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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
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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
data do not support a role of short-term ambient light 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.

Key words: epilepsy, photoparoxysmal response, intermittent photic
stimulation
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rain photosensitivity is an abnormal reactivity to
pecific photic stimuli. The phenomenon may be
etected on the electroencephalogram (EEG) as
isually-triggered epileptiform discharges, namely
hotoparoxysmal response (PPR) (Harding and Jeav-
ns, 1994; Kasteleijn-Nolst Trenite et al., 2001). The
linical manifestations of this photosensitivity are
eizures induced either by intermittent photic stim-
lation (IPS) or specific daily-life visual stimuli (such as
ickering, light through trees, visual patterns, televi-
ion, etc.) (Harding and Jeavons, 1994; Kasteleijn-Nolst
renite et al., 2001). IPS protocols vary across epilep-
ology teams, however, according to standardized
PS protocols, the patient is placed in a dim-light
nvironment, 30 cm from the stroboscope (Kasteleijn-
olst Trenite et al., 2013). Flash trains of an intensity
f 1 joule (at least 0.70 joule), with increasing fre-
uency (2 to 60 Hz), are emitted while the eyes
re open, closed and during eye opening or closing
Kasteleijn-Nolst Trenité et al., 2012). The PPR usu-
lly appears between 10 and 30 Hz and eye closure
s the most provocative condition (Kasteleijn-Nolst
renite, 1989; Harding and Jeavons, 1994; Kasteleijn-
olst Trenité et al., 2012). Photosensitivity may be

symptomatic or associated with idiopathic epilepsy
n most cases (Ricci and Vigevano, 1993; Badinand-

ubert et al., 1998; Kasteleijn-Nolst Trenite et al., 2002).
hotosensitive (PS) epilepsy is estimated to occur in
pproximately 1/4,000 of the population (Harding and
arding, 2010). It typically manifests around the age of
uberty and disappears by the third decade depend-

ng on the underlying condition (Martins da Silva and
eal, 2017). Almost all the published studies show
hat women are more affected than men (Clement
nd Wallace, 1990; Obeid et al., 1991; Nagarajan et al.,
003).
arious factors (both environmental and genetic)
ave been postulated to play a crucial role in deter-
ining photosensitivity. This quest has led to some

obust findings as well as some controversial reports
Fylan et al., 1999; Verrotti et al., 2012, 2005). However,
urrently, innate factors are considered as the main
eatures correlated with photosensitivity (Verrotti et
l., 2005; Kasteleijn-Nolst Trenite et al., 2013). Indeed,
lthough there are some acquired conditions that
ay lead to photosensitivity, this reactivity is gen-

rally genetically determined (Waltz and Stephani,
000).
urrently, photosensitivity has been studied in only
pileptic Disord, Vol. 22, No. 5, October 2020

ew published African studies. Moreover, no West-
frican data are available, except for one 1983
tudy with major limitations (Danesi and Oni, 1983;
asteleijn-Nolst Trenite et al., 2013; Martins da Silva
nd Leal, 2017). The main previous relevant African
tudies were completed in East-African and South-
frican countries, and were undeniably specific to
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A Senegalese study of photoparoxysmal response

nthropological and environmental factors associated
ith these areas, in contrast to the West-African
opulation. Interestingly, during last decades, several
tudies have tried to find genetic and environmental
actors that may support the epidemiological differ-
nces in PS epilepsy observed through the world.
herefore, our aim was to describe photosensitivity

n patients with PS epilepsy in Senegal (West Africa)
elative to other published data.

ethods and materials

esearch location

he Neurology department of Fann University Hospital
s a leading centre of neurological care for Senegal and
eighbouring states. About 6,000-7,000 routine EEG
ecordings are performed every year, including both
aediatric and adult patients.

tudy population and data collection

or this cross-sectional study, we prospectively
creened 6,808 consecutive outpatient routine EEGs
ecorded over one year. More than 99.5% of patients
ere black. In total, 3,065 individuals displayed epilep-

iform EEG discharges, including 56 individuals with
PR (figure 1). We then collected the following infor-
ation from these PPR cases: demographic data

age, sex), age at epilepsy onset and seizure type (if
elevant), daily-life photosensitivity history, family his-
ory of epilepsy and photosensitivity, risk factors for
pilepsy, objective neurological examination findings,
nd EEG data (background and anomalies). We defined
pileptic syndromes according to the revised Inter-
ational League Against Epilepsy classification (ILAE,
017; Scheffer et al., 2017).

EG recordings

ll EEGs recordings were performed with an 18-
hannel EEG recording (Micromed, Brainquick amplifi-
ator SAM FC1 of 32 channels, Instruments Ltd., France)
nd standard 10-20 system (sampling rate: 256 Hz).
yperventilation followed by IPS (3-5-min delay) was

arried out for all 56 epilepsy patients. The IPS was
erformed using a photic stimulator (circular xenon

amp, central fixation point on diffuser, maximal inten-
611

ity > 100 Nit-s per flash, enabling 1-60-Hz flashing
ange). The stroboscopic light source was placed at
bout 30 cm from the nasion. The room was kept dimly
ighted during IPS. The sequence of IPS frequencies
ested were 1, 4, 8, 12, 16, 18, 24 and 28 Hz (increas-
ng and decreasing sequences), with eyes open, eye
losure, and eyes closed. Note that patients had eyes
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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
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igure 1. Patient selection flowchart.
PR: photoparoxysmal response, IPS: intermittent photic stimu-

ation, FBTC: focal to bilateral tonic-clonic.

pen between stimulations and closed them at the
tart of stimulation. Only symptomatic PPRs led to IPS
essation.

efinition of PPR

PR were analysed according to the criteria proposed
y Waltz et al. (Waltz et al., 1992) (table 1). We collected
ases with pathological PPR based on the occurrence
f:
any PPR Type 3 and 4 with clinical history of epilepsy;
or any epileptic seizure triggered by IPS.
altz Type 1 and 2 PPRs were excluded because of

he poor inter-rater reliability, the uncertain semiolog-
cal value and the fact that these responses are usually
xcluded in PPR studies.
12

esults

emographic characteristics

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

m
2
t
r
w
(
u

frontal region

Type 4 Generalized discharges
with spikes and waves or
polyspikes and waves

5 men (sex ratio of 0.8). The mean age was 13.3 ±
0.2 years (range: 0.8-59) and 42 patients (64.6%) were
nder 20 years old (figure 2). Among the 56 patients, 16
pilepsy-known cases were referred for control EEG,
3 for suspected epilepsy, six for unexplained cognitive
mpairment, and one for unexplained headaches.

pileptiform findings and epilepsy diagnosis

ased on spontaneous interictal EEG findings and clin-
cal follow-up, epilepsy was diagnosed in all the 56
atients. Of them, 40 were not known to be epilep-

ic. During the recordings, 12 patients showed clinical
anifestations triggered by IPS. Only one complained

f photosensitive seizures triggered by television and
unlight, and this patient had a PPR during IPS without
ssociated clinical manifestation. Overall, we diag-
osed generalized epilepsy in 23 patients (41%), focal
pilepsies in 18 (32%), combined generalized and focal
pilepsies in 10 (18%), and unknown onset in five
9%). The distribution of patients according to the ILAE
pilepsy classification (2017) is shown in table 2.

hotic reactivity

mong the 56 patients, 41 (73%) displayed Type 4
PR (figures 3, 4) while the others displayed Type 3
esponse during IPS (samples are illustrated in figure 5).
he PPR was mostly observed in the patients with

diopathic generalized epilepsy. The frequencies that
Epileptic Disord, Vol. 22, No. 5, October 2020

ost commonly elicited PPR ranged between 12 and
4 Hz (figure 6). The PPR outlasted the IPS by more
han 100 ms in eight patients (14.2%). Photoconvulsive
esponse in the form of jerks involving the limbs or
hole body, or eyelid twitching, occurred in 12 patients

21.4%). Eye closure PPR was the most provocative stim-
lus (figure 6).
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Figure 2. Age repartition of patients with photoparoxysmal response. M
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)
(4 cases of juvenile
myoclonic epilepsy)

23 (41%)

Non-motor (absence)
Typical (n = 5)
Atypical (n = 1)
Eyelid myoclonia
(n = 1)

Unknown onset Motor (n = 4) 5 (9%)

Non-motor (n = 1)
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table 3 with respect to these parameters. Nevertheless,
Combined
generalized and
focal

N/A 10 (18%)

/A: not applicable.
pileptic Disord, Vol. 22, No. 5, October 2020

iscussion

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

i
i
1
t
a
T

ost of the PPR cases were 6-10 years old and 75% of the patients

ubsequent investigations in an attempt to identify
actors and mechanisms underlying the features of
his abnormal brain reactivity. Currently, interesting
ndings have been widely published. However, there

s a lack of data describing PS epilepsy features in
ome geographic areas, mainly African regions. In our
rospective study, we aimed to describe photosensi-

ivity in Senegal (West Africa) by analysing clinical and
EG findings in order to identify local specificities, if
ny. We collected 56 EEGs with generalized PPR out
f 3,065 pathological EEGs (a total of 6,808 routine
EGs were performed for outpatients regardless of
he clinical indication) during 2016. The prevalence
f photosensitivity in the present study is among the

owest (0.8% of all EEGs and 1.8% of EEGs with sponta-
eous epileptiform discharges) compared with data in

he literature (de Graaf, 1992; de Graaf et al., 1995; Lu
t al., 2008; Verrotti et al., 2012; Kasteleijn-Nolst Trenite
t al., 2013; Koutroumanidis et al., 2015; Whitehead
t al., 2016). Numerous prevalence studies have been
onducted in various countries. However, interpreta-
ion of these results is complicated by the significant
ariation of study designs with respect to race, age
children versus adults), indication of EEGs included
confirmed epilepsy versus suspected epilepsy versus
ny indication), IPS frequencies used, and definition
f PPR. The most relevant studies are summarized in
613

n Holland, Germany, and South Africa, PPR is found
n 5-8% of epileptic patients (Kasteleijn-Nolst Trenite,
989; de Graaf, 1992; Nagarajan et al., 2003), compared
o only 1-2% in India, Nigeria, or Zimbabwe (Danesi
nd Oni, 1983; Saleem et al., 1994; Familusi et al., 1998).
he lower prevalence of PPR among epilepsy patients
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igure 3. Example of Type 4 PPR with a fragmented build-up. Case
or bilateral tonic-clonic seizures evolving over two years; medi
olyspike-wave discharges are shown during IPS at: (A) 4 Hz; (B
lter 50 Hz; sensitivity: 100 mV/cm; speed: 25 mm/s).

n our study could be partly due to the high level
f sunshine throughout the year in tropical African
egions, which may be speculated to have a protective
nfluence on IPS. In this regard, Danesi reported
easonal variations in the incidence of PPR among
hotosensitive epileptic patients (Danesi, 1988). In his
tudy, 49 white patients were recorded through the
easons: 22 in summer, 35 in winter, 17 in spring and
6 in autumn. The lowest incidence of PPR occurred
mong summer recordings (9.1%) and the highest
mong winter recordings (96%). Moreover, 11 patients
seven with generalized epilepsies and four focal
ases) were recorded both during winter and summer.
n these patients, only 2/14 recordings showed PPR in
ummer whereas only 1/11 recordings was free of PPR
uring winter. However, following this publication, in
short letter, a subsequent response was specifically

ddressed by Trenite et al. (1989) who reported oppo-
ite findings and conclusions (Trenite et al., 1989).
n this report, there were no significant seasonal
ifferences in the incidence of photosensitivity with
egards to the relationship between new identified PS
atients and number of new EEG referrals per season
14

20/586 in spring, 20/492 in summer, 37/609 in autumn
nd 23/655 in winter; total of 2,342). Furthermore, when
ividing their PS cohort into two equal groups based
n their degree of photosensitivity at the time of first
EG, no seasonal effect was found. Although they
sed a different methodology, these findings raise
uestions about the impact of duration of exposure to

t
(
2
T
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T
y

2-year-old epileptic patient known to have epilepsy, investigated
n: phenobarbital 100 mg die. Fragmented generalized bursts of
z; and (C) 16 Hz. (high filters: 70 Hz; low filters 0.530 Hz; notch

lobal sunlight. In any case, the extrinsic hypothesis,
ith an emphasis on individual life-time exposure

o sunshine, is not well supported by several studies
argeting ethnic differences in people living in the
ame geographic areas. Indeed, Familusi et al. (1998)
ound lower PPR prevalence in black people among
,082 Zimbabwean patients of 0-25 years old referred
or routine EEG (Familusi et al., 1998). They reported

PPR prevalence of 0.2% in black people, but 2.1%
n Caucasian and Asian individuals (Familusi et al.,
998). Moreover, in this study, 0.6% of Métis people
howed PPR, thus suggesting genetic inheritance. This
as similar to the results of De Graaf et al. (1992) who

ound PPR in 0.4% of black people, 4% in Métis people
nd 5.2% in Caucasians (de Graaf, 1992). De Graaf et
l. confirmed this tendency in 1995, reporting PPR in
.7% Caucasians (72/2657), 0.1% black people (1/848)
nd 0.9% Métis people (55/5,958) (de Graaf et al., 1995).
lthough these studies suggest a robust ethnicity-

elated genetic element to PPR, an epigenetic impact
f ambient sunshine cannot be excluded. This hypoth-
sis may explain why Indian people (mostly living in
ropical areas) seem to have lower PPR prevalence
Epileptic Disord, Vol. 22, No. 5, October 2020

han other Asians such as Japanese and Chinese
Saleem et al., 1994; Shiraishi et al., 2001; Bai et al.,
019).
he main age range of our PS cohort was 6-10 years
22/56 patients) followed by 10-20 years (20/56 patients).
hus, 87.5% of the patients with PPR were under 20
ears old while 75% of them were 6-20 years old.
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A B

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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Epileptic Disord, Vol. 22, No. 5, October 2020
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PR. However, in this regard, Waltz et al. (1992),
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her work is needed, it appears that genetic factors,
ut not high sunlight levels, are the main deter-
inants of photosensitivity. Above all, our findings

orroborate that African people are less photo-
ensitive compared with Caucasians. The surprising
bsence of non-epileptic patients among those who
isplayed generalized PPRs suggests that Type 3-4
PRs are frequently associated with a diagnosis of
pilepsy in Senegalese people (and probably anthro-
ological relatives) compared with others. There
re still many unresolved issues, in terms of phys-
opathology, classification, and genetics, especially in
lack Africans, and further knowledge on this sub-

ect would be enriched by multicentric studies in
frica. �
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