications potentielles dans la prévention des SUDEP.
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REVUE BIBLIOGRAPHIQUE

L'effet de I'administration de caféine sur les crises d’épilepsie a été largement étudié chez
I’animal mais ces études précliniques ont obtenu des résultats parfois contradictoires (7). D’une part
certaines études ont montré que I'administration de caféine semblait pouvoir déclencher des crises
d’épilepsie (13,14). A l'inverse d’autres études suggéraient plutot un role protecteur sur les crises
d’épilepsie et leurs complications chez I'animal (15,16). Plusieurs facteurs pourraient expliquer ces
résultats opposés : la dose, le mode d’administration, et I'age d’exposition. En effet a dose élevée, a
partir de 150 mg/kg, des graphoéléments paroxystiques a type de pointes apparaissent a I'EEG et des
crises généralisées surviennent chez I'animal. A la dose de 300 mg/kg des états de mal épileptiques
ont pu étre déclenchés chez le rat (14). Lors de I'administration d’un agent proconvulsivant, le
pentenyltétrazole (PTZ), on observait chez les animaux prétraités par caféine (100 mg/kg) un
abaissement du seuil épileptogéne par rapport au groupe contréle (pentenyltetrazole seul) (13). Lors
de I'exposition anténatale a des doses modérées de caféine (permettant d’obtenir des concentrations
plasmatiques chez la femelle en cours de gestation équivalentes a celles retrouvées chez les humains
buveurs de 3-4 tasses de café par jour), les rats présentaient une susceptibilité augmentée aux crises
dans les 2 premieres semaines de vie (17,18). En revanche lors de I'exposition néonatale a de plus
faible dose de caféine (15-20 mg/kg) pendant 4 jours le seuil épileptogéne aprés administration de PTZ
était plus élevé par rapport aux rats n’ayant pas recu de caféine (19). Une autre étude montrait des
résultats similaires, chez des rats exposés a des doses de 10 ou 20 mg/kg de caféine pendant 4 jours
lors de leur 2¢ semaine de vie (15,20). Chez les rats adultes, I'administration pendant 14 jours de faibles
doses de caféine (6 mg/kg) permettait de diminuer la durée des crises déclenchées par injection de
PTZ, comparé au groupe contrdle (16). De faibles doses de caféine pourraient aussi prévenir les
complications liées a I'épilepsie. Dans un modéle animal de troubles cognitifs liés a des convulsions a
17 de vie déclenchée par l'injection d’acide kainate, I"administration de caféine a environ 69 mg/kg
pendant 70 jours permettait d’améliorer les performances mnésiques a J90 de vie (21). Chez I'animal
I'effet de la caféine sur I'épilepsie semble donc dose-dépendant avec un effet protecteur a petite dose
et au contraire un effet proconvulsivant lors de I'administration aigue de forte dose de caféine. L'age
d’exposition semble aussi jouer un réle. Il est cependant délicat de transposer ces données animales a
I’'homme. En effet le métabolisme de la caféine est différent selon les espéces et les doses administrées
dans les études précliniques sont bien plus élevées que I'estimation de la consommation moyenne

chez ’'homme (22).
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Les données humaines quant a elles sont peu nombreuses. Plusieurs cas rapportés suggerent un
effet proépileptique de la caféine (7). Un patient épileptique buvant prés de 2L de thé glacé par jour a
en effet décrit une nette amélioration du contréle de ses crises en remplagant son thé glacé habituel
par une boisson décaféinée (23). Des crises inaugurales ont également été observées chez plusieurs
jeunes femmes recevant de la caféine par voie intraveineuse pour un syndrome post ponction
lombaire (24,25). Ces données ont conduit certains auteurs a déconseiller la prise de caféine aux
patients atteints d’épilepsie. Il existe cependant peu d’études de grande ampleur. Parmi celles-ci, une
étude de cohorte prospective, menée chez 116 608 infirmieres agées de 25 a 42 ans a étudié
I’association entre la prise de caféine et le risque de crises d’épilepsie et maladie épileptique (26). Chez
les 105 941 participantes inclues dans I'analyse, le risque de présenter une crise d’épilepsie ou une
épilepsie n’était pas différent chez les infirmiéres consommant plus de 400 mg/j de caféine (soit
environ 3 tasses de café par jour) par rapport a celles consommant moins de 200 mg par jour (crises
d’épilepsie : RR = 0.77 1C95(0.41-1.47) et épilepsie : RR = 0.97 (0.57-1.67)). Dans une autre étude,
menée en Norvege et portant sur 174 patients hospitalisés suite a la survenue d’une crise d’épilepsie,
la consommation de caféine habituelle et le jour précédent la crise était estimée par entretien. Puis
dans un entretien ultérieur (au moins 4 semaines plus tard), la consommation de caféine lors d’une
journée sans crise était recueillie. La consommation de caféine au cours des 24 heures précédent la
crise n’était pas plus élevée que la consommation habituelle (p=0.37) ni que la consommation au cours
d’une journée sans crise (p=0.13). Chez les 121 patients suivis pour une épilepsie, il existait méme au
contraire une tendance (p=0.073) a une consommation moindre de café au cours des 24h précédent
la crise par rapport a la consommation habituelle. Pour les patients suivis pour une épilepsie
généralisée d’origine présumée génétique (22 patients) cette différence était statistiquement
significative (p=0.019). L’effet de I'exposition anténatale a la caféine sur le risque de crises fébriles a
été étudié au sein d’'une cohorte danoise de 26324 nourrissons (27). La consommation de café était
évaluée chez les femmes enceintes a 16 SA par un questionnaire. 391 enfants ont présenté des crises
fébriles. Il n’a pas été montré d’association significative entre la consommation de café maternelle
pendant la grossesse et le risque de crises fébriles chez le nourrisson. Toutes ces études ont néanmoins
qguelques limites. En effet I'exposition au café était généralement recueillie par autoquestionnaire, ce
qui constitue un biais potentiel. De plus la quantification de la consommation de café se faisait
généralement en nombre de tasse ou d’unité par jour or la quantité de caféine contenue dans une
tasse est trés variable selon la taille de la tasse et la méthode de préparation. L'effet exact de la caféine

sur I'épilepsie reste donc encore incertain chez I’humain.

Concernant le lien entre la caféine et les troubles respiratoires, I'administration aigue et chronique

de caféine diminue les apnées chez le rat (28) et est d’ailleurs utilisée pour le traitement des apnées
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chez les prématurés (29). Afin d’étudier I'impact de cet effet dans les SUDEP, Shen et al (30) ont mis
au point un modéle animal de SUDEP en inhibant 2 enzymes métabolisant I'adénosine : I'adénosine
déaminase et I'adénosine kinase. Des crises étaient ensuite déclenchées par I'injection d’acide kainate.
Dans le groupe contréle, I'injection de 35 mg/kg d’acide kainate déclenchaient des crises d’épilepsies
(clonies bilatérales) sans aucun déces au décours, alors que dans le groupe prétraité par inhibiteurs de
I'adenosine deaminase et de I'adenosine kinase, 100% des animaux décédaient dans les suites des
crises d’épilepsie. Les auteurs suggérent donc qu’un déficit de I'élimination de I'adénosine pourrait
étre en cause dans les SUDEP. Dans ce modeéle animal, I'injection de caféine (40 mg/kg) 30 secondes
aprées I"évolution clonique vers une perte du tonus postural et une chute permettait de prolonger le
temps de survie des animaux. Dans un autre modeéle animal de SUDEP (souris DBA2) lié a des
manipulations génétiques, les souris présentent une prédisposition a présenter des crises induites par
le bruit, qui sont suivies par un arrét respiratoire dans 75% des cas (31). L'administration de caféine
(0.5 mg/kg) 30 minutes avant l'induction de crises audiogéniques chez ces souris entrainait une
diminution significative des arréts respiratoires. Malgré ces données, I'impact de la consommation
chronique de caféine sur les dysfonctions respiratoires liées aux crises n’a jamais été étudié en tant

que tel chez les patients souffrant d’épilepsie.
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ABSTRACT

Objective: To assess the relation between coffee consumption and seizure frequency and the risk of

Sudden and Unexpected Death in Epilepsy (SUDEP) in patients with drug-resistant epilepsy.

Methods: Cross-sectional analysis of data collected in the SAVE study, which included patients with
drug resistant focal epilepsy during long-term EEG monitoring. Adult patients in whom both coffee
consumption and data about seizure frequency, including focal to bilateral tonic-clonic seizures
(FBTCS) were available were selected. Coffee consumption was collected using a standardized self-
questionnaire where each included patient indicated her/his usual consumption. Coffee consumption
was further classified into four groups: none, rare (from less than 1 cup/week to up 3 cups/week),
moderate (from 4 cups/week to 3 cups/day) and high (more than 4 cups/day). Risk of SUDEP was

evaluated using the revised SUDEP-7 inventory.

Results: Overall 620 patients were included. There was no relation between coffee consumption and
total seizure frequency (p=0.92). In contrast, we observed a bimodal association between frequency
of FBTCS and coffee consumption (p=0.026). The mean monthly FBTCS frequency was thus 1.01+/-
6.63 in patients who did not report coffee consumption, 1.40 +/- 7.13 in those with rare consumption,
0.48 +/- 1.81 in those with moderate consumption and 4.13 +/- 21.5 in those with high consumption.
No significant association was observed between score of the SUDEP-7 inventory and level of coffee

consumption (p=0.078).

Conclusion: Our data suggest that effect of caffeine on seizures might depend on dose, with potential

benefits at moderate doses but increased FBTCS susceptibility at high doses.
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INTRODUCTION

Caffeine is the most commonly used central nervous system stimulant. It increases arousal, vigilance,
motor activity, information processing and reaction speed (1,2). These effects are mainly related to
blockage of adenosine Al and A2a receptors (1,3). When acting through Al receptors, adenosine is an
inhibitory modulator of neuronal activity. Extracellular adenosine concentrations are increased in the
immediate aftermath of a seizure, suggesting that its release might play a role in seizure termination

through neuronal activity suppression (4,5).

However, the results of preclinical studies which investigated the relation between caffeine
administration and seizure threshold are conflicting. Acute administration of high dose of caffeine can
thus trigger seizures (6,7). However, those very high doses (> 100 mg/kg) do not reflect usual caffeine
consumption, which is estimated to 37-417 mg/day in European adults (8). In contrast, other data
suggested that chronic exposure to lower dose (6-20 mg/kg) of caffeine can protect young and adult
rodents from seizures and their complications, including risk of Sudden and Unexpected Death in
Epilepsy (SUDEP) (9-11). In patients with epilepsy, the relation between caffeine consumption and
seizure frequency remains unclear. Some case reports suggested that coffee, tea or energetic drink

might trigger seizures (1,2). However, large-scale studies are lacking.

Using a cross-sectional analysis of the data collected in a multicenter trial, the aim of the present study
was to assess relation between coffee consumption and seizure frequency, including the frequency of
focal to bilateral tonic-clonic seizures, as well as the risk SUDEP in a large population of patients

suffering from drug-resistant focal epilepsy.

METHODS

The study was performed according to the STROBE guidelines for cross-sectional studies.

1. Study design and patients

The SAVE study is an ongoing multicenter stratified cluster-randomized controlled, parallel group,
open-label trial, focusing on the management of antiepileptic drugs withdrawal during long-term
video-EEG monitoring in patients with drug resistant seizures (NCT02679846). Its inclusion criteria are
(i) patients (age 26 years) with drug-resistant focal epilepsy according to ILAE classification (12) (ii) who

underwent long term monitoring using either video scalp EEG or intracranial EEG recordings.
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In the present study, we selected adult patients (age =18 years) with drug resistant focal epilepsy

included in the SAVE study between 15/02/2016 and 31/10/2018 in whom both coffee consumption

and data about seizure frequency were available. Over this period, a total of 1029 patients were

included in the SAVE study, including 176 children (age <18 years) and 853 adults. Among the 853

adults, data about caffeine consumption and/or seizure frequency were missing in 229 patients and

the epilepsy diagnosis after the long-term video-EEG monitoring was changed from focal epilepsy to

psychogenic non-epileptic seizures in four patients. The 620 remaining patients were included in the

present study.

2. Standard Protocol Approvals, Registrations, and Patient Consents

The SAVE study was approved by ethics committee (CPP Sud Est Il 2014—-852). All patients gave written

informed consent.

3. Data collection

For all included patients, we collected:

(i)

(ii)

(iii)

(iv)

(v)

Age, gender, age at epilepsy onset, epilepsy duration, MRI data and detailed medical
history, including mental status, psychiatric comorbidities and results of Neurological

Disorders Depression Inventory for Epilepsy (NDDI-E)

Ongoing antiepileptic drugs (AEDs) at study inclusion and total score of the Adverse
Event Profile.

Localization of the epileptogenic zone according to the combined results of all
presurgical investigations.

Monthly frequency of focal seizures during the three months preceding study inclusion
and the total number of bilateral tonic-clonic seizures (FBTCS) over the last 12 months.
Considering both the proportion of patients who did not report any FBTCS and the
relation between number of FBTCS per year and risk of SUDEP that was previously
reported (13), the number of FBTCS over the past 12 months were further classified
into three groups: none, 1-3 FBTCS and > 3 FBTCS.

Coffee consumption was collected using a standardized self-questionnaire where each
included patient indicated her/his usual consumption as the following: no

consumption, less than 1 cup/week, between 1 et 3 cups/week, between 4 et 6
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cups/week, between 1 et 3 cups/day, between 4 et 6 cups/day and more than 6
cups/day. Usual coffee consumption was further classified into four groups: none, rare
(from less than 1 cup/week to up 3 cups/week), moderate (from 4 cups/week to 3
cups/day) and high (more than 4 cups/day). Habits regarding caffeine consumption in
the evening were also collected as the following: never, in a minority of days with
caffeine intake, in a majority of days with caffeine intake and every evening.

(vi) Risk of SUDEP was evaluated using the revised SUDEP-7 inventory (14), which take into
account the number of FBTCS over the past 12 months, the total number of seizures,

the number of AEDs, the duration of epilepsy and mental retardation.

4. Statistical analyses

a. Factors associated with monthly frequency of all seizure types

The association between monthly frequency of all seizure types and patients’ clinical characteristics
(i.e patients’ gender and age, epilepsy duration, localization of the seizure focus, number of ongoing
AED), usual coffee consumption (none, rare, moderate or high) and NDDI-E score was first assessed
with Spearman’s rank correlation, Mann-Whitney U test or Kruskall Wallis test, when appropriate.
Interactions between monthly frequency of all seizure types and significant predictors at p<0.1 in
univariate analyses were then further assessed using rank regression. This approach was chosen
because the distribution of the monthly frequency of all seizure types was not normal and included

several outliers (15). A p-value of <0.05 was considered statistically significant.

b. Factors associated with occurrence of FBTCS over the past 12 months
Two parallel approaches were used:

(i) The association between the monthly frequency of FBTCS over the past 12 months and
patients’ clinical characteristics, usual coffee consumption and NDDI-E score was assessed
using the same method as the one described above for the monthly frequency of all
seizures types, including the rank transformation of the dependant variable in the
multivariate analysis. Considering the effect of caffeine consumption on topiramate or
carbamazepine levels that was previously reported in the literature (1), we also
investigated the relation between coffee consumption, number of FBTCS and use of these

AEDs at study inclusion.
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(ii) Differences between FBTCS groups (none, 1-3 or > 3 per year) regarding patients’ clinical
characteristics, usual coffee consumption and NDDI-E score were investigated using chi-
square test or Kruskall Wallis test, where appropriate. Significant variables at p<0.1 in
univariate analyses were then further assessed using multinomial logistic regression. A p-

value of <0.05 was considered statistically significant.

c. Relation between the SUDEP-7 inventory score and the usual coffee

consumption

This relation was analysed using Kruskall Wallis test. A p-value of <0.05 was considered statistically

significant.

All statistical analyses were performed with SPSS version 22 software (SPSS Inc., Chicago, IL).

5. Data Availability Statement

Anonymized data will be shared on request from any qualified investigator.

RESULTS

1. Patients’ characteristics

The 620 patients included 334 women (54%) and had a mean age of 33.1 years [range 22-57] and a
mean duration of epilepsy of 18.6 years. Overall, 217 patients (35%) reported at least one FBTCS in the
past year, including 60 with 1 to 3 FBTCS per year (10%) and 157 with >3 FBTCS per year (25%). In
patients with at least one FBTCS in the past year, the median FBTCS frequency was 1.0 per month
(Interquartile range (IR) 1.75). Patients received a median number of 2.0 AEDs at study inclusion
(Interquartile range 1.0). Six patients were off treatment at study inclusion. As shown in supplementary
table e-1, AEDs combinations were highly variable across patients. The most frequently used AEDs
were lamotrigine (n=226 patients), levetiracetam (214) and lacosamide (n=197). The total score of the
adverse event profile of AEDs was available for 537 patients and the mean score was +/- SD was 42.7
+/- 11. NDDI-E score was available in 563 patients. The mean +/- SD score was 12.2 +/- 4.3, with 163

patients having a score > 15. Localization of the epileptogenic zone could be determined in 370 patients
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(60%) and was temporal in 277 (74.9%), frontal in 62 (16.8%), parietal in 11 (3%), occipital in 4 (1.1%)

and perisylvian in 16 (4.3%).

Overall, 194 patients (31.3%) reported no coffee consumption, 40 (6.5%) less than 1 cup/week, 109
(17.6%) between 1 and 3 cups/week, 56 (9 %) between 4 and 6 cups/week, 121 (19.5%) between 1
and 3 cups/day, 71 (11.5%) between 4 and 6 cups/day and 29 (4.7%) more than 6 cups/day.
Accordingly, usual coffee consumption was rare in 149 patients (24%), moderate in 100 (16.1%) and
high in 177 (28.5%). Information about coffee intake in the evening was available for 574 patients. 385
(67%) of them indicated that they never consumed coffee in the evening whereas 130 (23%) reported
evening intake in a minority of days, 22 (4%) in a majority of days, and 37 (6%) every evening. No
relation between coffee consumption and the total score of the adverse event profile of AEDs was

observed (p=0.168).

The revised SUDEP-7 inventory score was available in 607 patients with a median score of 3.0 (IR 2.0).

2. Relation between usual coffee consumption and monthly frequency of all seizure

types

We did not identify factor associated with monthly frequency of all seizure types (table 1). Specifically,
there was no relation between coffee consumption and seizure frequency of any type. Mean monthly
seizure frequency for all seizure types +/- SD was 17.8 +/- 34.7 for patients without any coffee
consumption, 14 +/- 23.6 for those with rare coffee consumption, 27.4 +/- 123.7 for those with
moderate coffee consumption and 16.4 +/- 39.8 for those with high coffee consumption (p=0.92). No
relation was observed between frequency of coffee intake in the evening and the monthly frequency

of all seizure types.

3. Relation between usual coffee consumption and number of FBTCS

In univariate analyses, the monthly frequency of FBTCS over the past 12 months was associated with
patients’ age (p=0.015) and use of carbamazepine (p=0.001). The FBTCS rate thus decreased with
patients’ age and was lower in patients whose ongoing AE treatment included carbamazepine. The
monthly frequency of FBTCS was also associated with usual coffee consumption (p=0.018), with lowest

FBTCS rate observed in patients with moderate coffee consumption and the highest in those high
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consumption. The monthly frequency of FBTCS was thus 1.01+/- 6.63 in patients who did not report
coffee consumption, 1.40 +/- 7.13 in those with rare consumption (n=149), 0.48 +/- 1.81 in those with
moderate consumption (n=176) and 4.13 +/- 21.5 in those with high consumption. The association
between the monthly frequency of FBTCS and use of carbamazepine (p=0.018) and usual coffee
consumption (p=0.026) was confirmed in multivariate analysis. No relation was observed between

frequency of coffee intake in the evening and the monthly frequency of FBTCS.

To further analyse the relation between FBTCS and coffee consumption, the number of FBTCS over the
past 12 months were classified into three groups (i.e none, 1-3 or > 3, table 2). The three FBTCS groups
significantly differed in terms of current use of carbamazepine and usual coffee consumption (0.011
and 0.046 using multinomial logistic regression, respectively). Patients with moderate coffee
consumption reported no FBTS (73%) more frequently than patients with other classes of coffee intake
(table 2). In comparison with patients with moderate coffee consumption, those with rare
consumption demonstrated a trend toward a greater risk of reporting 1-3 FBTCS (Odds-ratio (95%
confidence interval) 2.07 (0.97-4.36), p=0.06) whereas those with high coffee consumption showed 2
fold greater risk of reporting > 3 FBTCS (OR (95% Cl) 1.96 (1.09-3.53), p=0.025) (Table 3). No difference

was observed between moderate consumption and no coffee intake (Table 2 and 3).

4. Relation between usual coffee consumption and SUDEP-7 inventory score

Despite a slightly greater SUDEP-7 inventory score in patients with high coffee consumption (3.51 +/-
1.84) than in others (2.97 +/- 1.47 for no coffee intake, 3.14+/- 1.56 for rare coffee consumption and
3.12 +/- 1.57 for moderate), no significant association was observed between score of the SUDEP-7

inventory and caffeine consumption (p=0.078).

DISCUSSION

Using cross-sectional analysis of data collected in patients with drug resistant focal epilepsy
undergoing long-term video-EEG monitoring, we found a significant association between coffee
consumption and FBTCS frequency. This association varies according to the amount of coffee intake.
Patients with moderate coffee consumption reported lower rate of FBTCS than those with high coffee

consumption. In contrast, there was no relation between coffee consumption and monthly frequency
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of all seizure types. No significant association was observed between score of the SUDEP-7 inventory

and level of coffee consumption.

Our study suffered from several limitations. Firstly, the intake of coffee was based on self-
guestionnaire, which is sensitive to recall and response biases. Secondly, we evaluated coffee
consumption which approximated the true caffeine intake. Other sources of caffeine, including tea and
energizing drinks, have not been considered. However, caffeine content in these beverages remains
low compared to coffee (16,17). Coffee consumption was measured as number of cups per day or
week. This method did not take into account the size of cup and, most importantly, the concentration
of caffeine is highly variable across coffee preparation. A study thus reported variations of caffeine
content from 29 to 176 mg per cup (16). In addition, we could not exclude that some patients reported
coffee consumption without excluding use of decaffeinated coffee, especially in patients who indicated

coffee intake in the evening.

Our results are consistent with preclinical data which showed that chronic exposure of low doses (6 to
20 mg/kg) of caffeine decreased seizure susceptibility in young and adult rodents (10,18,19). In
humans, data about the link between epilepsy and caffeine intake are limited. In a case report, a
patient with newly-diagnosed epilepsy reported drastic amelioration of seizure frequency when he
stopped drinking 2L of ice tea per day (20). Inaugural seizures have also been reported in young non
epileptic women receiving oral or intravenous caffeine for post-lumbar puncture syndrome (21-23).
Based on available data, some authors have advised against coffee consumption in patients with
epilepsy. While our results also suggest that caffeine might favour the occurrence of FBTCS at high
dose (more than 4 cups a day), moderate consumption might have a protective effect. Among the few
large-scale studies that have investigated the link between epilepsy and coffee, two also showed
reassuring findings. An observational study of 174 patients hospitalized for epileptic seizures evaluated
caffeine consumption on days with seizures compared with seizures free days (24). No difference was
found between the caffeine intake 24 h prior to the seizure and the habitual consumption or the
consumption on a seizure-free day. However, in the 121 patients diagnosed with epilepsy, there was
a trend towards less caffeine ingestion prior to seizures as compared to the habitual intake. Another
prospective study examined the association between caffeine intake and risk of seizure or epilepsy
among women registered nurses (25). Among 105 941 participants, long-term average intake of 400

mg of caffeine/day compared with <200 mg/day was not associated with greater risk of seizures or
epilepsy.
Pathophysiological mechanisms potentially underlying the effect of caffeine on seizures remain

unclear, especially when considering opposite effects of acute and chronic administrations. Many
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studies have demonstrated that chronic exposure to caffeine leads to an upregulation of adenosine Al
receptor, possibly providing decreased neuronal excitability (26,27). It has also been shown that
chronic oral caffeine consumption, as well as acute caffeine injection in rats increase plasma adenosine
concentration suggesting a receptor-mediated regulation of the plasma adenosine concentration (28).
Although this hypothesis remains speculative, the caffeine consumption-related plasticity of the
adenosine pathway might also play a role in limitation of seizure propagation, underlying our
observation that moderate coffee consumption did not modulate the monthly frequency of all seizure
types but was associated with decreased rate of FBTCS only. However, the very own effect of caffeine
can be difficult to appreciate since caffeine intake is sometimes associated with other seizure
precipitants as it may cause impaired sleep and emotional tension (1,24). In addition, we could not
exclude a confounding effect of AED. Greater FBTCS rate is usually associated with more AED burden
which could result in more side effects such as fatigue possibly leading to more coffee consumption.
On the other hand, we did not observed relation neither between number of ongoing AEDs and coffee

consumption nor between the Adverse Event Profile total score and coffee consumption.

We did not identify significant relation between the revised SUDEP-7 inventory score and coffee
consumption.. However, the informative value of the revised SUDEP-7 inventory score remains
controversial (14). In addition, if the present study suggest that coffee consumption reduces FBTCS, it
should not have any effect on the other risk factors of SUDEP constituting the SUDEP-7 inventory.
Interestingly, adenosine is also involved in the control of autonomic function and can alter
cardiovascular and respiratory functions through increased activation of brainstem adenosine
receptors (29). In a mouse model for SUDEP, it has been found that survival time was increased with
caffeine administration after seizure, suggesting that seizure-related adenosine release might have a
deleterious effect on respiratory function (30). Whether or not coffee consumption might interfere
with ictal/post-ictal respiratory dysfunction remains unknown in patients. Prospective epidemiological

data about relation of coffee consumption and incidence SUDEP are required.

CONCLUSION

As observed in animal models of epilepsy, our data suggest that effect of caffeine on seizures might
depend on dose, with potential benefits on frequency of FBTCS at moderate doses but increased risk
at high doses (4 cups per day or more). Prospective studies are needed to confirm those results with a

rigorous collection of caffeinated beverage quantities by patients.
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Table 1. Factors associated with monthly frequency of FBTCS and of all types of seizures

CBZ: Carbamazepine, ESL: acetate d’eslicarbazepine, LCS: lacosamide; LEV: levetiracetam, LTG:

lamotrigine, OXC: oxcarbazepine; PER: perampanel;, TPM: topiramate; VPA: valproic acid; ZNS:

zonisamide
Monthly frequency of FBTCS Monthly frequency of all types of
seizure
P value P value P value P value
(univariate (multivariate
. . (univariate (multivariate
analysis) analysis)
analysis) analysis)

Age 0,015 0,077 0,878

Gender 0,303 0,896

Age at epilepsy onset 0,776 0,379

Epilepsy duration 0,061 0.377 0,272

Number of ongoing 0,361 0,014 0.109
AEDs

Current use of CBZ 0.001 0.018 0.037 0.126
Current use of TPM 0.677 0.180

Seizure focus 0,497 0,026 0.098
Coffee consumption 0,018 0.026 0,92

NDDIE 0,669 0,786
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Table 2. Factors associated with annual number of FBTCS. AED = Antiepileptic drug

No 1to3 >3 P value P value
FBTCS FBTCS FBTCS (univariate)
(multivariate)
Age (years) 36.8 354+ 33.7+ 0,07 0,054
12.4 10.2 10.6
Gender 0,221
Male 177 33 (11%) | 76 (27%)
(62%)
Female 226 27 (8%) | 81 (24%)
(68%)
Age at epilepsy onset 18.2 + 18.3+9.8 18.1+ 0,83
11.8 11.2
Epilepsy duration 183+ 16.8 + 154 + 0,171
12.3 10.4 12.4
Numbers of AEDs 0,314
0| 9(75%) | 0(0%) 3 (25%)
1|46 (64%) | 7(10%) | 19 (26%)
2 160 33 (12%) | 71 (27%)
(61%)
3 or more 186 20 (7%) | 63 (23%)
(69%)
Current use of CBZ 110 9 (6%) 25 (17%) 0.005 0.011
(76%)
Current use of TPM 36 (64%) 3 (6%) 17 (30%) 0.405
Localization of the 0,155
epileptogenic zone
Temporal 186 25 (9%) | 66 (24%)
(67%)
Frontal | 38 (61%) | 8(13%) | 16 (26%)
Parietal | 5 (46%) 1(9%) 5 (46%)
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Occipital | 2 (50%) 2 (50%) 0
Insular | 13 (81%) 0 (0%) 3 (19%)
Unknown 159 24 (10%) | 67 (27%)
(63%)
Coffee consumption 0,022 0,046
none 125 13 (7%) | 56 (29%)
(64%)
rare | 92 (62%) | 20 (13%) | 37 (25%)
moderate 130 13 (7%) | 34 (19%)
(73%)
high | 56 (56%) | 14 (14%) | 30 (30%)
NDDIE 12.2 11.3+4.0 125+ 0,154
4.9 4.5
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Table 3. Relation between annual number of FBTCS and coffee consumption (multinomial logistic
regression)

No FBTCS 1 to 3 FBTCS per year >3 FBTCS / year
OR(95%Cl) i pvalue | OR(95%Cl) ipvalue| OR(95%Cl) | T
i ! i value
< None - L 0.90 (0.39;2.06) | 0.804 | 1.42(0.85;2.36) | 0.177
B ! i i
3 Rare - P - 2.06 (0.97;4.36) | 0.06 | 1.44(0..84;2.49) | 0.185
2 | | |
S Moderate - b - L i |
® i ! i
5 High - - 2.40 (1.05;5.44) | 0.037 | 1.96(1.09;3.54) | 0.025
(&) | | |
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Supplemental table e-1: Ongoing antiepileptic drugs

Patients
n %
Lamotrigine 226 @ 36%
Levetiracetam 214 - 35%
Lacosamide 197 © 32%
Carbamazepine 144 23%
Perampanel 117 19%
Clobazam 110 | 18%
Zonisamide 99  16%
Eslicarbazepine acetate 84  14%
Valproic acid 78 1 13%
Oxcarbazepine 63 : 10%
Topiramate 56 9%
Clonazepam 23 4%
Phenobarbital 23 . 4%
Pregabalin 16 3%
Phenytoin 7 1%
Vagabatrin 4 1%
Diazepam 3 0%
Gabapentin 3 0%
Briveracetam 1 0%
Ethosuximide 1 0%
Felbamate 1 0%
Primidone 1 0%
Retigabine 1 0%
Rufinamide 1 0%
Tigabine 1 0%
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ABSTRACT

Importance: Caffeine is an antagonist of adenosine pathway which is involved in regulation of
breathing. Extracellular concentrations of adenosine are increased in the immediate aftermath of a
seizure. Seizure-related overstimulation of adenosine receptors might promote peri-ictal apnea.

Whether or not caffeine decreases risk of seizure-related respiratory dysfunction remains unknown.

Objective: To determine the relation between coffee consumption and seizure-related respiratory

dysfunction.

Design and setting: Cross-sectional analysis of data collected in patients included in the SAVE study,

which is a multicentre cluster-randomised open-label trial, focusing on the management of

antiepileptic drugs withdrawal during video-EEG monitoring.

Participants: 90 patients with drug-resistant focal epilepsy with (i) 2 1 recorded seizure during the
video-EEG monitoring with valid pulse oximetry (SpO;) measurement at seizure onset and (ii) available
data about coffee consumption, included in Lyon’s epilepsy monitoring unit between February 2016

and October 2018.

Exposure: Coffee consumption was collected using a standardized self-questionnaire where each
recruited patient indicated her/his usual consumption. Coffee consumption was further classified into
four groups: none, rare (< 3 cups/week), moderate (4 cups/week to 3 cups/day) and high (> 4

cups/day).

Main outcome and measure: Peri-ictal hypoxemia (PIH) was defined as SpO, <90% during at least 5

seconds occurring either during the ictal period, the post-ictal period or both. Evolution of the SpO,
was assessed during the 3 minutes preceding the seizure onset, during the seizure and up to 10

minutes after the end of the seizure.

Results: 323 seizures were analyzed. Both the level of coffee consumption (p=0.001) and the
localization of the epileptogenic zone (p=0.013) were independent risk factors for occurrence of PIH.
In comparison with focal seizures (FS) in patients with no coffee consumption, risk of PIH was five times
lower in FSin patients with moderate consumption (OR 0.18 (95% Cl 0.06-0.54; p=0.007)) and ten times
lower in FS in patients with high coffee consumption (OR 0.09 (95% CI 0.03-0.34; p<0.001).

Conclusions and relevance: Coffee consumption decreased the risk of occurrence of seizure-related

respiratory dysfunction, with a dose dependent effect. Relation between this observation and risk of

sudden unexpected death in epilepsy will require specific investigations.

37

BOURGEOIS
(CC BY-NC-ND 2.0)



INTRODUCTION

Caffeine is one of the most frequently used stimulants of the central nervous system. It acts through
interaction with adenosine, which binding to high affinity G protein—coupled receptors results in
inhibitory modulation of neuronal activity 1. Caffeine is thus an antagonist of adenosine A1 and A2a
receptors and its neurobiological action is associated with increased arousal, vigilance and motor
activity . Adenosine pathway is also involved in regulation of breathing . Microinjection of adenosine
analogs into the brainstem of cats induced a dose-related reduction in tidal volume, up to apnea at the
highest dose 2, whereas both acute and chronic caffeine administration reduced apnea frequency in
rodent 3. Caffeine is thus widely used to treat apneas in preterm infants >.

In patients with drug-resistant focal epilepsy, transient oxygen desaturation <90%, primarily resulting
from ictal and/or post-ictal central apnea, occurs in 33% of strictly focal seizures®’ (FS) and in up to
84% of focal to bilateral tonic seizures® (FBTCS). Transient seizure-related dysfunction are more
frequent in seizures of temporal lobe origin '8, suggesting a relation with ictal involvement of cortical
areas that participate in respiratory control * ., However, as reported in patients who died from
sudden and unexpected death in epilepsy (SUDEP) 1}, a relation with the alterations of the molecular
pathways involved in breathing control within the medulla has also been suggested *2.
Extracellular concentrations of adenosine are increased in the immediate aftermath of a seizure >4,
According to the role of adenosine in breathing regulation, seizure-related overstimulation of
adenosine receptors could participate to peri-ictal respiratory dysfunction. In pre-clinical models,
administration of adenosine receptor antagonist, including caffeine, protected from seizure-induced
respiratory arrest 5717,

However, whether or not chronic coffee consumption decreases risk of seizure-related respiratory
dysfunction has not formally been evaluated yet. Using a cross-sectional analysis of data collected in
an ongoing prospective study in patients with drug-resistant focal epilepsy undergoing long-term
video-EEG monitoring, we assessed the relation between the usual coffee consumption and the risk of

developing peri-ictal hypoxemia.

METHODS

The study was performed according to the STROBE guidelines for cross-sectional studies

(supplementary text S1).

1. Patients
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The SAVE study is an ongoing multicenter cluster-randomized controlled parallel group open-label trial
focusing on the management of antiepileptic drugs withdrawal during long-term video-EEG monitoring
in patients with drug resistant seizures (NCT02679846). Its inclusion criteria are (i) patients (age =6
years) with drug-resistant focal epilepsy according to ILAE classification *° (ii) who undergo long term
monitoring using either video scalp EEG or intracranial EEG recordings. For all included patients, we
collect demographic, detailed clinical, MRI and inter-ictal EEG data. In some centers, we also collect

raw data of all recorded seizures, which include EEG, video, pulse oximetry and EKG.

In the present study, we selected adult patients (age =16 years) with drug resistant focal epilepsy
included in the SAVE study between 15/02/2016 and 31/10/2018 at Lyon’s University Hospital
according to the following criteria: (i) > 1 recorded seizure during the long term monitoring ; (ii)
available data about coffee consumption ; (iii) valid pulse oximetry (SpO;) measurement at seizure

onset in > 1 recorded seizure.

Over this period, 156 patients were included. Among them, 27 did not present any seizure during long-
term video-EEG and 21 did not report their coffee consumption. Among the 108 remaining patients,
valid SpO, measurement at seizure onset was available in at least one of the recorded seizures in 90

who were included in the present study.

2. Standard Protocol Approvals, Registrations, and Patient Consents

The SAVE study was approved by ethics committee (CPP Sud Est Il 2014-852). Every patient gave its

written informed consent to participate.

3. Data collection

For each patient:

(i) Age, gender, age at epilepsy onset, epilepsy duration, seizure frequency before
admission in the epilepsy monitoring unit, MRI data and results of non-systematic
complementary investigations performed to better localize the epileptogenic zone

(ii) Final conclusion about the localization of the epileptogenic zone.

(iii) Coffee consumption was collected using a standardized self-questionnaire where each
included patient indicated her/his usual consumption as the following: no
consumption. less than 1 cup/week. between 1 and 3 cups/week. between 4 and 6

cups/week. between 1 and 3 cups/day. between 4 and 6 cups/day and more than 6
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cups/day. Usual coffee consumption was further classified into four groups: none. rare
(from less than 1 cup/week to up 3 cups/week). moderate (from 4 cups/week to 3
cups/day) and high (more than 4 cups/day). Habits regarding caffeine consumption in
the evening were also collected as the following: never. in a minority of days with

caffeine intake. in a majority of days with caffeine intake and every evening.

For each seizure:
(i) State of wakefulness before seizure onset (awake/asleep) and sleep stage before
seizure onset
(ii) Seizure type: FS or FBTCS

(iii) Seizure duration

4. Analysis of SpO; and EKG data

Characteristics of pulse oximetry

As described previously®’, pulse oximetry was assessed using Xpod pulse oximeter (Nonin Medical Inc,
Plymouth, MI, USA) connected to the video-EEG acquisition system (Micromed video-EEG acquisition
system, Treviso, ltaly). EKG was acquired with two precordial electrocardiographic electrodes

connected to the video-EEG acquisition system

Quality of Sp0O, and EKG data

For each seizure, we simultaneously analyzed the SpO, value every second and all relevant information
regarding the quality of SpO., recording provided by the video. SpO, values were considered
informative only if the attachment of the oximetry sensor on patient’s finger could be verified. A similar

approach was applied to identify seizures with informative EKG data.

Evolution of SpO, during the course of the seizure and in the post-ictal period

We assessed the evolution of the SpO, during the 3 minutes preceding the seizure onset, during the
seizure and up to 10 minutes after the end of the seizure. Peri-ictal hypoxemia (PIH) was defined as
Sp0, <90% during at least 5 seconds occurring either during the ictal period, the post-ictal period or
both. The nadir of the SpO,, its delay with respect to the end of the seizure and the total duration of

the hypoxemia (i.e period with SpO2 < 90%) were also collected.
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Evolution of heart rate during the course of the seizure

We extracted 10 minutes of EKG signal recorded before, during and after the seizure. Each seizure

onset-offset were visually identified and marked.

In order to perform a beat-to-beat analysis of the RR intervals, EKG signals were subjected to peak-to-
peak analysis to detect QRS complex (R waves) using a dedicated Matlab® routine (MathWorks,
Naticks, MA, USA)?. Initial automatized extraction of EKG data was subsequently checked by visual
inspection. Undetected QRS, ectopic beats or artifacts were manually corrected. If several consecutive

beats could not be corrected, the recording was not used for subsequent analysis.

Tachycardia was detected if the RR interval during the seizure remained below a threshold defined
over a baseline period (20 seconds before seizure onset) for at least 25% of all RR intervals collected
during the seizure. The tachycardia threshold was defined for each seizure as an RR interval below the
median of the baseline minus baseline standard deviation. The same approach was used to identify

bradycardia, with threshold defined as 25% increase of RR interval.

5. Data availability statement
All anonymized data, including EEG, SpO, and EKG data, will be shared by request from any qualified

investigator.

6. Statistical analysis

Primary outcome

The primary outcome was the occurrence of PIH during FS.

Association between occurrence of PIH and person- or seizure- specific variables was assessed with

chi-square, or Mann-Whitney U or Kruskall-Wallis test where appropriate.

A generalized estimating equation model for a repeated measures logistic regression was then used to
determine which variables were independently associated with occurrence of PIH after correction for
individual effects and the varying number of seizures contributed by each person. Only significant
predictors at p <0.1 in univariate analyses were kept in the final model, with a level of significance at

p < 0.05.
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The same approach was applied in a sensitivity analysis where both FS and FBTCS were included in the

dataset.

Secondary outcomes

The secondary outcomes were SpO2 nadir, duration of the hypoxemia during FS with PIH and

occurrence of ictal tachycardia or ictal bradycardia.

The same approach as the one described above for analysis of occurrence of PIH was applied to assess
the association between occurrence of ictal tachycardia/bradycardia and person- or seizure- specific

variables.

Association between SpO2 nadir or duration of hypoxemia and person- or seizure- specific variables
was assessed Mann-Whitney U test, Kruskall-Wallis test or Spearman correlation where appropriate.
A generalized estimating equation model for a repeated measures linear regression was then used to
determine which variables were independently associated with SpO2 nadir or duration of hypoxemia
after correction for individual effects and the varying number of seizures contributed by each person.
Only significant predictors at p <0.1 in univariate analyses were kept in the final model, with a level of

significance at p < 0.05.

All statistical analyses were performed with SPSS version 22 software (SPSS Inc., Chicago, IL).

RESULTS

1. Characteristics of patients and seizures

Patients’ characteristics are detailed in table 1. Fifty-one men (57%) and 39 women (43%) with a mean
1 SD duration of epilepsy of 18.8 £ 11.4 years were included. The localization of the epileptogenic zone

could be determined in 86 patients (96%), including 51 (57%) with temporal lobe epilepsy.

A total of 323 seizures were collected, including 317 FS and 6 FBTCS. Valid ictal recordings of EKG were
available in 154 FS (n=54 patients). The mean = SD duration of seizures was 57.8 + 82.7 seconds.
Oxygen was administered during the seizure or within the first five seconds after seizure termination

in two of the six FBTCS but in none of FS.

Overall, 18 patients (20%) reported no coffee consumption, 7 (8%) less than 1 cup/week, 14 (16%)

between 1 and 3 cups/week, 12 (13%), between 4 and 6 cups/week, 25 (28%) between 1 and 3
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cups/day, 10 (11%) between 4 and 6 cups/day and 4 (4%) more than 6 cups/day. Accordingly, usual
coffee consumption was rare in 21 patients (23%), moderate in 37 (41%) and high in 14 (16%). A shown
in supplemental table S1, at patient level, only age of patients significantly differed between groups of
coffee consumption (p=0.036), with patients among reporting high coffee consumption being older
(38.4 + 7.9 years) than among those who never take coffee (28.9 + 6.7 years). At seizure level
(supplemental table S2), we observed a significant association between usual coffee consumption and
sleep occurrence of seizure (p<0.001), duration of seizures (p=0.017) as well as localization (p=0.01)
and lateralization (p=0.001) of the epileptogenic zone. In comparison with seizures in patients with no
or rare coffee consumption, seizures in those with moderate and high consumption occurred more
frequently during sleep (45% and 35% versus 24% and 11%) and were more frequently of extra-
temporal lobe origin (66% and 65% versus 54% and 43%). Furthermore, seizure duration was shorter
in patients who reported rare coffee consumption (48.6 + 60.8 seconds) than in those with no (74.8 +

96.2 seconds), moderate (58.8 + 93.7 seconds) or high (69.7 + 67.1 seconds) consumption.

2. Relation between coffee consumption and occurrence and severity of PIH

PIH occurred in 68 seizures (21%), including 64 of the 317 FS (20%) and four of the six FBTCS (66%).
The SpO2 nadir + SD was 80.0% + 8.8% in FS and 72.3% + 11.4% in FTBCS. Hypoxemia onset was
observed during the course of the seizure in 38FS (59%). The SpO2 nadir occurred in the post-ictal
period in 37 FS (58%). Because SpO2 sensor was removed by the patient before recovery of Sp0O2 >
90% in 7 FS, the total duration of PIH could be reliably assessed in only 57 of the 64 FS with PIH. In

these latter, the median duration of PIH was 46 seconds [range 5-274].

In univariate analyses (table 2), occurrence of PIH during FS was significantly associated with longer
duration of seizures (p<0.001), coffee consumption (p<0.001) and temporal localization of the
epileptogenic zone (p<0.001). Specifically, PIH occurred in 42% of FS in patients who reported no coffee
consumption, but in 22%, 16% and 8% of FS in those with rare, moderate and high consumption,
respectively (figure 1). In contrast, no relation was observed between occurrence of PIH and coffee

consumption in the evening.

In multivariate analyses, both the level of coffee consumption (p=0.001) and the localization of the
epileptogenic zone (p=0.013) remained independent risk factors for occurrence of PIH (table 2). Risk
of PIH was significantly greater in FS of temporal lobe origin than in those arising from other lobes
(Odds ratio (95% confidence interval) 3.53 (1.30-9.57); p=0.013). In comparison with FS in patients with
no coffee consumption, risk of PIH was about three times lower in patients with rare consumption (OR

0.34 (95% C1 0.12-0.96; p=0.041), five times lower in those with moderate consumption (OR 0.18 (95%
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Cl1 0.06-0.54; p=0.007)) and ten times lower when coffee consumption was high (OR 0.09 (95% CI 0.03-
0.34; p<0.001). Risk of PIH was also significantly greater in FS of patients with rare consumption than
in those with high consumption (OR 3.62 (95% Cl 1.01-13.01; p=0.049). No difference was observed
between moderate and high consumption (OR 1.91 (95% CI 0.59-7.33; p=0.348). The results remained

similar when analyses were reprocessed with inclusion of both FS and FBTCS (supplementary table S3).

In FS with PIH, no association between coffee consumption and SpO2 nadir was observed (table 3). In
contrast, the duration of PIH increased with seizure duration (p=0.007) whereas PIH of shorter duration
were observed in patients who did not report coffee consumption (30.5 + 31.1 seconds) in comparison
with those with rare (64.1 + 60.1 seconds) and moderate or high consumption (95.9 + 86.8 seconds)

(p=0.036) (table 3).

3. Relation between coffee consumption and the heart rate

Ictal tachycardia was observed in 87 of the 154 FS (56%) with valid EKG data. No ictal bradycardia was

observed.

As shown in table 4, there was no relation between coffee consumption and occurrence of ictal
tachycardia. Risk of ictal tachycardia was significantly increased in seizures of temporal lobe origin in
comparison with extra-temporal lobe epilepsy (OR 2.85, 95% ClI 1.02-7.93; p=0.045) and in left-sided
epileptogenic zones in comparison with those bilateral (OR 0.24, 95% Cl 0.08-0.74; p=0.013).

DISCUSSION

Risk of PIH is mostly associated with generalized convulsive seizures & ! and temporal lobe epilepsy ’
&8 However, a relation with molecular pathways involved in the regulation of breathing has also been

reported, especially serotonin 1% 22 23

, in line with data reporting alteration of these neuronal groups
in the medulla of patients who died from SUDEP 1. Using cross-sectional analysis of data collected in
patients suffering from drug resistant focal epilepsy undergoing long-term EEG monitoring, we found
a significant association between risk of PIH and coffee consumption. Specifically, we observed that

coffee consumption prevented PIH, with a dose dependent effect.

Adenosine plays a key role in breathing regulation®. Adenosine signaling through A1 receptors inhibits
chemosensitive neurons in the brainstem 2223, Microinjection of adenosine analogs into the brainstem

of cats induced a dose-related reduction in tidal volume and apnea? whereas both acute and chronic
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caffeine administration reduced apnea frequency in rodents®. Furthermore, chronic caffeine
administration alters the density of adenosine receptors in various brain regions in rodents %4,
suggesting a long-term effect of caffeine on the adenosine pathway which might underlie the
preventive effect of coffee consumption on seizure-related overstimulation of adenosine receptors in

brain regions involved in breathing control.

However, the relation between coffee consumption and seizure-related respiratory dysfunction might
be more complex. When PIH occurred, its duration increased with coffee consumption. A recent
preclinical study showed that acute administration of caffeine exacerbated tissue postictal hypoxia in
the brain, because of a vasoconstrictive effect through A2 receptors antagonization 2. Most
importantly, the relation between caffeine and occurrence of seizures remains unclear. Acute

27,28 whereas chronic exposure to lower

administration of high dose of caffeine can trigger seizures
dose protects young and adult rodents ¢ 2%39 |n patients with epilepsy, case reports suggested that
coffee consumption might trigger seizures ** whereas other studies reported a dose-dependent effect,

with potential benefits at moderate doses but increased FBTCS susceptibility at high doses 3.

Our study suffered from several limitations. Coffee consumption was based on self-questionnaire
sensitive to recall and response biases. The true caffeine intake could only be approximated. The
amount of caffeine is extremely variable depending on the size cup and preparation methods*? and
caffeine content of tea or energy drink®* 33 was not taken into account. Finally, we could not exclude
that some patients reported coffee consumption without excluding use of decaffeinated coffee. 3% 33
Respiratory monitoring was limited to measurement of SpO,. Thanks to detailed video review, the risk
that some SpO, decreases were related to pulse oximeter artifacts remained low. However, in absence
of plethysmography, occurrence of apnea could not be assessed. Furthermore, considering the factors
that regulate pulse oximetry, we could not exclude that the SpO, evolution reflected cardio-vascular

effects or neurovegetative effects of seizures and/or caffeine, resulting in peripheral vasoconstriction

rather than respiratory effects.

Given the potential links between the mechanisms of transient peri-ictal central apnoea and
presumptive mechanism of post-ictal fatal apnoea that leads to SUDEP 34, treatment strategies aiming
at reducing the occurrence and severity of postictal respiratory dysfunction has been suggested as one
of the most promising way to prevent SUDEP 3. In pre-clinical models of SUDEP, administration of
adenosine receptor antagonist, including caffeine, protected from seizure-induced respiratory arrest
15717 '|In addition, seizure-related overstimulation of adenosine receptors could also contribute to

SUDEP through effect on arousal. However, the exact relation between coffee consumption and long-

term risk of SUDEP remains unknown and will require dedicated prospective studies. Importantly, it
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will be important to balance the potential benefit of caffeine of seizure-related respiratory dysfunction
and the risk of increasing the risk of occurrence of convulsive seizures which are the main risk factors

of SUDEP 3¢ and which they trigger in most cases ’.
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Figure 1: Relation between usual coffee consumption and occurrence of PIH
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Table 1: Patients’ characteristics

Patients with SpO2 data

Patients with EKG data

Number of patients, n 90 54
Total number of seizures, n 323 155
Total number of focal seizures, n 317 154
Median number of focal seizures per patient, n (range) 2 (1-20) 2 (1-18)
Age (years), mean = SD 349+11.1 359+12.2
Gender, n (%)
Male 51 57% 31 57%
Female 39 43% 23 43%
Epilepsy duration (years), mean + SD 18.8+11.4 19.0+12.5
Seizure Focus, n (%)
Temporal 51 57% 31 57%
Frontal 23 26% 14 26%
Parietal 2 2% 2 4%
Perisylvian/Insula 5 6% 3 5%
Multilobar 5 6% 2 4%
Unknown 4 4% 2 4%
Seizure Focus, n (%)
Left 43 48% 23 43%
Right 36 40% 23 43%
Bilateral 8% 11%
Unknown 4% 3%
Coffee consumption
None 18 20% 9 17%
Rare 21 23% 15 28%
Moderate 37 41% 20 37%
High 14 16% 10 19%
Coffee consumption in the evening
Never 63 70% 39 72%
Rare 17 19% 11 20%
Frequent 9 10% 2 4%
Unknown 1 1% 2 4%

48

BOURGEOIS
(CC BY-NC-ND 2.0)



Table 2: Risk factors of PIH in FS

Transient hypoxemia Univariz?\te Multivariate analysis
analysis
No i Yes p value Odds Ratio (95% Cl) i p value
Total (n, %) 253 80% | 64  20% - R e
Age (years, mean + SD) 34.8+11.9 : 37.3+11.08 0.052 1.02 (0.98-1.05) : 0.35
Gender
Male 163 82% | 37  18% 0.327 - -
Female 90 77% 27 23%
Epilepsy duration (years, mean + SD) 19.5+115 | 18.1+10.7 0.63 1.00(0.99-1.01) ' 0.397
Seizure occuring during sleep
No 177 81% i 43 19% 0.667 - i _
Yes 76 78% | 21 22%
Duration of seizure (seconds, mean * SD) 493+851: 91.5%62 <0.001 - b
Coffee consumption ©0.001
None 26 58% | 19 42% i L
Rare 71 78% i 20 22% <0.001 0.34(0.12-0.96) i 0.041
Moderate 112 84% | 21 16% 0.18 (0.06-0.54) | 0.002
High 44 92% 4 8% 0.09 (0.03 - 0.34) <0.001
Coffee consumption in the evening*
Never 166 78% | 46  22%
Rare 44 2% 10  18% 0453 -
Frequent 43  86% i 7 14% i
Localization of the epileptogenic zone**
Temp 76 63% 44 37% <0.001 3.53 (1.30-9.57) 0.013
Extra-Temp 153 89% 19  11% ]
Lateralization of the epileptogenic zone**
Right 108 80% | 27  20% i
Left 106 77% 2 3% | 0O -
Bilateral 15 79% . 4 21% !
* Coffee consumption in the evening was unknown in 1 patient (n=1 seizure)
** Localization and lateralization could not be determined in 4 patients (n=25 seizures)
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Table 4: Risk factors of ictal tachycardia in FS

Ictal tachycardia Univaria-\te Multivariate analysis
analysis
No Yes p value Odds Ratio (95% p value
! cl)
Total (n, %) 67 44% | 87  56% - ] _
Age (year) 34.7+11.6 | 388+12.8 0.045 1.00(0.97-1.03)  0.947
Gender
Male 41 45% 50 55% 0.641 - -
Female 26 41% 37 79%
Epilepsy duration 20.4+12.0 21.0+12.5 0.715 - -
Seizure occuring during sleep
No 57 51% 55 49% 0.003 - 0.056
Yes 10  24% 32 76% 3.29(0.97-11.18)
Duration of seizure 45.5+59.6 | 33.5+402.5 <0.001 1.00 (0.99-1.01) 0.521
Coffee consumption
None 10 40% 15 60%
Rare 22 44% 28 56% 0.328 - -
Moderate 30 50% 30 50%
High 5 26% 14 74%
Coffee consumption in the evening**
Never 57 45% 70 55%
Rare 7 |12 e | 070 ) )
Frequent 3 38% 5 62%
Localization of the epileptogenic zone*
Temp 21 32% 45 68% 0.041 2.85(1.02-7.93) 0.045
Extra-Temp 37 49% 39 51% -
Lateralization of the epileptogenic zone* 0.013
Right 16 29% 40 71% 1.94 (0.65-5.74) 0.234
Left 33 45% | 41 55% 0.008 - -
Bilateral 9  75% | 3 25% 0.24 (0.08-0.74)  0.013
* Localization and lateralization could not be determined in 2 patients (n=12 seizures)
** Coffee consumption in the evening was unknown in 1 patient (n=1 seizure)
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Supplementary table S1

Usual coffee consumption o
None Rare Moderate High value
Number of patients, n 18 21 27 14 -
Total number of seizures, n 46 92 136 49 -
Total number of focal seizures, n 45 91 133 48 -
289+ | 343% 36.8¢
Age (years), mean + SD 6.7 13.3 11.6 384791 0036
Gender, n (%)
Male 8 44% |12 57% |20 54% |11 79% | 0.269
Female 10 56% | 9 43% |17 46% | 3 21%
158+ | 192t 16.7¢ 62+ | .
Epilepsy duration (years), mean + SD 6.8 12.0 10.0 149
Seizure Focus, n (%)
Temporal 11 61% |14 67% |19 51% | 7 50%
Frontal 5 28% | 4 19% |10 27% | 4 29%
Parietal 0 0% |0 0% |1 3% |1 7% 0.88
Perisylvian/Insula 1 6% |0 0% |3 8% |1 7%
Multilobar 0 0% |0 0% |3 8% |1 7%
Unknown 1 6% |2 9% |1 3% |0 0%
Conclusion about the localization of the epileptogenic zone, n
(%)
Temporal 11 65% |14 74% |19 53% | 7 50% 0-396
Extra-temporal 6 35% |5 26% |17 42% | 7 50%
Seizure Focus, n (%)
Left 11 61% | 8 38% |17 46% | 7 50%
Right 4 22% |10 48% |16 43% | 6 43% | 0.776
Bilateral 2 11% |1 5% |3 8% |1 7%
Unknown 1 6% |2 10% |1 3% |0 0%
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Supplementary table S2

Univariate
Usual coffee consumption .
analysis
None Rare Moderate | High p value
Total (n, %) 46 14% 92 28% | 136  42% 49 15% -
Seizure occuring during sleep <0.001
No 35 76% 82 8% | 75 55% 32 65%
Yes 11 24% 110 11% | 61 45% 17  35%
Duration of seizure (seconds, mean +SD) | 74.8 £96.2 E 48.6 + 60.8 58.8+93.7 E 69.7£67.1 0.017
Seizure Type
Focal 45 98% 91 99% | 133 98% : 48 98% 0.78
SGTCS 1 2% 1 1% 3 2% 1 2%
Localization of the epileptogenic zone**
Temp 20 46% 41 57% | 46 34% 17  35% 0.01
Extra-Temp 23 54% 31 43% | 8  66% @ 32 65%
Lateralization of the epileptogenic zone**
Right 8 19% |32 44% | 65  48% |32 65%
: : 0.001
Left 29  67% 34 47% 61 45% 16 33%
Bilateral 6 14% E 6 8% 8 6% E 1 2%
* Coffee consumption in the evening was unknown in 1 patient (n=1 seizure)
** Localization and lateralization could not be determined in 4 patients (n=25 seizures)
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Supplementary table S3: Risk factors of PIH in all seizures

Transient hypoxemia Univaria.xte Multivariate analysis
analysis
No Yes p value Odds Ratio (95% Cl) p value
Total (n, %) 255 79% | 68  21% - -
Age (years, mean + SD) 34.7+11.9 36.9 +11.06 0.065 1.01 (0.98-1.05) 0.388
Gender
Male 163 81% | 39  19% 0.32 - S
Female 92 76% 29 24%
Epilepsy duration (years, mean * SD) 19.3+115 i 18.3+10.8 0.77 - i -
Seizure occuring during sleep
No 178 80% | 46  20% 0.732 - -
Yes 77 78% 122 22%
Duration of seizure (seconds, mean * SD) 49.6 +84.4 92.1+60.6 <0.001 1.00 (099-1.01) 0.4
Coffee consumption i i 0.001
None 26 56% 20  44% - -
Rare 71 77% {21 23% | <0001 0.35(0.13-0.94) | 0.038
Moderate 114  84% 2 16% 0.18 (0.06-0.53) 0.002
High 44 90% 5 10% 0.11 (0.03-0.37) < 0.001
Coffee consumption in the evening*
Never 166 77% | 49  23% !
i 0.368 - i -
Rare 46 81% | 11  19% ;
Frequent 43 86% | 7 14%
Localization of the epileptogenic zone**
Temp 77  62% 47 38% <0.001 3.53(1.34-9.35) 0.011
Extra-Temp 154 89% | 20  12% -
Lateralization of the epileptogenic zone**
Right 108  79% 29 21%
Left 107 76% 33 ga% | O ) )
Bilateral 16 76% 5  24% i

* Coffee consumption in the evening was unknown

in 1 patient (n=1 seizure)

** Localization and lateralization could not be determined in 4 patients (n=25 seizures)
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DISCUSSION

Concernant I'effet de la caféine sur la fréquence des crises secondairement généralisées, nous
avons montré qu’il existait, comme ce qui a été montré chez I'animal, un effet dose avec un effet plutot
protecteur a dose modérée (4 tasses par semaine a 3 tasses par jour). Au contraire, a dose élevée (a
partir de 4 tasses par jour) il semble y avoir un risque plus important de crises secondairement
généralisées. A l'inverse nous n’avons pas observé de lien entre la consommation de café et la

fréquence des crises focales.

Le mécanisme physiopathologique a l'origine de ces résultats reste partiellement compris. Il
semble exister un remodelage de la voie adenosinergique a long terme lors de la consommation
chronique de café. En effet certaines études ont montré qu’il existait une augmentation du nombre de
récepteurs Al lors de I'exposition prolongée a la caféine, ce qui pourrait diminuer I'excitabilité
neuronale (32,33). Certaines interrogations demeurent, notamment concernant I'absence de lien
entre la caféine et la fréquence des crises strictement focales alors que nous avons observé un effet
sur les crises secondairement généralisées. Une explication possible, bien qu’hypothétique, serait que
la caféine permette de limiter la propagation des crises, et donc la généralisation secondaire, mais pas

la survenue des crises.

Nos résultats sont concordants avec ceux d’études précédentes, ne montrant pas d’augmentation
du risque de crise d’épilepsie chez les patients consommant de café, a I'exception des patients avec
une consommation élevée de café, au-dela de 4 tasses par jour. Au final les données sont plutot
rassurantes et il n’y a pas d’argument pour déconseiller le café aux patients épileptiques si leur

consommation reste modérée, c’est a dire limitée a 3 tasses par jour.

Dans cette étude il n’a pas été observé de lien entre le risque de SUDEP, évalué a I'aide du score
SUDEP-7, et la consommation de café. Il est certain que I'utilisation d’un score a certaines limites.
D’une part, la valeur de ce score reste controversée et une étude récente a montré, au sein d’une
population d’épileptique, que les données de ce score étaient similaires entre les patients décédés des
suites d’'une SUDEP et les patients controles (34). D’autre part, si nous avons montré un effet de la
caféine sur la survenue des crises généralisées, ces évenements ne représentent qu’un seul des
différents parameétres évalués dans le score SUDEP-7 et il n’y a pas de raison que les autres parameétres
(retard mental, nombre d’antiépileptiques et durée d’évolution de I'épilepsie) ne soient impactés par

la consommation de café. Bien que certains facteurs de risque de SUDEP soient aujourd’hui clairement
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identifiés, il reste difficile d’établir un score robuste permettant de définir le risque de SUDEP au sein

d’une population de patients épileptiques (4).

Concernant les troubles respiratoires per et post critiques, nous avons mis en évidence une
relation inverse, dose dépendante, entre la consommation de café et la fréquence de survenue des
désaturations ictales. En effet plus la consommation de café est élevée, moins il est observé
d’hypoxémie ictale. Ces résultats confortent I’hypothese que le relargage massif d’adénosine pourrait
étre en cause dans I’hypoventilation centrale liée aux crises d’épilepsie et peut étre dans les SUDEP.
Le mécanisme exact des SUDEP reste encore mal compris a ce jour mais plusieurs travaux ont
démontré qu’il existait une dysfonction respiratoire associée a une bradycardie sévere suivie
secondairement d’une asystolie (5). Un déséquilibre de la voie adenosinergique pourrait étre a I'origine
des phénomenes de suppression post ictaux et dépression respiratoire possiblement impliqués dans
les SUDEP. Dans une étude récente portant sur les pieces opératoires d’une population de 75 patients
opérés d’une lobectomie temporale (35), il a été observé chez les patients présentant un haut risque
de SUDEP une diminution du nombre de récepteurs A2 au niveau du cortex temporal, ce qui pourrait
traduire d’'une dysfonction de la réponse adenosinergique. Par ailleurs une élévation du nombre de
récepteurs Al a été observée dans I'amygdale chez les patients a haut risques de SUDEP, ce qui
pourrait rendre compte de la dysfonction amygdalienne possiblement impliquée dans les SUDEP.
L'amygdale et I’hippocampe pourraient étre les centres limbiques du contréle de la respiration, a
I’origine d’apnée ictale au cours de crises spontanées ou liées a la stimulation intracranienne (36). En
effet dans notre étude nous avons également observé que les désaturations étaient plus fréquentes
chez les patients suivis pour une épilepsie temporale en comparaison aux patients suivis pour une
épilepsie extra temporale. Néanmoins d’autres zones du cortex pourraient étre impliquées, telles que

le cortex périsylvien (37).

La relation entre la caféine et les dysfonctions respiratoires pourraient étre plus complexe car de
facon paradoxale, les désaturations étaient plus courtes chez les patients ne buvant pas de café par
rapport a ceux avec une consommation rare, modérée ou élevée. La durée de la désaturation étant
également liée a la durée de la crise, on pourrait supposer que certains patients avec une
consommation de café élevée souffrent de I'effet possiblement proépileptogene de la caféine a haute
dose avec des crises d’épilepsies plus longues et donc des désaturations plus longues. Enfin, une étude
récente a également montré que I'administration aigue de caféine pouvait exacerber I’hypoxie
postictale au niveau cérébral du fait d’un effet vasoconstricteur lié a I'antagonisation des recepteurs

A2 (35).
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Il existe probablement d’autres facteurs impliqués dans les SUDEP que la seule hypoventilation
centrale puisque ce phénomeéne est relativement fréquent, et présent dans les crises focales et
généralisées alors qu’a l'inverse les SUDEP restent rares et plutot associées aux crises généralisées
(d’emblée ou secondairement) et non aux crises strictement focales. Le sommeil pourrait jouer un réle
particulier dans la survenue des SUDEP puisque ces événements semblent survenir majoritairement la
nuit. Certaines études ont d’ailleurs suggéré que la saturation pendant les crises survenant dans le
sommeil était plus basse que dans les crises survenant a |'éveil, avec une chute de la saturation plus
importante (38). Cependant, dans notre étude, il n'y avait pas de lien entre la fréquence des

désaturations et le sommeil.

Ce travail a plusieurs limites. D’une part la quantité de café consommée a été évaluée par le
nombre de tasses, ce qui approxime I'apport réel en caféine puisque la quantité est tres variable en
fonction de la taille de la tasse et de la méthode de préparation. Par ailleurs les autres sources de
caféine telles que le thé ou les boissons énergétiques n’ont pas été prises en compte, néanmoins leur
apport en caféine reste faible comparé au café (39,40). Enfin I’exploration de la fonction respiratoire
pendant les crises étaient limités a I'analyse de la SpO2 et en I'absence de plethysmographie il n’est
pas possible d’affirmer que les désaturations étaient bien liées a des phénomenes d’apnées.
Cependant du fait du contrdle visuel en vidéo de la bonne position du capteur et de I'absence de

manipulation le risque que des artéfacts soient a I'origine d’une chute de la SpO2 reste faible.

Des études prospectives, avec une quantification rigoureuse de la quantité de caféine
consommée, sont nécessaires pour confirmer ces résultats et leur implication potentielle dans les
SUDEP. Enfin il faudra pondérer les effets bénéfiques de la caféine sur la dysfonction respiratoire avec
ses effets potentiellement aggravants a dose élevée sur la fréquence des crises d’épilepsie notamment

sur les crises secondairement généralisées.
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CONCLUSIONS

L'épilepsie est une des pathologies neurologiques les plus fréquentes. Il cst admis que
certains facteurs environnementaux tels que la dette de sommeil, le stress ou encore la
consommation d’alcool peuvent influer sur le contrle des crises. L'impact du café,
une des boissons les plus consommée au monde, sur I'épilepsie reste cependant peu
clair. Certaines études animales ont suggéré un rdle proconvulsivant de la caféine
alors que d’autres études ont plutot mis en évidence un role protecteur de la caféine
sur "épilepsie et ses complications telles que le risque de mort subite lice a
I'épilepsic, notamment lors de P'exposition chronique & de petites doses. Peu de
données humaines sont disponibles sur ce sujet.

Le but de notre premiére étude ¢tait de définir I'impact de la consommation de café
sur la fréquence des crises particlles et secondairement généralisées ainsi que sur le
risque dc SUDEP (Sudden Unexpected Death in Epilepsy). Nous avons analysé les
données provenant d’un essai clinique multicentrique frangais actuellement en cours,
I'essai SAVE, portant sur une population de patients suivis pour une épilepsie
particlle pharmacoresistante. Les 620 patients inclus dans I’étude ont été divisés en 4
groupes en fonction de leur consommation de café : nulle, rare (3 tasses par semaine
ou moins), modérée (4 tasses par semaine a 3 tasses par jour) ou élevée (4 tasses par
jour et plus). La fréquence des crises, toute crises confondues, la fréquence des crises
secondairement généralisées, et le risque de SUDEP évalué & I’aide du score SUDEP
7 inventory, ont ensuite été comparés parmi les 4 groupes.

Nous n’ayons pas observé de différence sur la fréquence globale des crises
d’épilepsie, ni sur le risque de SUDEP entre les 4 groupes. En revanche concernant la
fréquence des crises secondairement généralisées il a été observé une différence
significative avec une frégquence moindre dans le groupe ayant une consommation de
café modérée alors qu'au contraire dans le groupe avec une consommation de café
¢élevée la fréquence des crises secondairement généralisées était plus élevée.

Ces résultats suggérent qu'il existe une relation dose dépendante entre la
consommation de café et le risque de crises généralisées avec un effet protecteur a
dose modérée et au contraire un effet aggravant a dose élevée (a partir de 4 tasses par
jour).

Une deuxiéme étude a éé menée ensuite pour étudier cette fois le lien entre la
désaturation ictale et la consommation de café. La désaturation ictale est un
phénoméne fréquent, observé dans environ 30% des crises d’épilepsies, traduisant
une dysfonction respiratoire qui pourrait étre liée au rclargage d'adénosine, un
neurotransmetteur inhibiteur. Du fait de I'action antagoniste de la caféine sur les
récepteurs de I'adénosine notre hypothése était que la consommation de café
permettrait de réduire le risque de désaturation ictale.

Celte étude portait également sur la population de patients avec une épilepsic focale 61
pharmacorésistante inclus dans 'essai SAVE, ol nous avons sélectionné les patients
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inclus & Lyon, soit 108 patients. Les patients ont été divisés en 4 groupes en fonction
de leur consommation de café de la méme fagon que lors de la précédente étude et
nous avons analysé chaque crise enregistrée dans ['unité de vidéo EEG pour
déterminer la présence ou |'absence de désaturation ictale. Nous avons observé une
association significative entre la consommation de café et le risque de présenter une
hypoxie ictale (IH). En effet plus la consommation de café était importante moins il
était observé de désaturation ictale, avec une relation dose dépendante.

Ces résultats suggérent que la caféine pourrait avoir un role protecteur sur la
dysfonction respiratoire ictale. Or cette dysfonction respiratoire ictale est un des
potenticls phénoménes impliqués dans les SUDEP. Des éudes complémentaires
prospectives sont nécessaires pour confirmer nos résultats et explorer leurs
potenticlles implications avec les SUDEP.
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ANNEXE 1

Score SUDEP 7

Facteur de risque de SUDEP Score
Plus de 3 crises généralisées tonico clonique au cours de I’année passée 2
1 a 3 crises généralisées tonico clonique au cours de I’'année passée 1
Plus de 50 crises d’épilepsie (tous types confondus) par mois au cours des 12 derniers 2

mois

1 3 50 crises d’épilepsie (tous types confondus) par mois au cours des 12 derniers mois | 1

Durée d’évolution de I’épilepsie supérieure a 30 ans 3
Utilisation de 3 traitements anti épileptique ou plus 1
Retard mental, Ql < 70 ou non réalisable 2

Adapté de Odom N, Bateman LM. Sudden unexpected death in epilepsy, periictal physiology, and the

SUDEP-7 Inventory. Epilepsia. 2018;59(10):e157-60.
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Abstract

Objective: To assess the relation between coffee consumption and seizure frequency and ictal
hypoxemia in patients with drug-resistant epilepsy. Methods: Cross-sectional analysis of data
collected in the SAVE study, which included patients with drug resistant focal epilepsy during
long-term EEG monitoring. Adult patients in whom both coffee consumption and data about
seizure frequency were available were selected. Coffee consumption was collected using a
standardized self-questionnaire where each included patient indicated her/his usual
consumption. Coffee consumption was further classified into four groups: none, rare (from less
than 1 cup/week to up 3 cups/week), moderate (from 4 cups/week to 3 cups/day) and high
(more than 4 cups/day). Risk of SUDEP was evaluated using the revised SUDEP-7 inventory.
We reviewed the video-EEG recordings of 156 patients included in Lyon center to identify those
with > 1 focal seizure and determine the presence of ictal/post-ictal hypoxemia (IH), defined
as Sp02 <90% during at least 5 seconds. Results: Overall 620 patients were included. There
was no relation between coffee consumption and total seizure frequency (p=0.92). In contrast,
we observed a bimodal association between frequency of FBTCS and coffee consumption
(p=0.026). The mean monthly FBTCS frequency was thus 1.01+/- 6.63 in patients who did not
report coffee consumption, 1.40 +/- 7.13 in those with rare consumption, 0.48 +/- 1.81 in
those with moderate consumption and 4.13 +/- 21.5 in those with high consumption. IH was
observed in 68/323 seizures. Occurrence of IH was associated with coffee consumption
(p=0.001). Conclusion: Our data suggest that effect of caffeine on seizures might depend on
dose, with potential benefits at moderate doses but increased FBTCS susceptibility at high
doses. The risk of IH dramatically varied as a function of coffee consumption, with preventive
effect of high consumption.

KEY WORDS : Epilepsy, coffee, hypoxemia, SUDEP
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Impact de la consommation de café sur la fréquence des crises d’épilepsie et la dysfonction
respiratoire liée aux crises

Thése de Neurologie : Lyon 2020 ; n°® 128

Résumé

Objectif : L'objectif de cette étude était d’étudier I'impact de la consommation de café sur la fréquence
des crises et I'hypoxémie ictale au sein d’une population de patients avec une épilepsie partielle
pharmacorésistante. Méthodes : Nous avons mené une analyse transversale des données collectées dans
le cadre d'un essai multicentrique en cours (étude SAVE). Les patients adultes pour lesquels les
informations concernant la fréquence des crises et la consommation de café étaient disponibles ont été
inclus. La consommation de café était recueillie a I'aide d’'un auto questionnaire ou chaque patient
indiquait sa consommation habituelle. Celle-ci était ensuite classée en 4 groupes : aucune consommation
de café, consommation rare (3 tasses par semaine ou moins), modérée (4 tasses par semaine a 3 tasses
par jour), et élevée (4 tasses par jour ou plus). Dans la seconde partie portant sur I'étude de la
saturation, nous avons revu les données vidéo EEG des patients inclus a Lyon et sélectionné ceux ayant
présenté au moins une crise au cours de leur hospitalisation. Pour chaque crise enregistrée nous avons
déterminé s’il existait ou non une désaturation ictale se définissant par une chute de la saturation en
dessous de 90 % pendant au moins 5 secondes. Résultats : Parmi les 620 patients inclus nous n’avons
pas observé de lien entre la consommation de café et la fréquence des crises d’'épilepsie, tout type de
crise confondu (p=0.92). En revanche nous avons mis en évidence une association significative entre la
consommation de café et la fréquence des crises secondairement généralisées (p=0.026). La frégquence
moyenne par mois des crises secondairement généralisées était de 1.01+/- 6.63 chez les patients ne
buvant pas de café, 1.40 +/- 7.13 chez ceux avec une consommation rare, 0.48 +/- 1.81 chez ceux
avec une consommation modérée et 4.13 +/- 21.5 parmi ceux avec une consommation élevée. 90
patients ont été inclus dans la seconde partie de I’étude. Une hypoxie ictale était présente dans 68/323
crises (21%). La présence d’une hypoxie ictale était significativement associée a la consommation de
café (p=0.001) avec une relation inverse entre la consommation de café et le risque de désaturation.
Conclusion : Nos données suggérent que l'effet de la caféine sur la fréquence des crises dépend de la
dose avec des effets bénéfiques a dose modérée mais un risque accru de crises secondairement
généralisées a hautes doses. Ces données suggérent aussi que la consommation de café diminue le
risque de désaturation ictale.
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