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ABSTRACT - Aims. The photoparoxysmal response (PPR) is defined as the
occurrence of generalized spike, spike-wave or polyspike-wave discharges
consistently elicited by intermittent photic stimulation (IPS). PPR is not well
studied in Sub-Saharan African people. We prospectively studied the epi-
demiological, clinical, and EEG characteristics of PPR among consecutive
patients recorded at the clinical neurophysiology unit of Fann University
Hospital (Dakar, Senegal). Methods. Among 6,808 EEG recordings including
3,065 pathological EEGs, we collected 56 EEGs with PPR (0.8% of all recorded
EEGs and 1.8% of anormal EEGs), from 31 women and 25 men (sex ratio: 0.8).
The mean age was 13.3 years (range: 8 months to 59 years). Results. The
peak of photosensitivity was found in the range of 6 to 10 years. Of the
PPR cases, 12 had clinical manifestations during IPS. Generalized epilepsy
was diagnosed in 23 (41%) patients and 18 (32%) had focal epilepsies. The
most epileptogenic stimulation frequencies were between 12 and 24 Hz
(range: 1-28 Hz). PPR were mainly triggered during eye closure (64%), and
41 patients (73% of PPR cases) were classified as Type 4 (Waltz classifica-
tion). Conclusions. Our results confirm lower rates of photosensitivity in
African Sub-Saharan people compared with others. Although the current
datado notsupportarole of short-term ambientlight levels, subject to con-
sistent data from larger cohorts, it may be interesting to study the probable
epigenetic-mediated protective role of sunshine against photosensitivity.
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Brain photosensitivity is an abnormal reactivity to
specific photic stimuli. The phenomenon may be
detected on the electroencephalogram (EEG) as
visually-triggered epileptiform discharges, namely
photoparoxysmal response (PPR) (Harding and Jeav-
ons, 1994; Kasteleijn-Nolst Trenite et al.,, 2001). The
clinical manifestations of this photosensitivity are
seizures induced either by intermittent photic stim-
ulation (IPS) or specific daily-life visual stimuli (such as
flickering, light through trees, visual patterns, televi-
sion, etc.) (Harding and Jeavons, 1994; Kasteleijn-Nolst
Trenite et al., 2001). IPS protocols vary across epilep-
tology teams, however, according to standardized
IPS protocols, the patient is placed in a dim-light
environment, 30 cm from the stroboscope (Kasteleijn-
Nolst Trenite et al., 2013). Flash trains of an intensity
of 1 joule (at least 0.70 joule), with increasing fre-
quency (2 to 60 Hz), are emitted while the eyes
are open, closed and during eye opening or closing
(Kasteleijn-Nolst Trenité et al., 2012). The PPR usu-
ally appears between 10 and 30 Hz and eye closure
is the most provocative condition (Kasteleijn-Nolst
Trenite, 1989; Harding and Jeavons, 1994; Kasteleijn-
Nolst Trenité et al., 2012). Photosensitivity may be
asymptomatic or associated with idiopathic epilepsy
in most cases (Ricci and Vigevano, 1993; Badinand-
Hubert et al., 1998; Kasteleijn-Nolst Trenite et al., 2002).
Photosensitive (PS) epilepsy is estimated to occur in
approximately 1/4,000 of the population (Harding and
Harding, 2010). It typically manifests around the age of
puberty and disappears by the third decade depend-
ing on the underlying condition (Martins da Silva and
Leal, 2017). Almost all the published studies show
that women are more affected than men (Clement
and Wallace, 1990; Obeid et al., 1991; Nagarajan et al.,
2003).

Various factors (both environmental and genetic)
have been postulated to play a crucial role in deter-
mining photosensitivity. This quest has led to some
robust findings as well as some controversial reports
(Fylan et al., 1999; Verrotti et al., 2012, 2005). However,
currently, innate factors are considered as the main
features correlated with photosensitivity (Verrotti et
al., 2005; Kasteleijn-Nolst Trenite et al., 2013). Indeed,
although there are some acquired conditions that
may lead to photosensitivity, this reactivity is gen-
erally genetically determined (Waltz and Stephani,
2000).

Currently, photosensitivity has been studied in only
few published African studies. Moreover, no West-
African data are available, except for one 1983
study with major limitations (Danesi and Oni, 1983;
Kasteleijn-Nolst Trenite et al., 2013; Martins da Silva
and Leal, 2017). The main previous relevant African
studies were completed in East-African and South-
African countries, and were undeniably specific to

A Senegalese study of photoparoxysmal response

anthropological and environmental factors associated
with these areas, in contrast to the West-African
population. Interestingly, during last decades, several
studies have tried to find genetic and environmental
factors that may support the epidemiological differ-
ences in PS epilepsy observed through the world.
Therefore, our aim was to describe photosensitivity
in patients with PS epilepsy in Senegal (West Africa)
relative to other published data.

Methods and materials

Research location

The Neurology department of Fann University Hospital
is aleading centre of neurological care for Senegal and
neighbouring states. About 6,000-7,000 routine EEG
recordings are performed every year, including both
paediatric and adult patients.

Study population and data collection

For this cross-sectional study, we prospectively
screened 6,808 consecutive outpatient routine EEGs
recorded over one year. More than 99.5% of patients
were black. In total, 3,065 individuals displayed epilep-
tiform EEG discharges, including 56 individuals with
PPR (figure 7). We then collected the following infor-
mation from these PPR cases: demographic data
(age, sex), age at epilepsy onset and seizure type (if
relevant), daily-life photosensitivity history, family his-
tory of epilepsy and photosensitivity, risk factors for
epilepsy, objective neurological examination findings,
and EEG data (background and anomalies). We defined
epileptic syndromes according to the revised Inter-
national League Against Epilepsy classification (ILAE,
2017; Scheffer et al., 2017).

EEG recordings

All EEGs recordings were performed with an 18-
channel EEG recording (Micromed, Brainquick amplifi-
cator SAM FC1 of 32 channels, Instruments Ltd., France)
and standard 10-20 system (sampling rate: 256 Hz).
Hyperventilation followed by IPS (3-5-min delay) was
carried out for all 56 epilepsy patients. The IPS was
performed using a photic stimulator (circular xenon
lamp, central fixation point on diffuser, maximal inten-
sity > 100 Nit-s per flash, enabling 1-60-Hz flashing
range). The stroboscopic light source was placed at
about 30 cm from the nasion. The room was kept dimly
lighted during IPS. The sequence of IPS frequencies
tested were 1, 4, 8, 12, 16, 18, 24 and 28 Hz (increas-
ing and decreasing sequences), with eyes open, eye
closure, and eyes closed. Note that patients had eyes
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Screened EEGs:
6808
EEGs with
epileptiform
discharges: 3065

Excluded EEGs:
-No PPR
-Only type 1 and/or
type 2 PPR
-EEG with artefacts

PPR cases: 56 (1,8%
of cases with IEDs and
0.8% of all cases)

Asymptomatic PPR
during IPS:
44 (78,6%)

Symptomatic PPR during
IPS: 12 (21,4%)

-ocular myoclonus

-head myoclonus

-limb myoclonus

-spams

-FBTC seizure

-absence

B =N —

Photic-induced seizures in

daily life: 1 (1,8%)

Figure 1. Patient selection flowchart.
PPR: photoparoxysmal response, IPS: intermittent photic stimu-
lation, FBTC: focal to bilateral tonic-clonic.

open between stimulations and closed them at the
start of stimulation. Only symptomatic PPRs led to IPS
cessation.

Definition of PPR

PPR were analysed according to the criteria proposed
by Waltz et al. (Waltz et al., 1992) (table 7). We collected
cases with pathological PPR based on the occurrence
of:

— any PPR Type 3 and 4 with clinical history of epilepsy;
— or any epileptic seizure triggered by IPS.

Waltz Type 1 and 2 PPRs were excluded because of
the poor inter-rater reliability, the uncertain semiolog-
ical value and the fact that these responses are usually
excluded in PPR studies.

Results

Demographic characteristics

We collected 56 EEGs (all from different patients) with
PPR (0.8% of a total of 6,808 EEGs recorded; 1.8% of
3,065 pathological EEGs) (figure 1), from 31 women and

Table 1. Waltz classification (Verrotti et al., 2012;
Waltz et al., 1992).

Type 1 Spikes within an occipital

rhythm

Type 2 Parieto-occipital spikes
with a biphasic slow

wave

Type 3 Parieto-occipital spikes
with a biphasic slow
wave and spread to the

frontal region

Type 4 Generalized discharges
with spikes and waves or

polyspikes and waves

25 men (sex ratio of 0.8). The mean age was 13.3 £
10.2 years (range: 0.8-59) and 42 patients (64.6%) were
under 20 years old (figure 2). Among the 56 patients, 16
epilepsy-known cases were referred for control EEG,
33 for suspected epilepsy, six for unexplained cognitive
impairment, and one for unexplained headaches.

Epileptiform findings and epilepsy diagnosis

Based on spontaneous interictal EEG findings and clin-
ical follow-up, epilepsy was diagnosed in all the 56
patients. Of them, 40 were not known to be epilep-
tic. During the recordings, 12 patients showed clinical
manifestations triggered by IPS. Only one complained
of photosensitive seizures triggered by television and
sunlight, and this patient had a PPR during IPS without
associated clinical manifestation. Overall, we diag-
nosed generalized epilepsy in 23 patients (41%), focal
epilepsiesin 18 (32%), combined generalized and focal
epilepsies in 10 (18%), and unknown onset in five
(9%). The distribution of patients according to the ILAE
epilepsy classification (2017) is shown in table 2.

Photic reactivity

Among the 56 patients, 41 (73%) displayed Type 4
PPR (figures 3, 4) while the others displayed Type 3
response during IPS (samples are illustrated in figure 5).
The PPR was mostly observed in the patients with
idiopathic generalized epilepsy. The frequencies that
most commonly elicited PPR ranged between 12 and
24 Hz (figure 6). The PPR outlasted the IPS by more
than 100 ms in eight patients (14.2%). Photoconvulsive
response in the form of jerks involving the limbs or
whole body, or eyelid twitching, occurred in 12 patients
(21.4%). Eye closure PPRwas the most provocative stim-
ulus (figure 6).

612

Epileptic Disord, Vol. 22, No. 5, October 2020



A Senegalese study of photoparoxysmal response

25
22

20
2
c
£15
©
o
-
o
E 10 10
€10
3
z 7

5

0

<5 [6-10]  [11-15] [16-20]

[21-25]
Age (years)

0 0

[26-30] [31-35] >35

Figure 2. Age repartition of patients with photoparoxysmal response. Most of the PPR cases were 6-10 years old and 75% of the patients

were 6-20 years old.

Table 2. The distribution of patients according
to epilepsy classification (ILAE, 2017).

Epilepsy diagnosis Number of patients  Total
Focal onset Motor onset (n=17) 18 (32%)
Non-motor onset
(n=1)
Generalized onset  Motor (n = 16) 23 (41%)
(4 cases of juvenile
myoclonic epilepsy)
Non-motor (absence)
Typical (n =5)
Atypical (n=1)
Eyelid myoclonia
(n=1)
Unknown onset Motor (n = 4) 5 (9%)
Non-motor (n=1)
Combined N/A 10 (18%)
generalized and
focal

N/A: not applicable.

Discussion

Photosensitivity is one of the well-studied phenomena
in epileptology. Historically, the variation observed
in initial studies worldwide oriented numerous

subsequent investigations in an attempt to identify
factors and mechanisms underlying the features of
this abnormal brain reactivity. Currently, interesting
findings have been widely published. However, there
is a lack of data describing PS epilepsy features in
some geographic areas, mainly African regions. In our
prospective study, we aimed to describe photosensi-
tivity in Senegal (West Africa) by analysing clinical and
EEG findings in order to identify local specificities, if
any. We collected 56 EEGs with generalized PPR out
of 3,065 pathological EEGs (a total of 6,808 routine
EEGs were performed for outpatients regardless of
the clinical indication) during 2016. The prevalence
of photosensitivity in the present study is among the
lowest (0.8% of all EEGs and 1.8% of EEGs with sponta-
neous epileptiform discharges) compared with data in
the literature (de Graaf, 1992; de Graaf et al., 1995; Lu
et al., 2008; Verrotti et al., 2012; Kasteleijn-Nolst Trenite
et al., 2013; Koutroumanidis et al., 2015; Whitehead
et al., 2016). Numerous prevalence studies have been
conducted in various countries. However, interpreta-
tion of these results is complicated by the significant
variation of study designs with respect to race, age
(children versus adults), indication of EEGs included
(confirmed epilepsy versus suspected epilepsy versus
any indication), IPS frequencies used, and definition
of PPR. The most relevant studies are summarized in
table 3 with respect to these parameters. Nevertheless,
in Holland, Germany, and South Africa, PPR is found
in 5-8% of epileptic patients (Kasteleijn-Nolst Trenite,
1989; de Graaf, 1992; Nagarajan et al., 2003), compared
to only 1-2% in India, Nigeria, or Zimbabwe (Danesi
and Oni, 1983; Saleem et al., 1994; Familusi et al., 1998).
The lower prevalence of PPR among epilepsy patients
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Figure 3. Example of Type 4 PPR with a fragmented build-up. Case 2: A 22-year-old epileptic patient known to have epilepsy, investigated
for bilateral tonic-clonic seizures evolving over two years; medication: phenobarbital 100 mg die. Fragmented generalized bursts of
polyspike-wave discharges are shown during IPS at: (A) 4 Hz; (B) 12 Hz; and (C) 16 Hz. (high filters: 70 Hz; low filters 0.530 Hz; notch

filter 50 Hz; sensitivity: 100 mV/cm; speed: 25 mm/s).

in our study could be partly due to the high level
of sunshine throughout the year in tropical African
regions, which may be speculated to have a protective
influence on IPS. In this regard, Danesi reported
seasonal variations in the incidence of PPR among
photosensitive epileptic patients (Danesi, 1988). In his
study, 49 white patients were recorded through the
seasons: 22 in summer, 35 in winter, 17 in spring and
16 in autumn. The lowest incidence of PPR occurred
among summer recordings (9.1%) and the highest
among winter recordings (96%). Moreover, 11 patients
(seven with generalized epilepsies and four focal
cases) were recorded both during winter and summer.
In these patients, only 2/14 recordings showed PPR in
summer whereas only 1/11 recordings was free of PPR
during winter. However, following this publication, in
a short letter, a subsequent response was specifically
addressed by Trenite et al. (1989) who reported oppo-
site findings and conclusions (Trenite et al., 1989).
In this report, there were no significant seasonal
differences in the incidence of photosensitivity with
regards to the relationship between new identified PS
patients and number of new EEG referrals per season
(20/586 in spring, 20/492 in summer, 37/609 in autumn
and 23/655 in winter; total of 2,342). Furthermore, when
dividing their PS cohort into two equal groups based
on their degree of photosensitivity at the time of first
EEG, no seasonal effect was found. Although they
used a different methodology, these findings raise
questions about the impact of duration of exposure to

global sunlight. In any case, the extrinsic hypothesis,
with an emphasis on individual life-time exposure
to sunshine, is not well supported by several studies
targeting ethnic differences in people living in the
same geographic areas. Indeed, Familusi et al. (1998)
found lower PPR prevalence in black people among
9,082 Zimbabwean patients of 0-25 years old referred
for routine EEG (Familusi et al., 1998). They reported
a PPR prevalence of 0.2% in black people, but 2.1%
in Caucasian and Asian individuals (Familusi et al,,
1998). Moreover, in this study, 0.6% of Métis people
showed PPR, thus suggesting genetic inheritance. This
was similar to the results of De Graaf et al. (1992) who
found PPRin 0.4% of black people, 4% in Métis people
and 5.2% in Caucasians (de Graaf, 1992). De Graaf et
al. confirmed this tendency in 1995, reporting PPR in
2.7% Caucasians (72/2657), 0.1% black people (1/848)
and 0.9% Métis people (55/5,958) (de Graaf et al., 1995).
Although these studies suggest a robust ethnicity-
related genetic element to PPR, an epigenetic impact
of ambient sunshine cannot be excluded. This hypoth-
esis may explain why Indian people (mostly living in
tropical areas) seem to have lower PPR prevalence
than other Asians such as Japanese and Chinese
(Saleem et al., 1994; Shiraishi et al., 2001; Bai et al,,
2019).

The main age range of our PS cohort was 6-10 years
(22/56 patients) followed by 10-20 years (20/56 patients).
Thus, 87.5% of the patients with PPR were under 20
years old while 75% of them were 6-20 years old.

614

Epileptic Disord, Vol. 22, No. 5, October 2020



A Senegalese study of photoparoxysmal response

(99) SdI Aq
pa4283143 ainzias

ondajida Aue

(g) 10 ‘Asdojida
Jo A103s1y [ed1uld
YlIMm uonedlyissed
2 19 Z}[epA

(Asdajida Ajurew) n33
auIN0J 10} paliasal

(8¢-1) ¥T-TL (8°0) (A65-8°0) uo paseq { pue AjoAnndasuod
Apnis yuasald :3upjonroud ysony 8089/96 de|g Ag‘el € 9dA| ¥dd Aue (v) (95) 8089 ‘Apmis aAndadsold reSauas
syuaned ondsjidauou
(1x91 9A1IND3SUOD 70| pue
2y} ul pauyap Alesp ‘syuanyed ondajida
(€861 o) (A0Z-£'0)  10u) Sd| 0} sasuodsal (0) ZOL BAINDASUOD 79¢
‘luQ pue Isaue() (0€-1) 02-0L 29€/9 oR|g Az6L SAIS|NAU0D0}OYd (9) 79¢ Apms aandadsoiqd eLadIN
(wistjoyoo|e o
ov-1) A103s1y pue ‘Asdajida
VN joe|g 295w QL d1irewo}dwAs aynoe
1’/ F S/ 0} (L0) 1se9| 1e Aq 31 Sunsepno ‘SUOIS|NAUOD 3|14q3}
@'y F €L sueaw 88 /1 doe|g pue sninwins ay} J0 A103S1Y :papn|dxd)
IPAXIN (6°0) 0} paxdoj-Aduanbauy Asda|ida jo sisoueip
L'6 F0'6C0)  8S65/SS :POXIW 10U ‘Sd| Aq paidIe pawnsaid yum
(S66L 09 F €Tl ueaw Vara) (Agg ueyy ‘Aanoe p-sd ‘pm-s sjuaned 9A1IND2SUOD
“[e 13 yeelD) ap) PUYM  LS9T/TLPUYM 240w 01 () £'ST “dgd pazijessuan (8TL) T6TSL  ‘Apmis eAndadsoney  eaMpY Ynos
J9sw 001
(T9) 1sed| 1e Aq 31 Sunsepno
9z¢//L (PIXIN pue snjnwiis ayy
ot-1) (Th) 0} paxdoj-Aduanbaiy Asdaida
STE-9ELPUYM  LIE/SL PUYM Agz-9 10u ‘Sd| Aq paidId paadsns yum
S'LE-6TL (PAXIN (F'0) 1M %L L5 ING ‘Kuanoe p-sd ‘Mm-S sjuaned aA1IN29sUOD
(T661 ‘yeRID 3pP) €1E-L DI'|d 908/¢ >9¢e|d ‘popiroid JoN “dsd pazijessusn (9€) covL ‘Apnis aandadsonay elqiueN
ey
ZH uy
(98uei1 ajoym)
« Aouanbayy  (9,) souaerasrd (98uer) (s9sed Ydd Jo "ON) (Sddd Jo ‘ou)
ERNTEYETEN Sdl Sunjoroiy Udd d1uyig a8e ueapy uoHulap Ydd $D37J0 ‘ON uSisap Apms Anuno>

'SaIPN)S JUaIAIP ul dUdeAdsd ydd Jo 9|qel aanesedwo) g ajqer

615

Epileptic Disord, Vol. 22, No. 5, October 2020



A.M. Magnerou, et al.

ds 1noyum

Suimoys Jo s1sinq

|e204 10 pazijelouad
pue soyjids jendidoo
pa1e[os! (papn|dX] "Jou
10 Sd| 9y} paisejno

M Jay3aym 1o wsAxosed
3y} Jo uoneinp

Jo aAndadsal

‘Sd| Jo Aduanbauy swes
ay3 Surinp adim) 3se9|

Asdajida jo
sisougelp pawyuod

(8661 1B (rz-1) 8L (%S°€) (99-60) e wsAxoured p-sd 10 yam spuaned
19 ueuysLeYpRY) :3unjonoud 1sony G/S/0¢ :uelpu| YILF 607 M-S ds paziessusn (02) S£S  ‘Apnis aAnoadsosyay  eipuj ynos

(uaned

ondajida-uou ui ydd

paradxaun ‘syusied

Sd Jo Suiiqis ‘0unzias

sw (0L 3Se9| 1e Aq uiesy ETREIREINVAEN

snnwns ay3 Sunsepno 9|8uis :papn|oxd)

pue snjnwins ay} N33 aunnod

0} payo|-Aouanbaiy 1oy patioyal ‘Asdaida

J0U ‘Sd| Aq pawdie pawlIzuod yyum

(v661 (09-9) 0€-9 (9°0) (A+09011) Apuaysisuod ‘am-sd syuaned aANasUOD
“ejo wesles)  :3upjorosdisow  000L/9 :uBIpU| ASELLF G9L ‘M-S Yds pazijersusn (9) 0001 ‘Apmis oAndadsold  erpuj ypoN

UO[}BSSID SNNWIS

sjuaned 1ayye Sunsisiad sjuaned

ondajida-uou Ajrensn pue ‘suoi3ai ondajida-uou gl pue

104 261/0 - (Aoz-G1)  Joudlsod pue soLdjue ‘Asdajida pawuiyuod

IMd €0LF 6'ST ay3 Suiajoaur ‘(m-sd yum suaned

104 (€°1) LTEHT - (A08-S1)  40) M-S snouoIyduAs 9ANNDISUOD /7€
(L66L /& 19 P19qO) (05-1) YN oiqely  AQELL F TITW pue pazijeisusdH (¥2) LT€ ‘Apnis aanpadsold  eiqety ipnes
eIsy

ZH ul
(98uei1 3joym)
« Aouanbayy (o) aduarerasrd (98uer) (sased Ydd (sddd o "ou)

ERITEYETEY Sdl Sunjoroid Add 21uy)g e uealy  jo "ON) uonIuULAP Ydd $D37J0 "ON uSisap Apnjs Anuno)

"(PANUIIUOD) SBIPNIS JUDIBHIP Ul ddud[eAdud Ydd 1o a|qe) aAneredwo) g ajqer

Epileptic Disord, Vol. 22, No. 5, October 2020

616



A Senegalese study of photoparoxysmal response

(910

(S'L) ¥8€S/6L

(92) Suipiodau

Sunsai ayy ur uass
LON (ddd v 10 € 2dA}
Z)em 9) Ananoe 33
[eyonaiul waoyndapida
pazijesauad

(6£) AMd 0T

Suipiodau
D33 2UnnoJ

10} pajwpe syuaned

“e 39 peayaUyYM) VN -+ OUYM (R66-1) A0E [edoainbaun  Buipnpul pges  ||e Apmis aandadsold AN
(€01) @14 yseyy
2y} jo wapuadapul
Aouanbauy e jo Asdoida
3dg aannadai 1o pp-sd pawLIu0d YyUM
(9861 ‘s95500D) (6'6) ¥¥0OL/SOL (ASZ-0L) ‘M-S 40 21nZ19s [ed1u)d syuaned aAN29sUOD
pue JJoAA) (zH 0£-€) VN H+++ OUYM AypL e jo uoneydialy (€0L) t+0L ‘Apnis aAndadsoney  Auewsan
adoung
(£€) sw 0oL Aq ures
sninws ay} Sunsejno
pue snjnwis ay} oy Asdajida
payo0|-Aouanbaiy jou pajoadsns yum
(Looz (1) £81T/L€ (A18-1) ‘M-S a1dnnw pue p-s syuaned aAlNd8sUOD
“Ie 19 1ysiediys) (£€-9) VN :9sauede( AT¥g  9SNHIp SnouodyduAsig (£€) £81C ‘Apnis aAnoadsosiay uede(
Sd| Suinp sa8ieyosip
ondayjids pazijedo| Asdajida
pue sadieyosip paadsns yum
(€71) T8¥S/EL (A6Z-€°0) ondajids pazijessuald sjuaned aAlINdasSUOD
(610 “e 10 1eq) (09-1) sz-8 PsauUIYD AgL Yim sjuaijed (€2) T8YS ‘Apnis aandadsoud eulyd
ZH ul
(98ue1 3joym)
« Aouanbayy (%) ddudpesad (98uei) (sased Ydd 10 "ON) (sddd Jo *ou)
ERTEYETEY Sdl Supjoroid Udd d1uyy3 aSe ueapy uonIuyadp Ydd $D33J0 "ON uSisap Apnj}s  Anuno)

"(PaNUIIUOD) SBIPNIS JUDIBHIP Ul ddudjeAdld Ydd Jo a|qe) aAaneredwo) g ajqer

617

Epileptic Disord, Vol. 22, No. 5, October 2020



A.M. Magnerou, et al.

‘uosiredwod 12113s 10y Jou pue Ajuo sasodind
aA13RIISN|[1 10} D4R S21DUBNbRIY 9SBY) U0 B]qe} By} Ul papiAo.d eyep Sy} 9105243y} ‘sa1pN1s SUOWE SALIBA ¥dd JO Sa10UaNbaly dAIdNPUL Isow ay) Sujuiwialep 10y ASojopoyiaw ay) |
*(UMOUUN 3Ie SDIISIIE)S JOBXD 2°1) A|JSOW+++
'3]1qe|ieAe Jou :yN ‘aaem pue ayidsAjod :AA-Sd foaem pue ayids AA-S ‘ayidsAjod dgd oyids dg ‘uonenwns onnoyd yuaniwaalul ;G| ‘osuodsau [ewsAxoledoloyd ydd

#Sdl+
D33, JUSMIBpUN OoYym

(€002 URIPJIYD SAIINIISUOD
“Ie 3o uelesedeN)  (zH 0¢-1) ZH SL-0L VN (S1-9) ddd p-1L 9dAL Z3eM €9z ‘Apmis aAndadsouey eljessny
eluead o

(€99)
wsAxoed anem-ay|1ds

pazijesauad e syuaned

(0661 ‘eddeiyn 10 1sinq anem dieys 1o ondajida pajoadsns
pue texece() VN (6'7) €SS/LTVN Aogorsyuejul  ydsd ydg pazijessusn (€99) £SS¢€ 9AlIND9sSUO)  uojsog /SN

(saanz1as

pue Asdajida yum

SoAl}e|a] 93130p-1sd1y

‘sanijewouqe

daajs ‘Ayanyewaud

‘sisaidoous Jo

sisainua Suipnjoxa)

sjuadsajope

pue ualipj|iyd

(€002 “Ie 3o 23uai] Jewou, Ajjeaurd
15|oN-uliaja)sey) VN (r'1) YN (AgL-9) VN 0LS ‘Apnis aAndadsoud Iiseig
LATIETINY

ZH uy
(98ues ajoym)
« Aouanbayy  (9,) aouapesasd (98uer) (s9sed Ydd Jo "ON) (sddd Jo "ou)

ERTEYETEN Sdl Sunjoroiq udd duy)g a8e ueapy uonIuyadp Ydd $D33J0 "ON ugisap Apnjis Anpuno)

"(panuiau02) $a1pNISs Jualayip ul dduaeaald Ydd Jo ajqer aanesedwo) g ajqer

Epileptic Disord, Vol. 22, No. 5, October 2020

618



‘ A Senegalese study of photoparoxysmal response

k,ﬂwm~~u--~w~«,1 W Wy

Faca w«w{\ywwu\‘kww .\ r‘”“) .“w(\x..
CaPa , M}wam.;mwum ‘\.,‘J"\"‘NAM}I \ jm PNl [P
PaO2 f‘"‘ fwwm\rﬂ:;..mwdw—-‘ k *fw:l’{ ,\,\ WW/MWW
Fp2F8 arnpA st d e — \ AP A W]
F8 T4 ._'\ N et s et ey pmvesetelen? ‘\l r“;«fj::mh‘ \M M.W'w-lg,ww‘/\.mm
T4 16 \ Y AN Mo SN0 \ﬁ’: w-w j\h LS A-.s'.\ﬁ"\.-\q A
T6 02 J—MWW—&-W 3 Mv'wm,.
FaCz \ .’-‘-‘:‘""" SRRV J' I Aot pmrer A
e | LR\ R

Fp1F3

F3C3

c3p3

P30T

Fp1F7

F713 NP g M
13T /MJ MW\ ANNN P vty N/‘W.WVM“F" W
501 N(\,‘./:.«wv-\,w-m"\,,m tiene At \ogormen]
ECG1- ECG1e e 88 beabd inu e d SR S AR SLp l L SUL D REE SN Ban2i R
pAT1e pATT

pBO1+ pBO1-

weewa: ) [T VMMM Mam LU W,MMM“M@WLJMMWMW g 161 g 10 g 1
Fefs @ 46 Hi VN \Q \\ \ ONIR | ATl i e
F4Ca S P omtmpiny. \w-m-‘\y.. ‘,ﬂ.hlﬂ-v—-.w's"wm W e e, | / Pt te, W.'\'M«o\/““’w—nuh— TV SR
CaP4 \|./(“‘Ww-,m~m—w\«-~ - W\“/’ WJI "\.ﬁ PP AeAM g " [Npmnnd o) T s o s La S S
P02 B e e V) '\f\]‘r\ WM-««N \V |‘\‘,‘4 NN AN o sttt e

Fp2F8 n\.wv—vww Pt A ~"‘""~“—'( \/ A/,/“mw A Mprry £ Vo B T e el P |
F8T4 \,_r(‘r. "\-MWMVW'-«NJ'W“ (w J“"M‘W“Mv‘! /J\,,)M.\"w MDA ’ U sV, WW-—\NNN Ponran M,
T4 16 T KN ppermtemner gty msnod " B e A
T6 02 I pi B ram o AP o W P Ao -/' VAN A - bl
FiCz ‘.‘_,A“-‘.',.wﬁ." e g s Plrwsnr \"‘\N"" A AR e A At N e A e ™|
CzPz o AL NSNS P i i T —
Fp1F3 rv\"W‘W‘-MV“‘“""‘VW .
F3C3 Mn"“-www N AN AA A i\ V,wVWM‘V“'va.«N“—v*M-ﬁ‘V\-—w ]
C3P3 \,'NV-WWM-A— MNP e 0/ N i i A N P e e e Nt o
P30T Vo : WA e
Fp1F7 N A A AN A i WA Ny bt Vs ity g
F7T3 Mg M P A A g e /- e f
378 A A i A A i e N AMA Mt et it
T501 oI it
ECG1- ECO1¢ —a— — ] —
PAT1e PATI- Hon present

pBO1+ pBO1 Non present

weew [ T [T Y 1 0 1 O

Figure 4. Example of Type 3 PPR. Case 3: A 41-year-old patient with cognitive impairment and seizures since childhood under valproic
acid. Polyspike-wave discharges in parieto-occipital regions with anterior spreading are shown, recorded at: (A) 4 Hz, and (B) 12 Hz.
(high filters: 70 Hz; low filters 0.530 Hz; notch filter 50 Hz; sensitivity: 100 mV/cm; speed: 25 mm/s).

Several authors claim that maximum photosensitivity
is mainly observed around puberty (Kasteleijn-Nolst
Trenite, 1989; Clement and Wallace, 1990). In addition,
PS is reputed to significantly decline after 15-20 years
old (Verrotti et al., 2012; Kasteleijn-Nolst Trenite et al.,
2013). Our findings are consistent with this age-PS rela-
tionship. Regarding sex repartition, our cohort with
PPR included 31 women and 25 men (an approximate
2:1 ratio). Similarly, previous prevalence studies of
PPR and visually-induced seizures also showed a clear
predominance of about 60-70% in females for chil-
dren, adolescents and adults (Clement and Wallace,
1990; Obeid et al., 1991; Familusi et al., 1998; Nagarajan
et al., 2003; Verrotti et al., 2012). However, there are
studies suggesting that within some age groups, boys

are more photosensitive than girls (Kasteleijn-Nolst
Trenite, 1989).

The most epileptogenic IPS frequencies were between
8 and 24 Hz with peaks at 12 and 24 Hz. Harding
and Jeavons found similar results, namely at 10-25 Hz
(Harding and Jeavons, 1994). Regarding eye condi-
tions, it is largely accepted that eye closure is by
far the most sensitive state (Kasteleijn-Nolst Trenite,
1989; Kasteleijn-Nolst Trenité et al., 2012). Our results
showed that most photosensitive subjects experi-
enced PPR during eye closure on command. In a study
by Kasteleijn-Nolst-Trenite et al., out of 100 photosen-
sitive patients based on IPS, 93% had discharges at eye
closure, 81% with eyes closed and 66% with eyes open
(Kasteleijn-Nolst Trenite et al., 2002). The hypothesis
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Figure 5. Reactivity to intermittent photic stimulation (IPS) frequencies in patients who showed PPR. PPR appeared with eyes open in
only one case. The condition that most frequently resulted in PPR in response to IPS was eye closure. Data relative to eyes open are
not included as this was minimized during the recordings of this study.
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Figure 6. Example of Type 4 PPR. Case 1: A 16-year-old female patient with PPR consisting of generalized spike- and polyspike-wave
discharges at 3.5 Hz (IPS at 24 Hz). (high filters: 70 Hz; low filters 0.530 Hz; notch filter 50 Hz; sensitivity: 100 mV/cm; speed: 25 mm/s).

that this is due solely to the extent of illumination of
the retina is debatable. Other factors may be associ-
ated; the motor effect of eye closure or loss of attention
and visual fixation (Wilkins et al., 2004).

In all our 56 patients with Type 3-4 PPR, an epilepsy
had been diagnosed. This is disappointing since
numerous studies confirmed that PPR prevalence in
non-epileptic patients ranges from 0.5 to 8.9% (Quirk
et al., 1995; Verrotti et al., 2012). However, the present
study included only EEG laboratory referrals with a

high threshold for medical indication. This potentially
reduced the probability of recruiting non-epileptic
PS patients. On the other hand, we could hypothe-
size that selecting only Type 3-4 PPR is also a factor
that reduces the chance of identifying epilepsy-free
PPR. However, in this regard, Waltz et al. (1992),
studying 108 PS probands and associated 114 rela-
tives (siblings), reported that 76.3% had Type 3 and 4
PPRs among 93 who were non-epileptic. Thus, elec-
tive Type 3-4 PPR inclusion is insufficient to explain
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100% epilepsy diagnosis. The remaining hypothesis
is that Type 3-4 PPRs are frequently associated with
epilepsy diagnosis in Senegalese people. Regarding
epilepsy type, approximately 32% of our PPR cases
were associated with focal epilepsy and 10% with
combined generalized and focal epilepsy. This find-
ing is consistent with a predominant range of 20-40%
reported in the literature worldwide (total range of 2-
65% to the best of our knowledge) (Verrotti et al., 2012;
Kasteleijn-Nolst Trenite et al., 2017). Of the 56 PPR cases
recorded, 12 (21.4%) showed clinical manifestations
during IPS. One other, who was complaining of pho-
tosensitive events triggered by television and sunlight,
had an asymptomatic PPR during IPS. In comparison,
Kasteleijn-Trenite et al. reported clinical symptoms or
signs in 75% of cases based on a series of 36 PS patients
(Kasteleijn-Nolst Trenite et al., 1987). However, all the
36 patients were selected with the high-threshold crite-
rion of generalized PPR outlasting the photic stimulus.
In another UK multicentric study, about 49% of 79
PPRs were associated with epileptic clinical manifes-
tations, regardless of the timing of PPR (5,383 patients
in total). These two studies show higher clinical reactiv-
ity in PS patients compared with our cohort. This may
be a continuum of the higher PS rates in Caucasian
people.

Conclusion

We found a PPR prevalence of about 0.8% in all the
patients referred for routine EEGs and in 1.8% of those
who showed epileptiform discharges. Although fur-
ther work is needed, it appears that genetic factors,
but not high sunlight levels, are the main deter-
minants of photosensitivity. Above all, our findings
corroborate that African people are less photo-
sensitive compared with Caucasians. The surprising
absence of non-epileptic patients among those who
displayed generalized PPRs suggests that Type 3-4
PPRs are frequently associated with a diagnosis of
epilepsy in Senegalese people (and probably anthro-
pological relatives) compared with others. There
are still many unresolved issues, in terms of phys-
iopathology, classification, and genetics, especially in
black Africans, and further knowledge on this sub-
ject would be enriched by multicentric studies in
Africa. O
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(2) What were the most epileptogenic frequencies?

TEST YOURSELF

(1) What was the prevalence of photosensitivity in this Senegalese study?

(3) Are Sub-Saharan Africans less photosensitive than others?

Note: Reading the manuscript provides an answer to all questions. Correct answers may be accessed on the
website, www.epilepticdisorders.com, under the section “The EpiCentre”.
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