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SUMMARY 

The objectives of this investigation were to determine 
the effects of stimulus parameters on photosensitivity and that of 
therapeutic measures using sodium valproate (Epilim (R)), thereby 
obtaining further insight into the characteristics and operation 
of photosensitive epilepsy. 

The most provocative stimulus in eliciting the photo- 
convulsive response (PCR) was found to be a fine flashed-on grid 
pattern. The photosensitive visual evoked potential (VEP) was 
enhanced by optimal stimulation of the macular. 

Standard antiepileptic drugs had no beneficial effects 
on photosensitivity and, before sodium valproate treatment, some 
patients still exhibited photosensitivity even after 12 years 
from onset. 

Fifty photoconvulsive patients, ranging in age from 6 - 
25 years, were referred for investigation from hospitals in the 
Birmingham area, Recording was made of the basic and photically 
activated EEG and the VEP before and during sodium valproate 
treatment. Sixteen patients were similarly investigated after 
drug withdrawal. 

Sodium Valproate was found to be particularly effective 
in the treatment of spontaneous and photically evoked generalised 
spike and wave abnormalities. Optimum dosage levels were found 
for each patient, which ranged from 600-1600 mgm. daily with a 
modal dosage of 1000 mg/day. The majority of patients (78%) 
showed a significant improvement in photosensitivity after a 
variable treatment period from 1 month to 2 years 9 months (mean 
9 months). The basic EEG showed marked benefit, on average 4.5 
months previous to the effect on photosensitivity. Sodium 
valproate reduced VEP amplitude to some extent but no effect 
occurred on occipital spikes. The general effect of sodium 
valproate withdrawal was either a reappearance or increase in 
spontaneous and photically evoked abnormalities. Clinical 
findings during treatment were favourable. Overall only 16% of 
patients showed definite side-effects as a result of sodium 

valproate therapy. 
The results are discussed in relation to the possible 

pathophysiological mechanisms of photosensitive epilepsy. 

Key Words; Photosensitive Epilepsy, Sodium Valproate, 

Electroencephalogran, Prognosis, 

Intermittent Photic Stimulation.



di 

ACKNOWLEDGEMENTS 

I would like to thank Professor G.F.A. Harding for 

his invaluable guidance and supervision of this research. 

Similar thanks go to Doctor P.M. Jeavons for allowing his 

patients to take part in the investigation, and Doctor 

M.C. Maheshwari for his clinical assistance. 

I also wish to extend my thanks to friends and 

colleagues in the Neuropsychology Unit for all their various 

help. 

I am particularly grateful to Eileen Beddows and 

Linda Barber for typing the thesis. 

Special thanks go to my parents, Maurice and 

Elizabeth Herrick, for their constant encouragement and 

support over the years and last, but definitely not least, 

to my husband, Neil, for all his help and undying patience. 

This work was supported by a Research Studentship 

grant from Reckitt and Coleman, Pharmaceutical Division, 

Hull.



SECTION 1, 

1. 

1.1. 

1.2. 

1.3. 

1.5.1. 

1.3.2. 

1.4. 

1.5. 

1.6. 

V.661. 

1.6.2. 

1.6.3. 

1.7. 

1.6. 

1.9. 

1.10. 

1.11. 

1.12. 

1.13. 

ee 

2.1. 

2.1.1. 

2.1.2. 

2.2. 

eels 

Seles 

LITERATURE REVIEW 

INTRODUCTION TO PHOTOSENSIVITY 

Definition and Incidence in the Population. 

Early History. 

Precipitating Factors. 

Television epilepsy. 

Self-induced epilepsy. 

Group Classification. 

Seizure Type. 

Aetiology of photosensitivity. 

Inheritance. 

Age. 

Sex. 

Photostimulators, 

Frequency. 

Duration of IPS. 

Intensity and Diffusion. 

Background Illumination. 

Distance of the Lamp. 

Colour. 

EEG AND CLINICAL STUDIES 

The Basic Record. 

Group differences. 

The effect of eye-closure. 

EEG Responses to IPS: Their Clinical 

Significance. 

The photomyoclonic response. 

The photoconvulsive response. 

Page. 

10 

18 

ee 

25 

27 

2? 

oe 

) 

38 

43 

49 

51 

5h, 

54 

55 

55 

59 

61 

63



Geeede 

2.2.4, 

2.3. 

2.4. 

2.4.1. 

2.4.2. 

2.4.5. 

2.5. 

2.6. 

2.6.1. 

2.6.c- 

2.7. 

3. 

3.1. 

3.2. 

3.3. 

3h. 

3.5. 

3.5.1. 

3.5.2. 

3.5+5- 

3.504. 

5505 

3.56. 

565676 

3.5.8. 

3.6. 

iv 

Occipital abnormalities. 

Photic driving. 

The Sensitivity Range. 

Eye States. 

Monocular stimulation. 

Position of the eyelids. 

Direction of gaze and lateral illumination. 

Pattern. 

The Visual Evoked Potential. 

The VEP in epilepsy. 

The photosensitive VEP and occipital spikes. 

Sleep Studies. 

THERAPY 

Conditioning. 

Monocular Occlusion. 

Spectacles. 

Biofeedback. 

Antiepileptic Drugs. 

Barbiturates and Primidone. 

Benzodiazepines. 

Carbamazepine. (Tegretol) 

Eydantoins. 

Oxazolidine - diones. 

Phenylureas. 

Succinimides, 

Sulfonamides. 

Antiepileptic Drugs and Photosensitivity. 

Page 

67 

Ge 

&2 

82 

83 

85 

87 

91 

97 

99 

105 

107 

107 

Lak 

114 

117 

dee 

124 

126 

10 

LoL 

133 

134 

135 

137 

140



4. 

Al. 

4.2, 

Ieee, 

Ao. 

Ie Sele 

4.3.2. 

bebe 

4.5. 

4.6. 

Paya 

4.8. 

4.9. 

49.1. 

4.9.2. 

4.10. 

ie 

qe... 

4.11.2. 

4.11.3. 

4.11.4. 

4.11.5. 

4.11.6. 

4.11.7. 

4.11.8. 

4.11.9. 

4.12. 

4.12.1. 

4.12.2, 

SODIUM VALPROATE 

Chemical Structure and Synthesis. 

Pharmodynanics, 

Toxicology. 

Pharmokinetics. 

Absorption, elimination and excretion. 

Plasma serum levels. 

Delayed Release Forms. 

Dosage. 

Distribution. 

Mode of Anticonvulsant Action. 

Interaction with other Drugs. 

Effect on the EEG. 

Paroxystic abnormalities. 

Background EEG rhythms. 

Autonomic Effects. 

Clinical Trials. 

Absence seizures. 

Tonice-clonic seizures. 

Myoclonic epilepsy. 

Atonic/Akinetic seizures. 

Partial seizures with elementary 

symptomatology. 

Partial seizures with complex symptomatology. 

Mixed seizures. 

Childhood epilepsy. 

Summary. 

Side Effects and Contraindications. 

Tetragenicity. 

Behaviour. 

Page 

145 

145 

147 

148 

12 

150 

152 

155 

156 

159 

160 

166 

172 

bre 

176 

178 

179 

179 

182 

184 

186 

186 

188 

191 

193 

194 

196 

196 

197



Helos os 

qel2.h. 

4.12.5. 

4.12.6. 

4.12.7. 

ele .e 

SECTION 2, 

be 

del. 

52 

5.2sL6 

pease. 

6. 

6.1. 

6.2. 

6.3. 

6.4. 

6.4.1. 

6.4.1.1. 

6.4.1.2. 

6.4.1.3. 

6.4.1.4. 

6.4.2. 

vi 

Effect on blood platelets. 

CNS effects. 

Gastro-intestinal effects. 

Changes in appetite. 

Hair loss. 

Additional effects and summary. 

PHOTOSENSITIVE EPILEPSY AND ITS TREATMENT 

WITH SODIUM VALPROATE 

PROGNOSIS OF PHOTOSENSITIVITY 

Reliability of the Photosensitivity Range 

and its Limits. 

Prognosis. 

Developments over 12 years. 

Clinical history. 

THE EFFECT OF SODIUM VALPROATE ON THE 

BASIC EEG 

Patient Sample. 

Treatment Regime. 

Basic EEG Recording Technique. 

Interpretation of the Basic Record. 

Abnormalities, 

Interaction between the basic record and 

photosensitivity. 

Withdrawal of sodium valproate. 

Dosage effects on structural changes in 

abnormality. 

Conclusions. 

Background activity. 

Page 

198 

199 

203 

204 

205 

207 

208 

208 

218 

220 

222 

225 

225 

227 

229 

2n 

230 

232 

234 

236 

240 

2h1



6.4.2.1. 

6.5. 

6.6. 

6.7. 

6.7.1. 

6.7.2. 

6.7.2.1. 

6.7.2.2. 

6.7.2.5. 

6.7 2olte. 

6.7.2.5. 

7. 

71. 

711. 

Veleee 

7.2. 

221. 

7.36 

74. 

7035s 

726. 

767. 

7.8. 

729 

7.10. 

7.11. 

vii 

Period analysis. 

Sex Differences. 

Clinical Differences. 

The Visual Evoked Potential. 

Recording technique. 

Effect of sodium valproate. 

Pre-drug VEP. 

Optimum dosage VEP. 

Post-drug VEP. 

Conclusions. 

Occipital spikes andthe P2ab component. 

TREATMENT OF PHOTOSENSITIVITY WITH 

SODIUM VALPROATE 

Photic Stimulation Techniques. 

Determination of the sensitivity range. 

Effect of intensity. 

Behaviour of the Sensitivity Range 

prior to Therapy. 

Determination of a significance level. 

EEG Reponses. 

Distribution. of Improvement. 

Dosage. 

Dosage effects on Photosensivity Parameters. 

Cures. 

Withdrawal of Sodium Valproate. 

Sex Differences. 

Group Differences. 

Types of Abnormality. 

Page 

245 

252 

253 

256 

257 

260 

261 

262 

264 

269 

270 

283 

283 

284 

285 

286 

287 

289 

291 

295 

299 

30k 

306 

320 

322 

323



7.11.1. 

711-2. 

Vell .d- 

7.11.4. 

7.11.5. 

7.12. 

7.13. 

Volk. 

7.15. 

716. 

8. 

8.1. 

8.2. 

Geeele 

8.2.26 

8.3. 

8.3.16 

8.526 

9. 

9.1. 

9.1.1. 

9.1.2. 

9.1.3. 

viii 

Dosage effects on abnormality. 

Degraded responses and the sensitivity range. 

Onset of the PCR. 

Persistency of the PCR. 

Amplitude of the PCR. 

Occipital Spikes. 

Photic Driving. 

Side Effects. 

Clinical Effects. 

Subjective Sensations. 

PATTERN: INFLUENCE ON PHOTOSENSITIVITY 

AND THE VISUAL EVOKED POTENTIAL 

Rationale for the Study. 

The Photosensitivity Range. 

Laboratory technique and pattern stimulation. 

Effects of diffuse and patterned IPS on the 

sensitivity range and occupital spikes. 

Flashed Pattern and the Visual Evoked 

Potential. 

Laboratory technique of pattern stimuli. 

The visual evoked potential and occipital 

spike. 

DISCUSSION 

Efficacy of Sodium Valproate on 

Photosensitivity. 

EEG studies. 

Effect on photosensitivity. 

The visual evoked potential. 

Page 

326 

327 

328 

329 

331 

334 

3h0 

3h2 

345 

348 

349 

349 

352 

352 

354 

360 

362 

366 

371 

371 

372 

377 

382



9.1.4. 

9.1.5. 

9.2. 

9.2.1. 

9.2.2. 

95-6 

9k. 

ix 

Clinical findings. 

Contraindications. 

Pathophysiology of Photosensitivity. 

Thalamo-cortical visual pathways. 

Centrencephalic versus focal mechanisms. 

Prognosis and Prophylaxis. 

Future Research. 

REFERENCES , 

Page 

385 

387 

388 

388 

390 

410 

412 

41h



4.5. 

4.6. 

47, 

5.4 

iE ss OF TABLES 

Result survey of the effect of Sodium 

Valproate on Absence Seizures. 

Result Survey of the effect of Sodium 

Valproate on Tonic-clonic seizures. 

Result survey of the effect of Sodium 

Valproate on Myoclonic Jerks. 

Result survey of the action of Sodium 

Valproate on Focal Epilepsy. 

Result survey of the action of Sodium 

Valproate on Psychomotor Seizures, 

Result survey of the effect of Sodium 

Valproate on Mixed Tonic-clonic/ 

Absence Seizures, 

Result survey of the action of Sodium 

Valproate on other forms of Mixed 

Seizures, 

Reliability and Prognosis: Means and 

Standard Deviations for the Sensitivity 

Range and its Limits. 

Number of Reliability patients in each 

treatment sub-group. 

Distribution of the Basic EEG Record at 

dose levels of Sodium Valproate. 

Structural changes in spontaneous EEG 

abnormalities at varying dose levels of 

Sodium Valproate , 

Page 

181 

181 

185 

185 

190 

192 

192 

217 

218 

aon 

239



“I
 = 

“I
 

ur
 

7-7. 

Distribution of Clinical Seizures, 254 

Comparison of the Sensitivity Range 

and its Limits in Sodium Valproate 

treated Photosensitive patients with 

untreated Control patients, 29k 

The effect of Sodium Valproate on the 

Photosensitivity of 50 patients, 2o7 

Alteration of the Sensitivity Range and its 

Limits at successive dosage increases of 

Sodium Valproate. 3x1 

Withdrawal of Sodium Valproate in 16 patients. 7 

Alterations in the Sensitivity Range and its 

Limits during the treatment of 16 ‘withdrawal 509s 

patients’. Sil 

Structural changes of the PCR during 

Sodium Valproate treatment . 3550 

Distribution of Occipital Spikes during 

Photic Stimulation at dose levels of 

Sodium Valproate, 2a5



5 +36 

55s 

xii 

Eis 2? OF FEiEGURES 

Profile of the Visual Evoked Potential, 

Basic Biofeedback Procedure. 

GABA Metabolism in Man, 

Distribution of the Sensitivity 

Range Limits for the repeat EEGs of 

167 patients. 

Distribution of Improvement and 

Deterioration in the eyes-open Photo- 

sensitivity Range Limits within a 3- 

month period, 

Deviation in the eyes-open Photosens- 

Nea yity, Range Limits for a sample of 

70 patients within 3 months. 

Percentage Alteration in Lower and 

Upper Sensitivity Range Limits within 

3 months. 

Prognosis of the eyes-open Photo- 

sensitivity Range Lower Limit during 12 

years of follow up EEGs. 

The effect of Sodium Valproate on 

the Basic Record. 

Condition of the Basic EEG Record 

before Sodium Valproate, at Optimum 

Dosage and after withdrawal of Sodium 

Valproate, 

Page 

9h 

118 

163 

210 

ele 

214 

215 

221 

251 

235



6.4. 

6.5. 

6.6. 

6.8. 

6.9. 

6.10. 

G.4 1, 

xiii 

Page 

Spike and slow wave spontaneous EEG 

abnormality evoked by Eye-closure 

disappears at 1000 mg/day of Sodium 

Valproate but returns after 2 months 

of drug withdrawal. 239 

Parasaggital Montage. 2k2 

Visual Evoked Potentials at 1, 7 and 

9 f.p-s. for Photosensitive patients, 

before Sodium Valproate treatment 

and Normal controls. 263 

The effect of Sodium Valproate on the 

Visual Evoked Potential at 1, 7 and 9 

Lup 8:56. 265 

The Photosensitive VEP at all stages 

of Sodium Valproate treatment, 266 

The effect of Sodium Valproate on the 

Photosensitive VEP, N2-P2-N3 amplitude 

is reduced at 1000 mg/day (Optimum 

Dosage) but still remains greater than 

that of controls. 267 

Visual Evoked Potentials at 1, 7 and 9 

f.p-s. and after withdrawal of Sodium 

Valproate. 268 

Occipital Spike and P2ab components at 

1, 7 and 9 f.p-s. in Photosensitive 

patients, before Sodium Valproate 

treatment, and Normal Controls. 271 

The effect of Sodium Valproate on 

Occipital Spike and P2ab components at 

14, 7 and 9 f-p-s-. 273



6.412, 

G13. 

6.14. 

Occipital Spike and P2ab components at 

1,7 and 9 f.p.s. after withdrawal of 

Sodium Valproate. 

Occipital Spikes seen in the VEP and EEG 

at 5, 7 and 9 f.p-s. develop from the 

P2ab component at 1 and 3 f-p-s.- 

Enhanced amplitude of N2 component 

develops into an Occipital Spike at 5, 

7 and 9 f.p-s.e. 

Occipital Spikes seen in the EEG from 

3 - 9 f.p-s. are also obvious on the 

descending arm of P2 from 1 f.p-s.. 

The effect of Sodium Valproate therapy 

on the Photosensitivity Range. 

Variation in dosage according to age for 

significant improvement in Photo- 

sensitivity. 

The effect of Sodium Valproate dosage 

on the Sensitivity Range. 

Rate of Improvement in the Photo- 

sensitivity Range for 16 patients 

eventually withdrawn from Sodium 

Valproate. 

Behaviour of the Photosensitivity 

Range during and after Sodium Valproate 

treatment in relation to pre-drug levels 

for 16 ‘Withdrawal Patients', 

275 

278 

279 

280 

292 

298 

303 

310 

313



  

7-8 

“N
I No}
 

oes 

Behaviour of the Photosensitivity 

Range after cessation of Epilim in 

comparison to Pre-Epilim Photo- 

sensitivity. 

Withdrawal of Sodium Valproate after 1 

month causes a return of both the Lower 

and Upper Limits of the Sensitivity 

Range to Pre-drug levels. 

Examples of two types of PCR 

a) Pelyspike and Slow wave PCR was far 

more common than (b) 3 c-p-s. Spike and 

Slow wave PCR, with associated Absence, 

Spontaneous EEG abnormality of irregular, 

mainly theta spike and wave, differs from 

the Polyspike PCR evoked by IPS at 8 f.p.s- 

with simultaneous spread to all regions. 

Atypical Spike and Wave PCR (with 

Occipital Spike precipitation at 8 f.p.s.) 

and similar spontaneous EEG abnormality 

(but occurring simultaneously over all 

regions) disappear at an optimum dosage of 

800 mg/day Sodium Valproate. 

The effect of Sodium Valproate on Occipital 

Spikes in the EEG during Photic Stimulation. 

Photic Driving with Occipital Spikes from 

5 - 12 f.p.s. in a patient with no PCRs at 

Optimum dosage of Sodium Valproate, 

Flashed-Pattern VEPs at 2 and 8 f.p-s. in 

Photosensitive patients. 

The effect of flashed-patterm on VEP 

amplitude. 

318 

32h 

335 

339 

364



SECTION 1: 

LITERATURE REVIEW.



1. INTRODUCTION TO PHOTOSENSITIVITY 

ets Definition and Incidence in the Population, 

Epilepsy is defined as the tendency to have 

recurrent fits. An attack is caused by a sudden abnormal 

discharge in the brain cells. This electrical storm may 

occur in any region of the brain as a result of hyper- 

excitability in the various sensory or motor modalities. 

It would therefore be more correct to talk about 'the 

epilepsies' (Jeavons 1972a). Epileptic attacks may be 

symptomatic, through structural damage to the brain, or 

idiopathic, where the cause of epilepsy is uncertain. 

The incidence of epilepsy in the general 

population has been quoted as 0.5% (Lennox 1947; 

Jeavons 1972a) with a slightly higher frequency in children 

of 0.7 - 0.8% (Cooper 1965; Jeavons 1972a). However, 

epilepsy is often misdiagnosed and these figures may be 

unduly high. In one report, 20% of patients referred to an 

epilepsy clinic were not considered as suffering with epilepsy. 

(Jeavons and Harding 1975). 

Many seizures may be regarded as 'reflexive' in 

nature, i.e. in response to a clearly defined, often stereo- 

typed stimulus (Wadlington and Riley 1965). It is, however, 

often difficult to specify a single stimulus due to the 

complexity of the sensory input. Of the total epileptic. 

population, up to 1% are reported as having seizures related 

to various sensory stimulation (Schmidt and Wilder 1968). 

Auditory stimulation is most effective in animal species other 

than man (Watson and Marcus 1962), and generally there is no 

evidence of structural change in the nervous system. Sight 

plays a predominant part in the human perceptual world and, as



about 90% of man's sensory input travels along the optic 

nerves (Smith 1970), it is evidential that the most common 

form of 'reflex epilepsy' in man is photosensitive epilepsy. 

Photosensitive epilepsy has been defined as a - 

pathologic entity characterised by sudden recurring seizures 

precipitated by intermittent visual stimuli (Hess, Harding and 

Drasdo 1974). The incidence of photosensitivity in the 

general population is difficult to estimate as percentages 

in the literature tend to be based on selective studies. Also, 

many authors do not describe the types of responses which they 

classify as abnormal and a wide variety of photic stimulation 

methods are employed (Jeavons 1969). An added problem is the 

failure to ‘differentiate between photosensitivity and photo- 

sensitive epilepsy. 

Several authors have published figures for the 

incidence of photosensitivty in normal subjects which range 

from 1.33% to 4.4% (Mundy-Castle 1953; Herrlin 1954; Gastaut, 

Trevisan and Naquet 1958; Ulett and Johnson 1958). A very 

high incidence (25.5%) of photically evoked EEG abnormality 

was reported by Brandt, Brandt and Vollmond (1961) from a 

sample of 150 non-epileptic children. Of these, 14.2% showed 

generalised spike and wave discharge. It is noticeable that 

these authors presented an unusually prolonged, intermittent 

photic stimulation (IPS) lasting 6 minutes. 

Other studies quote the incidence of photosens- 

itivity either from routine consecutive EEGs or for selected 

epileptic samples. Lloyd-Smith and Henderson (1951) found 

that 21.6% of epileptic patients showed photically induced 

EEG paroxysms which at times were associated with myoclonic 

jerks or generalised seizures. However, IPS was not stand- 

ardised and lasted up to 3 minutes. Using a photic stimul- 

ation period of up to 20 minutes, Herrlin (1954) observed



"pathological cerebral activity' in 18.8% of suspected 

epileptic children up to 15 years of age with accompanying 

clinical seizures in 3%. Generalised spike and wave was 

evoked in 15% of a large epileptic population (Gastaut et al. 

1958). However, when primary generalised epileptics were 

considered alone, this incidence increased to 25%. Simil- 

arly, Melsen (1959) found photically evoked abnormalities 

in 24.7% of patients with idiopathic epilepsy and in 6.7% 

with symptomatic epilepsy. Examinativun of consecutive routine 

EEGs by several authors revealed an occurrence of epilepti- 

form responses during IPS in 3% of patients (Hughes 1960); 

6.8% of patients without seizures and in 11.6% of epileptics 

(Watson and Marcus 1962); 250 out of 20,000 EEG$ of which 

25 showed clinical accompaniment (Wadlington and Riley 1965); 

11% of 6403 routine cases (Capron 1966). Jeavons (1966) 

observed spike and wave abnormality in 2.8% of 14,141 routine 

patients of which only 0.12% had photosensitive epilepsy, i.e. 

17% of the photosensitive cases. 

Photosensitive epilepsy was found to occur in 2-4% 

of all patients attending an epilepsy clinic (Bickford and 

Klass 1969) although it is believed to be more common than 

pure petit mal epilepsy (Jeavons 1972a). In a catchment area 

of 5 million people Jeavons and Harding (1975) reported 

a 0.01% incidence of photosensitive epilepsy in the overall 

population, which increased to 8% in an epileptic population 

investigated over 12 years. 

The incidence of epilepsy is slightly higher in 

children than adults and so it follows that the incidence of 

photosensitive epilepsy may also be greater. The onset of 

this condition was found in 66% of patients between the ages 

of 5 to 14 years (Jeavons and Harding 1975). In 1968 the



U.K. population figures showed that this age group 

constituted about 15% of the general population. 

Recalculation of these authors' figures produces an 

incidence of photosensitive epilepsy onset in the order 

of 0.04% for 5 to 14 year olds and 0.004% after 15 years of 

age. Therefore, photosensitive epilepsy is about ten 

times more likely to originate during childhood than 

adulthood.



1.2. Early History. 

Epilepsy was supposedly first described by Hippo- 

crates (400 B.C.) as being seated in the brain and consisting 

of ‘an overflow or superfluity of phlegm' which induced an 

attack when rushing into the bloodstream (Lennox 1947; 

Hess et al. 1974). Early beliefs that light was a precipitator 

of epilepsy was due to the apparent implication of the sun in 

changing the consistency of the brain, thus leading to an 

attack (Panayiotopuolos 1972). The most frequently quoted 

early reference is that made by Apuleius in his book 'Apologia' 

(circa 125 A.D.) and this has led to some controversy due to 

certain authors embellishing on the original account (Mawdsley 

1961; Harley, Baird and Freeman 1967; Brausch and Ferguson 

1965; Troupin 1966). In fact, Apuleius makes no reference 

flickering light .....'the spinning of a potter's wheel which 

would easily infect a man suffering from this disease (i.e. 

epilepsy) with its own giddiness' (Butler's translation 1909). 

Potters! wheels at that time were not spoked and a more likely 

explanation of the effects induced by gazing at a potter's 

wheel was suggested to be vertigo and sickness (Panayioto- 

poulos 1972). An even earlier reference (circa 2 A.D.) by 

Soranus of Ephesus was cited by Schwartz (1962) ....'when a 

case of epilepsy is in its quiescent stage, the untimely use 

of light may cause the recurrence of an attack'. However, 

the first scientific evidence of photosensitive epilepsy is 

from Gowers (1885). He described the case of a girl with 

attacks in bright sunlight and that of a man who had an aura 

of blue lights followed by a convulsion when he viewed bright 

lights. 

The advent of electroencephalography in the 1930's 

introduced early techniques of photic activation. Adrian and



2 

Matthews (1934) were able to evoke photic following of 

occipital brain rhythms at flicker rates up to 25 f.p.s. using 

an illuminated glass bowl and a disc with cut out sectors. 

Walter, Dovey and Shipton (1946) developed an electronic 

stroboscope for clinical use. They showed that specific 

EEG patterns were affected by objective and subjective 

alterations during photic stimulation. It was also capable 

of evoking'brief larval seizure discharges' in a drug con- 

trolled patient. Refinements of automatic analysis and 

averaging techniques after the 1950's, together with the 

widespread use of IPS as an activating technique, enabled 

investigations into the causes, characteristics and possible 

remedies of: photosensitivity.



1.3. Precipitating Factors, 

Photosensitive epileptics are vulnerable to bright 

and flickering light within the everyday environment. This 

also includes various artificial light sources. Bright 

continuous sunlight by itself or reflected on windows or 

glass has been reported as a precipitant of fits (Goodkind 

1936; Forster and Campos 1964; Jeavons and Harding 1975). 

These attacks usually take the form of myoclonic jerking, 

disturbances in consciousness or even generalised seizures. 

Even when fits do not occur, many photosensitives may 

experience nausea, giddiness or headaches. Bickford and 

Kiass (1969) suggested that attacks in continuous light were 

in fact due to the light becoming flicker through rapid 

blinking. However, Atigasgian light can also be caused by 

reflections off the sea, wet streets, swimming baths, snow 

and car windscreen (although the latter two are probably more 

likely to produce glare). All these conditions have been 

cited in relation to fits (Daly and Bickford 1951; Courjon 

1955; Harding, Drasdo, Kabrisky and Jeavons 1969; Jeavons 

and Harding 1975). 

Flickering sunlight may also act as a precipitant 

when patients are travelling through an avenue of trees and 

past railings or houses with the sun shining behind them 

(Cobb 1947; Daly and Bickford 1951; Courjon 1955; Pante- 

lakis, Bower and Jones 1962). Sunlit reflections off uneven 

surfaces, viz. rippling water or through decorative glass 

introduces an added factor of pattern. Goodkind (1936) 

noticed that sunlight through a window covered with wire mesh 

caused severe myoclonic jerking in his patient. Bickford, 

Daly and Keith (1953) observed 'staring spells' in a 6 year 

old boy when he gazed at patterned cloth or screens. Striped



cloth, floor grills, fences and riding escalators were 

effective triggers in eight patients (Jones, Andermann and 

Wilkins 1976). Jeavons and Harding (1975) report the case 

of one patient sensitive to moving escalators and windscreen 

wipers. Another patient suffered with myoclonic jerks 

when gazing at the garage doors at home, painted in black and 

white alternate stripes. These attacks also occurred when 

he looked up through leaves on trees, again on bright days, 

and also when his bedroom light was switched on in the morning. 

Such a sudden change from dark to light is provocative in 

some patients (Bower 1963). 

Flickering light arising from anti-collision 

beacons reflecting intermittently, particularly at night, can be 

annoying to pilots (Johnson 1963). Also sunlight reflected 

off rotor blades and propellors of aircraft have caused symp- 

toms of discomfort, blurred vision, nausea and dizziness 

(Johnson 1963; Chorley 1972). This was termed 'flicker 

vertigo’. However, in some cases severe panic and even 

unconsciousness have occurred. Testing pilots with IPS 

revealed an effective range between 8 - 24 f.p.s. which 

falls within the f.p.s. rate of a propellor at idling speeds 

(Chorley 1972) 16 This author proposed that a three-bladed 

helicopter propellor rotating at 300 r.p.m. would produce a 

flicker rate of 15 f.p.s. Painting the blades black to 

reduce the sun's reflections proved ineffective, showing that 

the crucial factor was the intermittency of the light source. 

Artificial light sources, e.g. arc lights (Cobb 1947) 

fluorescent lighting (Bower 1963; Brausch and Ferguson 1965; 

Jeavons: 1972b) and stroboscopic light such as in discotheques 

and shops (Cobb 1947; Jeavons 1972b; Jeavons and Harding 1975 J 

are potentially hazardous to the photosensitive patient.
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Richter (1960) reported the rarity of epileptic fits at the 

cinema in comparison to television viewing. He attributed 

this to the flicker frequencies of 48 - 72 c.p.s. of the 

cinema screen being too high to evoke paroxysms and the 

intensity of the screen being lower than that of television. 

However, home made ciné films are often shown at a rate 

which will provoke seizures, usually between 16 - 24 c.p.s. 

(Bower 1963; Troupin 1966). Although photosensitive 

patients are at risk, therefore, when watching home movies, 

fits under these circumstances are rare because home ciné 

equipment is uncommon. 

tees Television epilepsy, 

Television is the most frequently reported 

artificial light precipitator of photosensitive seizures. 

The earliest account in the literature appears to be by Ismay 

(1958) who described the case of an electrician having tonic- 

clonic fits when rectifying faulty television sets. Klapetek 

(1959) later described similar incidents in a 12 year old boy and 

warned of the possible 'photogenic provocation' of epileptic 

seizures in children with the spread of television over the 

world. It was estimated that 90% of children between 5 and 

15 years of age live in households with television sets and 

spend on average 2.75 hours in daily viewing (Bower 1963). 

Nowadays programmes are screened for about 90 hours per week 

(Binnie, Darby and Hindley 1973). It is therefore possible 

that an attack in front of the television is unrelated to it 

and occurs by chance. Gastaut, Regis, Bostem and Beaussart 

(1961) estimated that only 25% of supposed television-induced 

seizures were definitely due to television acting as a photic 

stimulus. Attacks generally occurred during the evening when 

the patient tended to be drowsy, and after 2-3 hours of viewing 

time. The authors believed illbess, excitement, al cohol,



a 

fatigue and premenstruation could be involved. Hypoglycaemia 

was also noted to be an implicating factor (Charlton and Hoefer 

1964). The incidence of television-induced epilepsy was found 

to be 5.7% of 4-15 year old epileptic children, although some 

also had spontaneous fits (Pantelakis et al. 1962). A detailed 

study by Jeavons and Harding (1975) showed that just over half 

of their photosensitive patients only had fits while watching 

television, the remainder having seizures of a different 

nature. 

Many authors cite defective television sets as the 

prime cause of ‘television epilepsy'. Either the screen 

flickered or the vertical hold was faulty, making the picture 

roll (Mawdsley 1961; Pallis and Louis 1961; Troupin 1966; 

Ames and Pietersen 1972; Binnie et al. 1973). Pantelakis et 

al.(1972) distinguished between two groups of patients; a very 

sensitive group to IPS had convulsions while viewing the 

television at a reasonable distance, anda less sensitive 

group had seizures'when either the picture was faulty or when 

they sat too close to the screen. Prolonged and mainly close 

viewing in a dimly lit room, adjusting the controls or 

switching channels particularly in front of a brightly illum- 

inated screen appear to be potent factors in provoking seizures 

(Mawdsley 1961; Pallis and Louis 1961; Troupin 1966; 

Jeavons and Harding 1970; Hess et al. 1974). 

Close viewing was the prime cause of fits in 60% 

of patients with purely television-induced seizures and in 34% 

of patients who also had spontaneous attacks (Jeavons and Harding 

1975). It was suggested that sensitivity to flickering light 

from the screen increased directly with the increasing area of 

peripheral retina stimulation, which would obviously depend on
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proximity to the television (Pantelakis et al.1962; Charlton and 

Hoefer 1964). The peripheral retina was also considered to be 

more flicker sensitive than the macula and so the patient 

would be at risk when viewing at an angle. However, only 5 

out of 299 television epileptics were found to have had a fit 

when viewing from an angle and probably when too near the 

set (Jeavons and Harding 1975). Even though flicker may not 

pe perceived by direct viewing of the television screen, the 

sensitive retinal areas are still being stimulated. 

Proximity to the television allows the eye to resolve the line 

details more easily. In Europe the television screen flickers 

at the mains frequency of 50 c.p.s. and, although Gastaut et al, 

(1961) did not find convulsive responses in the EEG at 

frequencies above 40 f.p.s-, others have found flash rates 

up to 50 f.p.s. and over capable of inducing spike and wave 

discharges (Pantelakis et al. 1962; Jeavons and Harding 1975). 

Close viewing and interference shows up the television 

scanning lines as two stimuli, each at 25 c.p.s., which are out 

of phase (Moiré patterns). A loss in vertical hold will also 

produce a 'flicker effect! at 10-25 c.p.s. (Troupin 1966) and 

it is generally accepted that 10-25 f.p.s. IPS is particularly 

effective for EEG activation (Bower,1963; Troupin 1966; Jeavons 

and Harding 1970). Most of the literature quotes a lower 

incidence of 'television epilepsy' in the U.S.A. There the 

mains frequency is 60 c.p.s. which produces half-scans of 

30 cep-s- believed to be less epileptogenic. However, 

Jeavons and Harding (1975) found that 72% of photosensitives 

responded to 30 f.p-s. 

Most authors confirm. a diagnosis of ‘television 

epilepsy’ from the appearance of spike and wave discharges 

during laboratory IPS. A high correlation was found
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between EEG findings during IPS and clinical seizures with 

television (Pantelakis et al. 1962). A few authors have 

actually investigated the EEG responses when their patients 

watched television. Gastaut, Regis, Bostem and Beaussart 

(1960) could not evoke EEG abnormalities in any patient under 

normal or maladjusted viewing conditions. This may have been 

due to the use of high quality equipment supplied by Radio 

Télévision Francaise (Binnie et al. 1973). Spike and wave 

paroxysms were only found in 1 out of 12 patients as a 

result of changing channels (Dumermuth 1961). However, 

using domestic black and white sets, Binnie et al. (1973) 

induced spike and wave in 9 out of 10 patients under normal 

viewing conditions and in 5 patients when seated at a distance 

from the television. A similar finding was reported by 

Darby and Hindley (1974). They also found that increasing 

the contrast and brightness level had little influence, 

but an unstable vertical or horizontal hold increased the 

probability of spike and wave in patients viewing at distances 

which, under normal conditions, had no effect. A well 

adjusted set was capable of evoking spike and wave in a 

patient seated 0.5 to 4 metres away from the screen. They 

postulated that the main cause of television induced seizures 

was not moving screen images, nor line and frame frequencies, 

nor gross malfunction of the set, but minor instabilities in 

the system producing low frequency flicker spontaneously or 

from faults in line synchronisation in areas of poor reception. 

Connell,Jolley, Lockwood and Mercer (1975) reported that a 

settled colour picture was less activating than a black and 

white, but that a distorted colour picture was equally as 

effective. They found spike and wave discharge through move-



14 

ments occurring in a controlled picture of a black and white 

set and therefore suggested that the contrast of moving 

patterns was implicated in the activating effect of 

television. 

Several authors have shown that black and white 

geometric patterns enhance or evoke spike and wave activity 

in the EEG (Bickford and Klass 1969; Chatrian, Lettich, 

Miller and Green, 1970a3 Jeavons, Harding, Panayiotopoulos 

and Drasdo 1972b). Although Gastaut et al.(1961) found 

cartoons to be effective in triggering attacks in three 

patients and similarly, quickly changing advertisements in one 

patient, others found no direct relationship between the 

recurrence ‘of fits and particular types of programme (Bower 

1963; Jeavons and Harding 1975). However, the latter authors 

noticed that in three patients fits had occurred when 

watching 'Top of the Pops! on black and white screens that 

would highlight the 'Op-Art' patterns commonly seen in that 

programme. Darby, Binnie, Harding, Jeavons, Stefannson 

and Wilkins (1977) found that 70% of photosensitive patients 

showed EEG paroxysms when viewing a normally functioning 

television but in an area of poor reception. 'Line-jitter' 

which is readily seen on old black and white screens, 

particularly under conditions of low signal strengths, was 

replicated using oscillating gratings and checkerboard patterns. 

Sensitivity to this pattern movement was observed in 61% of the 

patients. It was suggested that the vibratory patterns not 

only simulated 'line jitter' but were also similar to the 

process of interlacing, which produces the picture. 

‘Television epilepsy! mainly occurs in children, 

although not exclusively (Charlton and Hoefer 1964; Troupin 

1966). Gastaut et al. (1961) reported that of 35 affected
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patients 53% were aged up to 10 years, 18% were between 11- 

20 years and 29% between 21 - 40 years. The onset of 

television induced seizures tends to occur earlier than fits 

in other photosensitiye groups (Jeavons and Harding 1975). Et 

is generally agreed that the most common form of television 

seizure is a tonic-clonic fit. Other forms may occur, however, 

e.g. confusional episodes, myoclonic jerking, loss of 

consciousness, subjective auras, and rarely, typical absences 

(Bower 1963; Jeavons 1972b; Hess et al. 1974). However, it 

is possible that in the home absences could go undetected while 

the child watches television (Charlton and Hoefer 1964). 

Gastaut et al. (1961) observed that of 35 patients 

sensitive to television, 11 had normal EEGs, 3 focal abnormal 

ities, and 21 patients showed generalised spike and wave. A 

high incidence of abnormal resting records was found by 

Charlton and Hoefer (1964) but Jeavons and Harding (1970) 

reported that at least half of their patients with only fits to 

television had normal EEGs except when exposed to IPS. 

Spontaneous 3 c.p-s- spike and wave activity had previously been 

reported as being less common in this type of patient than those 

also suffering from other forms of seizure (Jeavons 1966). 

Although Charlton and Hoefer (1964) found no undue sex 

predominance in their series, Jeavons and Harding (1975) 

found a direct relationship in 6 female patients, between tele- 

vision induced seizures, EEG abnormality during IPS, and the 

menstrual cycle. 'Television epilepsy! was often found to begin 

around puberty (Jeavons 1972b) but the original cause of these 

seizures jis speculative. Charlton and Hoefer (1964) found 

that in 9 patients with 'television epilepsy', 4 had a family 

history of epilepsy and, in 3 cases, infantile epilepsies had
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been prevalent. Bower (1963) suggested that a family history 

of epilepsy was not common in television-sensitive patients, 

but a family history of migraine or discomfort from flickering 

lights was more usual. 

Some patients report feelings of being 'drawn to 

the television set like a magnet’. This is described as 

‘impulsive attraction! (Jeavons and Harding 1970) and such 

patients tend to start jerking or have an absence seizure 

as they get close to the screen. All these patients have 

wide sensitivity ranges to IPS and compared to other television 

sensitive groups, have significantly more spontaneous spike 

and wave in their EEGs. More males than females are gener- 

ally affected with this attraction, unlike the overall 

ratio in photosensitive epilepsy which is predominated by 

females. Although all patients in this group are inexplic- 

ably drawn towards the television screen, they differ in their 

subjective sensations. Some enjoy the experience; others 

want to avoid the set but cannot stop themselves (Jeavons and 

Harding 1975). In 30 patients with ‘impulsive attraction! 

investigated by these authors, it was evident that 2 patients 

were purposely using the television screen as a flickering light 

source, e.g. changing channels in the middle of a programme 

for no apparent reason. Similar incidents were suspected in 3 

other children. Although Bower (1963) found no reports of 

patients who self-induced attacks, e.g. waving fingers across 

sunlight, and also had attacks while viewing television, Harley 

et al, (1967) reported the case of a boy impulsively attracted 

to the television who self-induced attacks by head nodding and 

blinking in front of the screen. Rail (1973) discovered 

another similar case‘ and Jeavons and Harding (1975) described
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two self-inducing patients also clinically sensitive to 

television. 

Limiting the amount of viewing or forbidding 

television is an impractical form of treatment, as patients 

have been known to conceal details of their seizures if they 

suspect future restrictions (Pantelakis et al. 1962; 

Charlton and Hoefer 1964; Ames and Pietersen 1972). Most 

authors recommend, therefore, that the patient looks away 

when the set becomes faulty, avoids changing channels,and sits 

well away from the screen. However, the treatment of this type 

of epilepsy should depend on whether the patient has fits 

at other times and whether the basic EEG is normal (Jeavons 

1972b). Patients who are clearly photosensitive and in whom 

fits have occurred with flickering light in the every-day 

environment are instructed to adopt the following precautions 

(Jeavons and Harding 1970; 1975 ) :- 

(i) To view the television in a well-lit room, at least 

8 feet away, and never to approach, adjust the set 

or change channels. A small lamp on top of the 

television helps the relative screen contrast; 

(ii) To cover one eye firmly with the palm of one hand, 

if it is really necessary to approach the set; 

(iii) The patient should ideally never attend disco- 

theques and other places where flashing lights are 

used but, if flashing lights suddenly occur, to 

cover one eye as in (ii); 

(iv) To wear polarised sunglasses out of doors on sunny 

days to remove flickering reflections. Tinted 

lenses are insufficient.
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1.3.2. Self-induced epilepsy, 

Self-induced epilepsy appears to be rarer than 

classical photosensitive epilepsy (Andermann, Oaks, Berman, 

Cooke, Dickson, Gastaut, Kennedy, Margerison, Pond, Tizard 

and Walsh, 1962; Harley et al. 1967). Jeavons and Harding 

(1975) report that only about 100 cases are cited in the 

literature. 

This form of epilepsy is characterised by the 

patient precipitating attacks by staring at bright light, notably 

the sun, and either blinking rapidly, nodding the head 

rhythmically, hopping up and down,or rapidly waving the out- 

spread fingers of one hand across the eyes (Bickford et al. 

19533 Hutchinson, Stone and Davidson 1958; Andermann et al. 

1962; Hutt, Lee and Ounsted 1963; Livingston 1964; 

Troupin 1966; Ames 1974). Medical referral usually occurs 

between the ages of 8-12 years (Andermann et al.1962) although 

cases of younger and older children have been reported from 2 - 

16 years (Hutt et al. 1963; Livingston 1964; Harley et al. 1967; 

Ames 1974). Self-inducers are predominantly female with a 

ratio of about 2:1 (Andermann et al. 1962). These authors 

wondered whether this was an hormonal effect or whether the 

longer hair of females when flicked out of vision would create 

photic effects and learned development of further self-induction. 

The patient's family history is usually positive 

for fits, faints, neurological or behavioural troubles 

(Andermann et al.1962) and often the child has a difficult 

home life through neglective or over-protective parents 

(Hutchinson et al1.1958; Harley et al.1967). Occasionally 

the patient may have suffered infantile convulsions or early 

childhood epilepsy (Andermann et al 1962; Livingston 1964).
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The most common form of self-induced seizure is 

brief but repeated absences; minor or gross myoclonic 

phenomena may occur and, rarely, major tonic-clonic 

convulsions (Andermann et al. 1962; Hutchinson et al. 1958; 

Hutt et al. 1963; Livingston 1964; Forster, Ptacek and 

Peterson 1965; Troupin 1966; Rail 1973). Varying degrees of 

consciousness occur within the self-induced attack (Harley et 

al. 1967). Some authors believe that the eyelid myoclonia 

and hand-waving action are integral parts of the seizure and 

not precipitants (Livingston 1964; Ames 1974). Jeavons and 

Harding (1975) found clear evidence of integrated hand movement 

in only 1 out of 5 self-inducing patients. 

Reports vary as to the intelligence of this type 

of patient. Half of the published cases are mentally retarded 

and show slow mental development, (Andermann et al... 1962). 

The degree of retardation appears to be related to the frequency 

of seizures rather than the severity, which creates 

problems in school performance. Most patients also have 

personality problems which may be linked with the onset of the 

epileptic condition or arise as a result of punishment or 

parental restriction because of the attacks (Hutchinson et 

al.1958). Emotional instability and temper tantrums may be 

related to mental handicap in some patients (Andermann et al. 

1962). The children may be aggressive, hyperkinetic, or 

spoiled (Hutchinson et al 1958; Harley et al. 1967; Ames 1974) 

and the attacks may be surrounded by feelings of guilt creating 

behaviour problems. 

Although patients are evasive in their reasons for 

self-inducing seizures, there is evidence that the action is 

pleasurable (Andermann et al. 1962). Reward may be in their 

escape from undesirable situations, attracting attention, 

punishing those around them or simply inducing a pleasant


