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Seizures Triggered by July 4th
Fireworks in an 8-Year-Old Girl
With Perinatal Stroke
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Abstract
Warnings regarding fireworks displays as a possible seizure-producing stimulus have been around for several years, but there is a
lack of well-documented cases. This case describes photic- and/or pattern-induced seizures that appeared to be triggered by July 4
fireworks. This 8-year-old girl with hemiplegic cerebral palsy and known seizure disorder because of perinatal right middle cere-
bral artery stroke had a cluster of seizures within minutes of the onset of a professional fireworks display. The seizures stopped
when the child’s eyes were covered and she was taken away from the scene. The importance of photic- and pattern-induced sei-
zures in children is discussed.
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Photic- and pattern-induced seizures can occur in both

generalized and focal epilepsies. They may be more common

in children than adults. Photosensitivity on electroencephalo-

gram can be demonstrated in up to 46% of patients with gener-

alized epilepsy and 20% of children with focal epilepsy.1 The

range of stimuli that can provoke a photic- or pattern-induced

seizure is wide. Previously reported stimuli include television

(video games, commercials, cartoons), strobe-lights, waving

fingers across the eyes, and reflections of light.2,3 Although

there have been recent warnings that fireworks displays can

be a possible cause of photic-induced seizures,4 actual cases

have not been well documented in the literature.

Case Report

An 8-year-old girl with a history of hemiplegic cerebral palsy

and epilepsy because of perinatal stroke presented in follow-

up to our clinic for multiple seizure events, which occurred

on July 4, 2010. The child is a probable dizygotic twin who had

a large perinatal right middle cerebral artery stroke and has

attention deficit hyperactivity disorder treated with lisdexamfe-

tamine. Prior magnetic resonance imaging (MRI) of the brain

showed encephalomalacia primarily in the right temporoparie-

tal lobe (Figure 1) with surrounding gliosis from prior infarc-

tion and ex vacuo dilatation of the atria of the right lateral

ventricle. She had no history of seizures until the parents

reported staring spells starting in 2009. She had a normal elec-

troencephalogram in July 2009, including normal response to

intermittent photic stimulation in the range of 1 Hz to 30 Hz.

Her family reported an increasing number of staring spells in

early 2010 and a video electroencephalogram in June 2010

showed frequent independent right occipital and less frequent

left temporal and central vertex epileptiform discharges, pla-

cing her at risk for focal and secondarily generalized seizures

(no photic stimulation was performed during the video elec-

troencephalogram). She was started on oxcarbazepine on June

11, 2010 with the dose increased over 2 weeks to 20 mg/kg

divided twice daily. After a staring spell with rapid eye blink-

ing on June 29, 2010, oxcarbazepine level was checked and

found to be slightly low (10.2 mg/mL, therapeutic ¼ 15-36

mg/mL) so the dose was increased to 35 mg/kg divided twice

daily.

On July 4, 2010 our patient was at a large professional out-

door fireworks display, which occurred after dusk. Approxi-

mately 5 minutes into the display, the patient developed

rapid eye blinking, followed by rapid eye movements, and

followed by a staring spell lasting approximately 10 to 15 sec-

onds, as noted by her mother. The patient went on to have 5 total

events, minutes apart, all identical to the first except the last

episode where the patient’s eyes rolled back and her whole
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body stiffened. Her mother grabbed her, hugging the child’s

face into her chest to cover her eyes. The mother noted that the

child’s heart rate was high and brought her to the local emer-

gency room. The child did not continue to have seizures in the

emergency room and no medications were required to stop the

episodes. Her electrolytes, calcium, magnesium, and complete

blood cell count were all unremarkable; oxcarbazepine level

was not sent. An oxcarbazepine level at her follow-up neurol-

ogy appointment on July 7, 2010 was therapeutic (30 mg/mL,

therapeutic ¼ 15-36 mg/mL). The mother reported good com-

pliance with the child’s antiepileptic medication, no sleep

deprivation prior to the event, and no seizure events during

home fireworks earlier in the day, including sparklers and bot-

tle rockets. The patient’s twin sister was at all of the events and

did not have any reaction to the same fireworks display. The

parents reported that the first 15 minutes of the professional

fireworks display were very much like a ‘‘finale’’ with a con-

stant barrage of multicolored fireworks illuminating a signifi-

cant portion of the night sky. The child had a follow-up

electroencephalogram on August 11, 2010, which showed find-

ings similar to her last electroencephalogram and no response

to photic stimulation. She had no further seizures in the month

after July 4.

Discussion

The child in this case appears to have had a series of seizures

precipitated by the viewing of fireworks. Previous work sug-

gests that she is among those at the highest risk for a photic-

or pattern-induced seizure because of her age (more common

in children2), gender (female:male risk is approximately

2:1),5 and history of epilepsy. Although genetics can play a role

in the development of photoconvulsive events,6 this child does

not have a family history of such events.

Warnings regarding fireworks have been published despite the

dearth of reported cases because fireworks displays combine

many of the characteristics of both photic and pattern stimuli

known to provoke seizures. The 2 most important characteristics

of photic stimuli (flicker) are brightness (intensity, contrast,

visual field) and repetition rate.2 Fireworks generate intense light

and close proximity to the display area increases not only the

light intensity but the amount of light in the overall visual field,

which further increases the risk of inducing seizures.7 The high-

contrast stimulation of a fireworks show (bright flashes on a dark

sky) would likely make the available light intensity more seizure-

inducing.8 Fireworks displays have variable flash rates, with the

most frequent flashing generally occurring during the ‘‘finale’’ of

a show. Our patient’s mother reported that the beginning of the

fireworks show, which seemed to induce her child’s seizures, was

similar to a finale, with many rapidly launched bright fireworks.

The most provocative repetition rate for generation of photo-

sensitive individuals is between 15 and 25 cycles per second,

though many individuals have seizures that are provoked by

lower and higher rates.5 Fireworks may also have the ability to

provoke photosensitive individuals by patterns. Multiple fire-

works that overlap can create flashing vertical and horizontal

lines with high contrast, which could create a provocative pattern

similar to those seen in documented experiments.9

There are many well-documented cases of seizures triggered

by other photic and patterned stimuli. On December 16, 1997,

685 children and adults in Japan visited the hospital after

watching an episode of Pokemon, which had approximately

4 seconds of alternating blue/red flashes at 12 Hz.10 Most of

these patients had a seizure. A follow-up study of 95 of these

children found that about one quarter of the children with seizure

events had a history of epilepsy.11 Furthermore, only 43% of the

81 children given an electroencephalogram with photic stimula-

tion had a photoparoxysmal response.11 This suggests that our

patient’s lack of photic response on electroencephalogram does

not exclude a photic or patterned trigger (the fireworks) for her

seizures. The World Wide Web Consortium has published

guidelines on ways to minimize or prevent a potential seizure-

inducing flicker.12 However, with the advent of YouTube and

other online video sharing sites, potentially epileptogenic videos

live on. Children can easily view many of these videos online,

including the banned Pokemon episode,13 the ‘‘Golden Wonder

Pot Noodles’’ advertisement,14 which induced seizures in 3 peo-

ple in the United Kingdom during its first showing, and many

other intentionally composed seizure-inducing videos.15-17 (The

authors suggest that readers have someone else present nearby if

they decide to watch them.)

For patients, preventing future photic- and pattern-induced

seizures is a major priority. The primary form of prevention

is the avoidance of photic/pattern stimuli that may lead to such

events. For many patients, avoiding video games, television,

and fireworks displays (especially when a twin sister is allowed

to attend) may not be desirable or possible. There are several

other potential approaches that involve modifying the way

potentially seizure-provoking stimuli are viewed. One method

to avoid or possibly abort this type of seizure is to cover 1 eye

with a hand, decreasing the amount of visual stimuli received.4

Closing 1 or both eyes without using a hand to block out all

light may actually increase the risk of a seizure.18 Some

patients have a visual disturbance prior to a seizure event19

and can use this opportunity to try to prevent a seizure by cov-

ering 1 eye. Changing the distance from a visual stimulus or

using an optical filter may also be effective. The current recom-

mendations for viewing television in those that are photosensi-

tive are to be seated greater than 2 meters from the screen,

watch television in a well-lit room, and only approach the

television with 1 eye covered.2 In recent studies, covering the

eyes with optical filters has shown excellent efficacy in

preventing seizures. The optical filters that are most effective

are either neutral density filters (with good attenuation of red

light) or filters that are completely reflective of red light.20

Several authors have shown excellent attenuation of photic-

induced seizures using blue glasses21 (which filter red light),

polarized/cross-polarized glasses,22 or polarized blue glasses.23

Anticonvulsants can also be chosen to prevent photic- or

pattern-induced seizures, as some may be more effective than

others in preventing seizure events. The child in this case was

therapeutic on oxcarbazepine but had a seizure that appeared
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to be triggered by photic/pattern stimulation from fireworks.

Valproic acid has been shown to completely abolish

photo-sensitivity in approximately half of all photo-sensitive

patients and attenuates the response in another 25% to 30%
of those treated.24 Valproic acid was not considered for the

patient in this case because of the potential side effects includ-

ing weight gain, hair loss, and teratogenicity. Clonazepam25

may also attenuate the photosensitive response, but it was not

considered for this patient because of its sedative effects.

It is possible that the occurrence of our patient’s seizures

during the onset of a fireworks display was coincidental and not

triggered by fireworks. However, the fact that they started

within minutes of the onset of the show and stopped when her

eyes were covered is highly suggestive. Our failure to capture a

photosensitive response during electroencephalograms does

not rule out photosensitivity as a seizure trigger. Several factors

may confound the capturing of a photoparoxysmal response

during electroencephalogram, including testing variation, med-

ications that alter neural response, insufficient photic or pattern

stimuli, and physiologic variability.2,10,11 An additional consid-

eration is that the patient’s perinatal stroke appears to affect

visual association areas in the parietal and temporal lobes (see

Figure 1). This may increase her susceptibility to visually

provoked seizures. While it is possible that her seizures were

triggered by sound26 and were a form of startle seizure, her lack

of epileptogenic response to the many fireworks set off in her

backyard earlier that day argues against this. However, we did

suggest to the mother that our patient bring earplugs to the fire-

works next year.

This case supports the published warnings that professional

fireworks displays may provoke seizures. Our patient wants to

watch the fireworks next year, and we have discussed the many

potential ways to prevent or stop photic- and pattern-induced

seizures with her and her family. We hope to help her get

through next year’s July 4 celebrations without a trip to the

emergency room.
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