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Relation of photosensitivity to epileptic syndromes

P WOLF,* R GOOSSES
Abteilung fiir Neurologie, Klinikum Charlottenburg der Freien Universitdt, Berlin, Federal Republic of Germany

SUMMARY Photosensitivity is the most common mode of seizure precipitation. It is age-related,
more frequent in females, and most often found in generalised epilepsies. Little is known about its
relation to individual epileptic syndromes. This study on 1062 epileptic patients who had 4007 split
screen video EEG investigations revealed that the relation to generalised epilepsy is even more close
than generally believed. Versive seizures with visual hallucinations was the only focal seizure type
related to photosensitivity. Of the syndromes of generalised epilepsy, only childhood absence epi-
lepsy, juvenile myoclonic epilepsy, and epilepsy with grand mal on awakening were related to
photosensitivity. The closest correlation was with juvenile myoclonic epilepsy. This is confirmed by
a relation to the poly-spike wave pattern, and by an increase of myoclonic seizures by intermittent
light stimuli. No relation was found with early childhood syndromes of generalised epilepsy, or
generalised tonic-clonic seizures in the evening, or, most remarkably, with juvenile absence epilepsy.
In generalised epilepsies with onset around puberty, photosensitivity could thus act as a patho-
plastic factor. The female preponderance in both childhood absences and photosensitivity could be

due to the same unknown factor.

Photosensitivity does not necessarily signify epi-
lepsy.! In connection with epilepsy, photosensitivity
is the most common mode of sensory seizure precip-
itation. The literature on this subject is extensive,
covers many aspects, and has been reviewed repeat-
edly.!~* Some questions, however, are still open.
Thus, in recent years the opinion prevails that photo-
sensitivity is related to generalised rather than local-
ised epilepsies but little is known about its relation to
more specific syndromatic entities. These are the sub-
ject of the present study.

Material and methods

The study is based on all EEGs of epileptic patients who
were registered in our video EEG laboratory in the period
1 January 1974 to 31 May 1982. Photic stimulation and
video recordings were routine.

A stroboscope with a clear glass and a flash luminance of
750.000 lux (measured at 1 m distance at the point of maxi-
mal illumination) was used in frontal position at 50 cm from
the eyes thus subtending a visual angle of about 14°. Flashes
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of increasing and decreasing frequency from 3 to 30 Hz were
applied. In equivocal cases, stimulation blocks at various
constant flash frequencies, and irregular flash sequences
were added. The patients were repeatedly asked to open and
close their eyes at variable flash rates.

A diagnosis of photosensitivity required the precipitation
of a clinical seizure or spike waves, poly-spike waves or
repetitive spikes of a frequency independent of the flash rate.
Precipitation of such discharge was assumed if it appeared
de novo during photostimulation. If epileptic discharge had
already been present in the unprovoked EEG, precipitation
was assumed if two of the following conditions were
fulfilled: threefold or more increase compared with the 2
minutes of highest discharge density in the unprovoked
EEG, changing phenotype compared with baseline, or
repeated correlation of discharge to eye closure during
photo-stimulation. De novo appearance of flash rate
dependent discharge and generalised slow rhythms as well as
doubtful increase of epileptic discharge was considered as
suspicious of photosensitivity. All other phenomena includ-
ing the “photomyoclonic response” of Bickford® or “photo-
myogenic response” of Rabending and Klepel® were
ignored.

All EEGs had been evaluated by the first author or under
his personal supervision, using identical criteria throughout
the study period. If these were not clearly stated in the
description, the original EEG was re-evaluated by the first
author. There were 4007 EEGs of 1062 patients. These were
assigned to one of three groups: patients without epileptic
discharge (n = 596), non-photosensitive patients with epi-
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leptic discharge (n = 345), and photosensitive patients
(n = 103).

In 18 patients, there was a suspicion of photosensitivity
that could neither be confirmed nor refuted. These were
excluded from the study. The mean age at first EEG
investigation of these patients (31-3 years) was higher than
that of unequivocally photosensitive subjects (21-9 years).
Their diagnostic ambiguity was not explained by a smaller
number of investigations (5-3 as compared with 5-8 in photo-
sensitive subjects and 5-4 in non-photosensitive patients with
epileptic discharge). On the other hand, a negative EEG
finding could be influenced by the number of investigations
(mean of 2-5 in this group of patients).

The three groups classified were compared with a series of
clinical and EEG data, and the syndrome diagnosed accord-
ing to the International Classification of Epilepsies and Epi-
leptic Syndromes.®
1 Localisation-related epilepsies and other epilepsies with
focal seizures,

2 Generalised idiopathic and/or symptomatic epilepsies
(West and Lennox-Gastaut-syndromes).

3 Childhood absence epilepsy (pyknolepsy) with or with-
out generalised tonic-clonic seizures but without myoclonic
seizures.

4 Juvenile absence epilepsy with or without generalised
tonic-clonic seizures but without myoclonic seizures.

5 Juvenile myoclonic epilepsy with or without absences or
generalised tonic-clonic seizures.

In addition, all patients with generalised tonic-clonic sei-
zures (alone or associated with minor seizures) were consid-
ered separately according to their relation to the
sleep-wake-cycle distinguishing four groups:
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Fig Age at first investigation in our EEG video laboratory.
Mean age of photosensitive patients was 21-9 years

(SD + 11-2), of non-photosensitive patients 33-1 years

(SD + 15-4). The difference is significant (p < 0-001). Thin
line, all epileptic patients (n = 1062). Thick line,
photosensitive patients (n = 103).
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Table 1  Photosensitivity and age of onset of epilepsy

Mean age in years (SD)

Photosensitive subjects 144 + 51
Non-photosensitive subjects 199 + 7-6*
— with epileptic discharge 160 + 7-1

— without epileptic discharge 222 + 77t

Significant differences from photosensitive subjects, *p < 0-01;
tp < 0-001.

I generalised tonic-clonic seizures on awakening,

2 generalised tonic-clonic seizures in the evening leisure,
3 generalised tonic-clonic seizures during sleep,

4 generalised tonic-clonic seizures of random distribution.
The rationale for this grouping is given in Janz.”

Results

Relation to seizure types and syndromes

Of the 1044 patients with an unequivocal rating, 103
(99%) were photosensitive. Photosensitivity was
found mainly in patients whose first EEG was
recorded between the ages of 10 and 25 years (fig).
The age at onset of their epilepsy (mean 14-4) was
lower than that of non-photosensitive subjects in gen-
eral but did not differ from that of non-photosensitive
patients with epileptic EEG discharge (table 1).

Three fifths of the photosensitive persons were
females in contrast to the opposite sex ratio in the
other patients (table 2).

Eighty-eight percent of photosensitive patients
suffered from generalised epilepsies that, otherwise,
only slightly prevailed in this material (table 3).

When the various syndromes of generalised epi-
lepsy are considered separately, only three of them
were significantly related to photosensitivity: child-
hood absence epilepsy or pyknolepsy, juvenile myo-
clonic epilepsy, and epilepsy with generalised
tonic-clonic seizures on awakening. No significant
relation was found with the mostly symptomatic gen-
eralised syndromes of early childhood (West and Len-
nox), with juvenile absence epilepsy (as long as the
patients did not have additional myoclonic seizures),
or with generalised tonic-clonic seizures in the eve-
ning leisure. The most striking difference was that
between the two absence syndromes. These have typi-
cally different ages of onset that could influence the
investigation ages. If this was so, it would in turn
influence the rate of photosensitive subjects. From
table 4, it can be seen that this is not true: the
investigation ages of the absence syndromes are very
close although their ages of onset are different.

Table 4 indicates further that the investigation age
of non-photosensitive patients was considerably
higher than that of photosensitive patients. This,
however, is not true for the generalised epilepsies of
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Table 2 Sex ratios of photosensitive and non-photosensitive subjects in whole cohort and syndromes with frequent
photosensitivity

Childhood absence Juvenile myoclonic Epilepsy with grand mal
Total cohort epilepsy epilepsy on awakening

Photosensitive

Males 42 8 12 13

Females 61 9 25 22
Non-photosensitive

Males 571 33 49 130

Females 370 4 35 105

The different sex ratios of photosensitive and non-photosensitive subjects are significant in whole cohort (p < 0-001), juvenile myoclonic

epilepsy (p < 0-01) and GM on awakening (p < 0-05).

Table 3  Photosensitivity and epileptic syndromes

Photosensitive Non-photosensitive
(A) Whole cohort
Generalised epilepsies 91 (15-2%) 507 (84-8%)
Localisation-related epilepsies 12 (217%) 434 (97-3%)t
(B) Syndromes of generalised epilepsy
West and Lennox syndromes 7(17-1%) 34 (82:9%)
Childhood absence epilepsy 17 (18:0%) 77 (82-0%)*
Juvenile absence epilepsy 6 (7-5%) 74 (92-:5%)
Juvenile myoclonic epilepsy 37 (30-5%) 84 (69-5%)t
(C) Syndromes of grand mal in relation to the sleep-waking cycle
Grand mal on awakening 35 (13-0%) 235 (87-0%)*
Evening grand mal 4 (10:0%) 36 (90-0%)
Sleep grand mal 6 (44%) 131 (95-6%)
Random grand mal 3 (46%) 62 (95-4%)
*p < 0-01; + p < 0-001.
Table 4 Syndromes of generalised epilepsy and age groups
Syndromes West plus Childhood Juvenile Juvenile Grand mal Evening
Lennox absences absences myoclonic on awakening  grand mal
Age of onset in years with SD
Photosensitive subjects 55+ 29 80 + 52 120 + 65 126 + 43 132+ 73 243 + 160
Non-photosensitive subjects 45+ 32 95+ 60 138 + 70 160 + 69 154+ 90 196+ 98
Age at investigation
Photosensitive subjects 159 + 71 168 + 94 155 + 42 23-6 + 10-7 223 + 1144 268 + 160
Non-photosensitive subjects 149 + 71 29-5 + 136 286 + 14-1 325 + 132 342 + 136 344 + 131

infancy and preschool age, whose investigation age
for both subgroups roughly coincided with the age in
which photosensitivity is most prominent.

Sex ratios for photosensitive and non-
photosensitive subjects were different in the various
syndromes but with one exception: in childhood
absence epilepsy, a syndrome with female prepon-
derance, the sex ratio in both groups was identical
(table 2).

The 12 patients with focal seizures who were photo-
sensitive are not quite a homogeneous group (table 5).
Eight of them were diagnosed as epilepsy with gener-
alised and focal features as their EEGs presented pat-
terns of generalised epilepsy in spite of the focal
seizures, and sometimes additional focal EEG
findings; three of these have also generalised seizures
(absences or myoclonic and astatic). Then, there are

three patients whose photosensitivity presumably was
not constitutional but provoked by withdrawal of
drugs (phenobarbitone, clonazepam, carbromal).
Here, photosensitivity was only found once, immedi-
ately following drug withdrawal, in contrast to as
many as 10-20 previous and later EEGs without any
signs of photosensitivity.

In the one remaining patient, a seizure was
recorded in the unprovoked EEG. It started with
visual hallucinations followed by a tonic versive
movement of the head to the left. In the EEG, it
began with a right parietal rhythmic activity.

In not less than five of the photosensitive patients
with focal seizures, these were versive with visual hal-
lucinations (three simple phosphenes, two complex
such as the face of a witch or a skull) or consisted of
one of these symptoms.
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Table S  Photosensitivity and focal seizures
Seizure type Drug withdrawal Generalised EEG patterns Parieto-occipital focus N
Complex focal 2 3() 0 5
Versive/visual 1 3() 1 5
Other 0 2(1) 0 2

3 8(3) 1 12

Parenthesis: patients with additional generalised minor seizures.

Table 6 Seizures observed during EEG investigation

Seizure type During photic stimulation

In photosensitive patients

outside photic stimulation In non-photosensitive patients

Bilateral myoclonus 2
Palpebral myoclonus*

Absence

Generalised tonic-clonic

Simple focal

Complex focal

[=X=J- JN-F VY

2 9
2 14
14 46
1 7
2 6
2 9

*Presumably absences with mild clonic components but not rated as such because responsiveness was not tested.

Table 7  Photosensitivity and findings in the unstimulated EEG

EEG finding Photosensitive subjects Non-photosensitive subjects p <
Slow — spike wave* 0 26 0-01
Spike-wave 61 (25%) 184 (75%) ns
Poly — spike-wave 29 (50%) 29 (50%) 0-001
Bilateral epileptic discharge
— generalised 80 (33%) 163 (67%) 0001
— more restricted 22 (15%) 128 (85%)
Regional accentuation of bilateral discharge
— frontal 21 (15%) 120 (85%)
— temporo-parietal 7 (9%) 71 (91%) 0-001
— occipital 48 (70%) 21 (30%)
Focal abnormalities of any kind 6 (2%) 252 (98%) 0-001

*Spike-waves slower than 3Hz in the absence of more rapid patterns in the same patient.

Seizures during photic stimulation

In 46 of the 103 photosensitive patients, not only epi-
leptic EEG discharges but also clinical seizures were
precipitated (table 6). With few exceptions, owing to
problems with the technical outfit, the seizures were
recorded by split screen TV with simultaneous EEG.
The reliability of classification of recorded seizures in
this cohort, is, thus, unusually high.

The most common seizure type with photic stimu-
lation was the one that is characteristic for juvenile
myoclonic epilepsy: bilateral, arrhythmic myoclonic
seizures in clear consciousness and with accentuation
in the distal upper extremities. Apart from generalised
tonic-clonic seizures, this type was the only one the
frequency of which was increased by photic stimu-
lation. Absences were found relatively infrequently
and, even in photosensitive patients, were more often
observed outside photic stimulation (mostly during
hyperventilation). Focal seizures were not registered
during photic stimulation.

EEG findings
The following EEG parameters were considered:
background activity, response to visual stimuli, focal
slowing, bilateral epileptic discharge (type, frequency,
regularity of shape, generalisation or not, local accen-
tuation), and focal epileptic discharge.
Photosensitivity was related to poly-spike wave, to
generalised distribution of epileptic discharge and to
its occipital accentuation. It was inversely correlated
with slow spike waves (if there were no additional
more rapid patterns), and to focal findings (table 7).

Discussion

Some of the basic findings of this study such as age
dependency of photosensitivity, its sex ratio and its
relation to generalised epilepsy are well-known and
indicate comparability of this sample with-other stud-
ies that reported similar correlations. The rates of
photosensitivity of this investigation are probably
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minimal. In all syndrome groups but one the photo-
sensitive patients were on average about 9-12 years
younger than the non-photosensitive ones. The
investigation ages of the latter are beyond the optimal
age for discovering photosensitivity with the stimu-
lation method used here. Then, the patients were,
with few exceptions, on medication at investigation.
In some patients, pre-existent photosensitivity may
have been suppressed by medication. The finding that
photosensitivity was correlated with generalised dis-
tribution of spike-wave discharge in contrast to a
more restricted distribution probably reflects more
efficient control of seizures and, perhaps, photo-
sensitivity in the latter.

Only a few photosensitive patients had focal sei-
zures. They all belonged to three somewhat unusual
groups: three of them presented signs of photo-
sensitivity only once in a series of EEG investigations,
obviously precipitated by withdrawal of some drug,
the withdrawal of which is known sometimes to pro-
duce such an effect. The second group were patients
who presented with both focal and generalised epi-
leptic signs and symptoms. Presumably their photo-
sensitivity was related to the generalised and not the
focal aspect of their seizure disorder. Finally, there
was a group of patients whose focal seizures were
characterised by visual hallucinations or a versive
movement of the head or a combination of both.
Between this group and the previous one there was, in
our material, considerable overlap. The common
denominator for photosensitivity and seizures with
visual hallucinations is probably dysfunction of the
visual cortex which is also indicated by the correlation
of photosensitivity with occipital accentuation of
spike wave discharge.

To conclude, the relation of photosensitivity to
generalised rather than localisation-related epilepsies
appears to be even closer than expected, and if there is
a correlation with cortical localisation, it seems to be
mostly to the occipital cortex. In general, focal EEG
signs are even negatively correlated with photo-
sensitivity.

The correlations of the various syndromes of gener-
alised epilepsy with photosensitivity were not uni-
form, which is an unpredicted finding. For the
syndromes of early childhood that are mostly symp-
tomatic epilepsies, no significant correlation was
found. This could be a problem of small numbers, as
the actual occurrence of photosensitivity in this group
is of the same magnitude as in pyknolepsy and epi-
lepsy with grand mal on awakening. It has to be
noted, however, that this entire group, unlike the oth-
ers, was investigated at the peak age of photo-
sensitivity. We have calculated age-related rates of
photosensitivity in our whole cohort, and obtained
figures of 32:9% in the age group 11-15 years, and
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15:7% in the age group 16-20 years. The patients
with early childhood syndromes were investigated at
15-1 + 7-1 years. Thus, their rate of photosensitivity
(17-1%) is not above average age expectancy.

At their onsets, the early childhood syndromes
have characteristic EEG patterns: hypsarrhythmia in
West’s syndrome, and slow spike waves in Lennox-
Gastaut-syndrome. We are not aware of a longi-
tudinal investigation of the evolution of these
patterns. It is well-known, however, that EEG
investigations of such patients in adolescence and
adulthood give different results. Hypsarrhythmia is
very rarely found at that age, and was only present in
one of our patients. Slow spike waves will often still
be present but in many patients together with more
rapid spike wave patterns. It was interesting to see
that of the 26 of our patients who had only slow spike
waves, none was photosensitive. This could indicate
that in patients with generalised epileptic syndromes
of early childhood, the development of spike wave
discharge of 3 Hz or faster is to some extent a prere-
quisite for the development of photosensitivity.

Then, no significant correlation was found with the
more rare of the two syndromes of generalised epi-
lepsy with generalised tonic-clonic seizures, and gen-
eralised tonic-clonic seizures in the evening leisure.
Again, however, the actual rate seems somewhat
elevated in this patient group that might be too small
to reach statistical significance. Two other factors
could contribute to a smaller rate of photosensitivity
in these patients as compared with generalised tonic-
clonic seizures on awakening. The age of onset of eve-
ning epilepsy is later than of awakening epilepsy, and
beyond the peak age for photosensitivity. This age
difference is not significant in our material but has
been observed previously in another study® where it
was significant. Then, there was, in our patients with
this syndrome, a preponderance of male patients who
are less prone to photosensitivity. Thus, a decreased
rate of photosensitivity in this group may be second-
arily dependent on other characteristics of this entity
which perhaps is no syndrome of its own but rather a
subvariety of awakening epilepsy.’

The most remarkable finding was the difference
between the two absence syndromes when patients
with additional myoclonic seizures had been
excluded. Childhood absences are clearly correlated
with photosensitivity. There is, however, one remark-
able difference from other syndromes: here, the sex
distribution of photosensitive and non-photosensitive
subjects is identical whereas, elsewhere, photo-
sensitivity is more frequent in females. Childhood
absence epilepsy is the only important syndrome of
generalised epilepsy with female preponderance. It is
concluded that it could be the same factor that causes
female preponderance in both childhood absence epi-
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lepsy and photosensitivity. This unknown factor
could be responsible for the relation of both.

Surprisingly, no correlation with photosensitivity
could be demonstrated in juvenile absence epilepsy.
This difference is not explained by different
investigation ages. The finding has to be contrasted
with juvenile myoclonic epilepsy which had the high-
est rate of photosensitivity of all epileptic syndromes
in spite of a relatively late investigation age. Both
these syndromes become manifest at approximately
the same age. The hypothesis is tempting that photo-
sensitivity is a pathoplastic factor. In the mani-
festation of generalised idiopathic epilepsy with
minor seizures around puberty, the presence or
absence of photosensitivity could be decisive for the
seizure type that develops. This hypothesis is further
supported by our finding concerning the seizure types
precipitated by photic stimulation and video docu-
mented. Apart from generalised tonic-clonic seizures,
myoclonic seizures of the type characteristic for juve-
nile myoclonic epilepsy was the only seizure type that
was unequivocally increased by exposure to light
flashes. Absences were, even in photosensitive sub-
jects, observed more often without photic stimu-
lation. As photic stimulation accounts for only about
one tenth of the whole EEG investigation, this finding
must not be over-estimated. Thus, a possible conclu-
sion that photic stimulation may inhibit absences, for
example by an increase of vigilance, cannot be based
on these figures.

The close correlation with the typical seizure of
juvenile myoclonic epilepsy, however, is beyond
doubt. In addition, the correlation of photosensitivity
with the typical EEG pattern of this syndrome, poly-
spike should be mentioned.

Photosensitivity is generally considered as a gene-
tically determined phenomenon.!* The existence of
symptomatic forms is doubtful in spite of the con-
spicuous frequency of photosensitivity in some disor-
ders with myoclonias such as the Ramsay Hunt
syndrome or Lafora’s disease.® !1° Could the photo-
sensitivity of juvenile myoclonic epilepsy be a symp-
tomatic form connected with the myoclonias?
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Phenomenologically it does not differ from photo-
sensitivity in other patients. The sex ratio of photo-
sensitive patients with juvenile myoclonic epilepsy
contradicts a symptomatic form as it is the same as
in other photosensitive subjects and different from
non-photosensitive patients with juvenile myoclonic
epilepsy. However, a genetic study is desirable of
the kind of Doose’s study on absences and
photosensitivity! which revealed that the photo-
sensitivity genetics of these patients are separate from
the genetics of epilepsy.
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