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Abstract A study of epilepsy patients with a reproducible
range of photoparoxysmal responses (PPR) (epileptiform dis-
charges evoked by flashing lights) has been used as a “proof-
of-concept” trial to determine if novel potential antiepileptic
drugs (AEDs) should proceed in development. The standard
design for this trial requires a 3-day inpatient stay and is
single-blind. We evaluated two marketed and effective
AEDs—one narrow-spectrum [carbamazepine (CBZ)], and
one broad-spectrum [levetiracetam (LEV)}—using a novel
double-blinded, cross-over outpatient version of the trial to
detect acute drug effects of the two marketed AEDs on pho-
tosensitivity. We tested 6 patients with a known stable photo-
sensitivity response, using single oral doses of CBZ 400 mg
and LEV 1000 mg, compared to 2 test days with single
placebo doses. Patients who received LEV had the lowest
mean PPR (compared with placebo and CBZ). The mixed
effect model showed a significant effect of LEV in all eye
closure conditions (p <0.001). There was no evidence of a
significant change in PPR after CBZ or placebo treatment. In
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conclusion, LEV 1000 mg, but not CBZ 400 mg, was effec-
tive in suppressing photosensitivity within a 6-h period com-
pared with placebo showing the ability of our novel photo-
sensitivity trial design to demonstrate effects of broad-
spectrum AEDs. We cannot confirm the ability of the photo-
sensitivity trial to detect the narrow-spectrum AED CBZ in
our design. The novel outpatient study design is feasible and is
expected to reduce costs compared with previous
methodology.

Keywords Photosensitive epilepsy - clinical trial -
antiepileptic drug - carbamazepine - levetiracetam

Introduction

Patients with epilepsy often have intermittent seizures that
occur at variable times. Consequently, trials evaluating new
antiseizure medications require that large numbers of patients
be evaluated over several months of treatment to accurately
assess treatment effects. In such circumstances, it is extremely
useful to conduct a “proof-of-concept” (POC) study, which
would screen potential antiseizure agents for possible efficacy
before proceeding to lengthy and expensive studies that ex-
pose many patients to a new compound. The photosensitivity
POC trial design has been used successfully to evaluate po-
tential antiseizure effects of new agents in early stage devel-
opment in small groups of patients with photically-induced
generalized epileptiform responses on their electroencephalo-
gram (EEG), called photoparoxysmal responses (PPR). The
number of flash frequencies at which PPR can be elicited
[delineated by upper and lower thresholds elicited during
intermittent photic stimulation (IPS)] can be used as a quan-
titative measure of photosensitivity and therefore
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epileptogenic threshold. When patients with PPR receive sin-
gle test doses of possible antiseizure drugs, changes in the
number of frequencies at which a PPR response is identified
on EEG can be used to screen for antiepileptic effects without
triggering seizures. This trial design has been used frequently,
as there is a lack of relatively straightforward trial designs to
assess POC for potential antiepileptic drug (AED) effective-
ness in humans.

In photosensitivity studies, the patient is exposed to IPS at
14 predetermined unequally separated frequencies in order to
detect changes in response around typical upper and lower
frequency thresholds (e.g., 2 Hz, 5 Hz, 8Hz, 10 Hz, etc.). Each
flash frequency that elicits a photosensitive response is con-
sidered one “step”. The ranges in Hz between the upper bound
and the lower bound for each patient are transformed into a
metric, called the standardized photosensitive range (SPR).
The maximum SPR is 14, based on the total number of flash
frequencies tested. As an example, if a patient had a lower
photosensitivity bound of 10 and an upper bound of 30, this
corresponds to an SPR of 8 (including the frequencies of 10,
13, 15, 18, 20, 23, 25, 30). The photosensitivity “range” for a
given person between their lowest and highest IPS frequencies
at which they have PPR elicited can then be defined. The
number of steps at which a patient is sensitive can be mea-
sured repeatedly (e.g., 5—8 times) over the course of a single
day, providing a stable baseline to compare with periods
during which patients receive test medications. Reduction in
photosensitivity range following administration of a single
dose of a potential antiseizure drug can be easily quantified
by comparing changes in the number of response “steps”. If
patients with a relatively stable IPS response are used as
patients, studies can be performed using a study design that
requires only 5-6 patients per dose tested. This protocol has
been used to identify the antiepileptic effect of a number of
AEDs (some now approved, some still in development), most
notably levetiracetam (LEV), lamotrigine (LTG),
brivaracetam, carisbamate, JZP4, YKP3089, and valproate
(VPA) [1-6]. Drugs also have been tested that are sedatives,
but not anticonvulsants, and these have failed to suppress
photosensitivity [7], indicating that the assessment of PPR is
both sensitive and specific.

Typically, the photosensitivity study is conducted as an
inpatient non-randomized treatment protocol. Patients are ad-
mitted, and the PPR is repeatedly tested over 3 days after
administration of different drugs or placebo. However, to
avoid carry-over treatment effects sometimes seen with even
a single dose of some drugs (e.g., VPA) [8], placebo is always
given on the first day and drug on the second day in this study
protocol. As the principal investigator is aware of the drug
order, the study design is single-blind.

In contrast, our study was performed in an outpatient
setting with a randomized, double-blind cross-over design,
bringing patients back at spaced intervals (to avoid carry-

over effects) to perform repeated PPR testing limited to 6 h
after dose. In addition, we included 2 placebo testing sessions,
both to screen for placebo effects on PPR and to determine the
variability in PPR across test days and the precision of mea-
suring PPR ranges.

In order to test our new trial design, we utilized two AEDs
that are already approved for use. The first drug selected was
carbamazepine (CBZ), which is considered to be “narrow-
spectrum”. As many patients with photosensitivity have gen-
eralized epilepsy and generalized spike-wave, there is contro-
versy as to whether CBZ is effective in the photosensitivity
model. The second drug was LEV, which is considered to be
effective in both focal and generalized epilepsy (“broad-spec-
trum”), and has already been proven to be effective in standard
inpatient photosensitivity trial design [2]. We used this drug to
determine “assay sensitivity” for our new design.

CBZ is a typical sodium channel blocker that has been
shown in humans and animals to sometimes increase gener-
alized spike wave activity when given chronically [9]. In this
study, we tested response to IPS after a single dose of CBZ
and compared it to response to IPS after a single dose of LEV.
We hypothesized that if CBZ was able to block or reduce the
PPR in response to IPS, it would be a very strong sign that the
photosensitivity trial design is able to identify a wide variety
of drugs, including “narrow spectrum” ones that are effective
for treating focal epilepsy. However, if CBZ either did not
affect, or possibly aggravated, the PPR in a sufficient number
of patients this would be an indication that the photosensitivity
POC protocol may be most sensitive for screening effective-
ness of relatively broad-spectrum AEDs such as LEV.

Methods

The design was a double-blind, randomized, placebo-
controlled, 2-center outpatient trial in 6 patients with a known
stable PPR on EEG (established with a screening EEG and a
baseline day of PPR evaluation). The study was approved by
the clinical sites’ institutional review boards, and all patients
gave written consent to participate.

Study doses were tested on 1 day with a minimum of
2 weeks of treatment washout between test days. Patients
received single doses of placebo on 2 study days and of active
medication (CBZ, LEV) on 2 separate study days. Single oral
doses of CBZ 400 mg and LEV 1000 mg were each compared
with doses of placebo. During the study days, several proce-
dures and IPS assessments were performed at 5 predetermined
times over the course of the day, 1 pre-dose and 4 post-dose.
Patients who received LEV as a background AED were only
randomized to CBZ versus placebo.

Drugs and matching placebo were prepared by the research
pharmacy at the University of Pennsylvania using over-
encapsulation of all medications. They also prepared the
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randomization list using random permutations (Www.
randomization.com).

Eligible patients were men or women aged 16-60 years
with a diagnosis and history of epilepsy for which they were
treated with at most 2 concomitant AEDs, and had a repro-
ducible PPR on EEG of at least 3 points on the SPR scale in at
least 1 eye condition. Patients were excluded if they had
serious medical or psychiatric conditions, a history of non-
epileptic seizures, were receiving AEDs that were hepatic
enzyme inducers, had a history of seizure aggravation or
allergy when taking CBZ or LEV, or did not agree to use
effective birth control.

Patients identified as having a generalized PPR on a prior
EEG underwent screening no more than 21 days prior to the
first dosing visit. At this visit, patients had IPS assessments at
09:30, 11:00, 12:00, 14:00, and 16:00 hours. At least 3 of the
EEGs performed during the screen visit had to demonstrate a
PPR of at least 3 points on the SPR scale in at least 1 eye
condition. Patients underwent a full medical history, and neu-
rological and physical examination. Routine blood work was
obtained for liver function tests, electrolytes, complete blood
count, AED levels, and serum pregnancy test (in women).

Patients who changed background AEDs after screening,
were required to return for an additional screening day. If this
day differed from visit 1 by more than 3 points at 3 times in
any single eye condition, they were removed from the study.

Visits 2-5 were planned to occur at intervals of at least
2 weeks. Patients were instructed to refrain from strenuous
exercise within 48 h and from alcoholic beverages within 24 h
of each visit. During each visit, caffeine intake remained
stable. Patients were instructed to get similar amounts of sleep
on each visit day.

On treatment days, patients presented to the epilepsy center
at 08:00 hours. At 09:30 hours they underwent a pre-dose IPS
session. At 10:00 hours they received a dose of placebo, CBZ
400 mg, or LEV 1000 mg, in a blinded fashion. IPS
sessions were repeated at 1, 2, 4, and 6 hours after
dosing. A brief neurological examination and vital signs
were performed 4 h after dosing. Blood was collected for
AED levels at 1 and 6 h after dosing, and was sent to the
laboratory by an unblinded nurse who selected the correct
AED. All other study personnel remained blinded to AED
results until study completion.

All TPS assessments were performed using the systematic
protocol previously described by Kasteleijn et al. [2]. A stan-
dardized EEG photic stimulation procedure was used: 5 s of
intermittent white flashes by a Grass PS 33 photic stimulator
(1 Joule) with a 7-s pause.

Flashes were administered at standard frequencies of 2, 5,
8, 10, 13, 15, 18, 20, 23, 25, 30, 40, 50, and 60 Hz in 3 eye
conditions (eye closure, eyes closed, and eyes open). To
determine the upper and the lower IPS thresholds, each fre-
quency was initially assessed in all eye conditions, starting at
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2 Hz. As soon as generalized EEG epileptiform activity ap-
peared, the stimulation for that particular frequency in a par-
ticular eye condition was terminated. The frequency at which
the first PPR occurred was considered the lower bound of the
range of frequencies at which the patient was sensitive in that
eye condition. A lower bound was determined in each eye
condition. Similar assessments were carried out starting at
60 Hz and descending through the standard frequencies.
Again, the stimulator was turned off if a generalized response
was seen, to avoid occurrence of a seizure, and the sequence
was stopped at that frequency for that specific eye condition.
This was considered the upper bound of the range to which the
patient was photosensitive. The patient is presumed to be
sensitive to all the frequencies between the upper and lower
bound (these frequencies are not tested because of a high
seizure risk at the most sensitive frequencies). The ranges in
Hz between the upper bound and the lower bound for each
patient were transformed into a metric, the SPR. Reduction of
the range was defined as reduction of at least 3 frequency
levels (SPR reduction of 3) out of a maximum of 14 on the
SPR scale or complete abolition of the PPR.

One of the authors (D.K.) acted as an independent reviewer
and determined all sensitivity ranges in a blinded fashion.

Statistical Analysis

The data were analyzed using mixed effect models to account
for the correlation among measurements on the same patients
[10]. Random effect models were used to account for the
correlation of measurements taken within the same patient.
Random effect models are more flexible and more efficient
that repeated measures model, and can handle missing obser-
vations within a patient without removing the entire patient
from the analysis. Data were first reduced by calculating the
average of the photosensitivity range measurements taken 1,
2,4, and 6 h after dosing for each visit. This average was used
as the dependent variable, while drug (placebo, CBZ 400 mg,
LEV 1000 mg) was used as the independent variable in all
models. Patients were entered as random effects. Means and
ranges of PPR for each patient, across each day for each eye
condition (eye closure, eyes closed and eyes opened) for each
treatment were also evaluated descriptively. Graphical dis-
plays of the data for each patient allowed exploration of
inter- and intrapatient variability.

Results

Nine patients were screened for the study. Of these, 3 did not
display sufficient photosensitivity and therefore were not en-
rolled. Six patients (3 men and 3 women) were enrolled and
completed the study. Two of the patients were monozygotic
twins. By history, 5 had idiopathic generalized epilepsy and 1
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Table 1 Levels of study medication at hour 1 and hour 6 after blinded
study administration

Patient Study drug

CBZ (mcg/mL) CBZ (mcg/mL) LEV (ug/mL) LEV (ug/mL)

1h 6h 1h 6h
1 <3 <3 28 9
2 <3 <3 NA NA
3 1.5 6.1 1.9 19.2
4 <0.5 5 152 79
5 2.5 4.7 123 79
6 <0.5 2.6 152 92

CBZ=carbamazepine; LEV=levetiracetam; NA=not applicable

(patient #3) had partial onset seizures (with a family history of
generalized epilepsy). One patient had an increase of VPA
comedication during the study. This patient was rescreened,
and as he still met inclusion criteria, he completed the remain-
ing visits. Patients were all receiving 1 or 2 background drugs
for the duration of the study. These were LTG/VPA (patients
#4 and #5), LTG/zonisamide (patient #6), LEV (patient #2),
VPA (patient #1), and zonisamide (patient #3). The patient
who was on LEV did not complete the LEV arm, as per
protocol.

Table 1 presents serum concentrations of CBZ and LEV
evaluated at 1 and 6 h after dosing. Table 2 includes informa-
tion about background drugs and serum concentrations. Back-
ground drug levels that were available were consistent with
patient adherence with these doses.

All CBZ levels were<3 mg/l at hour 1, and 3 were>4 mg/1
at hour 6 (patients #3 #,4, and #5). LEV levels were always
higher at hour 1 than hour 6, except in patient #3. Peak LEV

Table 2 Demographics of enrolled patients

levels were between 10 and 20 mg/l, except for patient #1,
who achieved a level of 28 mg/l.

PPR treatment results are shown in Fig. 1, and an example
of PPR response in a single patient is shown in Fig. 2. Patients
who received LEV had the lowest mean PPR compared with
the other treatments (placebo, CBZ). The mixed effect model
showed a significant effect of LEV in all eye conditions (p <
0.001) (Table 3). There was no evidence of a significant
decrease for CBZ or the placebo treatments on PPR. More-
over, complete suppression of PPR in the eyes closed condi-
tion at 2 time points occurred only with LEV, and was present
in 3/5 patients who completed the LEV arm. In most patients,
CBZ neither raised nor lowered the mean PPR, and did not
produce complete suppression with eye closure in the patients.
Changes in PPR did not appear to be influenced by CBZ
serum concentrations. In fact, at hour 6, when the CBZ level
was higher than at hour 1, the PPR was lower in only 1 patient
than at hour 1, was higher in 4 patients, and the same in 1
patient. There did not seem to be a direct concentration rela-
tionship for LEV and PPR. There was no consistent effect of
placebo treatments or the time of testing in the day (e.g.,
morning or afternoon) on changes in PPR.

Discussion

This study is the first double-blind, placebo-controlled photo-
sensitivity study, and showed the feasibility of an efficient
outpatient protocol to screen compounds for antiseizure ef-
fects. Prior studies have been single-blind, inpatient studies,
where the treatment day would immediately follow the place-
bo day. An outpatient photosensitivity study allows treatment

Patient Duration Min./max. Syndrome Seizure types Concomitant AED doses Range of AED levels
(daysin intervisit interval by history
study) (days)
1 307 1/169 Idiopathic generalized PGTC, absence  Visit 1-4: VPA ER VPA ER 500 mg:
500 mg QPM 18.5-37.1 VPA ER
Visit 5: VPA ER 1000 mg: 79.9-85.1
1000 mg QPM
2 35 7/21 Juvenile myoclonic epilepsy ~Absence, PGTC, LEV 375 mg AM; LEV: 1024 mcg/mL
myoclonic 1250 mg PM
3 57 6/19 Partial epilepsy CPS, SGTC ZNS 100 mg AM; ZNS: 16.8-26.9 mcg/mL
200 mg PM
4 72 14/21 Juvenile myoclonic epilepsy PGTC, VPA 500 mg BID VPA: 88-97 mcg/mL
myoclonic LTG 75 mg BID LTG: 9.7-12.8 mcg/mL
5 93 16/35 Idiopathic generalized PGTC, absence ~ VPA 500 mg BID VPA: 83-121 mcg/mL
LTG 75 mg BID LTG:9.2-11
6 56 6/18 Idiopathic generalized PGTC, absence ~ ZNS 75 mg BID ZNS: 10.9-16.9 mcg/mL
LTG 75 mg BID LTG: 2.4-3.8 mcg/mL

AED=antiepileptic drug; PGTC=primary generalized tonic—clonic; CPS=complex partial seizure; SGTC=secondarily generalized tonic—clonic; VPA=

valproate; ER = extended release; QPM=once in the evening; LEV=levetiracetam; ZNS=zonisamide; LTG=lamotrigine
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Fig. 1 Mean photoparoxysmal responses (PPR) range across 4 (1-6 h)
treatment and baseline test periods, each on different days, for 6 patients
with eye closure condition. Mean PPR was not reduced by carbamazepine

washout periods between study treatments and also permits
double-blinding of study treatments. Outpatient photosensi-
tivity testing is also much less expensive than several day
inpatient studies—an important consideration in early screen-
ing of potential therapies. We found PPR were relatively
stable across and within study days, including baseline and
placebo treatment periods—this permitted drug effects to be
easily identified. We demonstrated strong effects of LEV on
reducing or abolishing PPR, and minimal or no effects of CBZ
on PPR (no exacerbations). This may be owing to relatively
low serum concentrations of CBZ; however, 400-mg doses
are typically the highest doses well tolerated by drug-naive
patients, and CBZ concentrations of 4.6-6.1 mg/l in 3 patients
did not reduce PPR. Moreover, patients had reduced PPR
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(CBZ), but was reduced by levetiracetam (LEV) in all patients compared
to placebo. *SPR=standardized photosensitive range; “patient 2 did not
receive LEV per protocol because it was a background antiepileptic drug

during periods of low serum concentrations of LEV. It is
therefore reasonable to conclude that not all AEDs will pro-
duce an effect on photosensitivity using single, low doses.
Previous studies have shown a reduction in photosensitiv-
ity with almost all effective AEDs tested. However, these
single-blind studies were performed in patients kept in the
hospital at rest for 24-h placebo baseline periods followed by
study treatments. The effect of nonrandom order of treatment
is currently unknown and the outpatient protocol with double-
blind, placebo-controlled treatment that incorporates treat-
ment washout periods is a more objective design. The criteria
to assess changes in PPR also vary across previous inpatient
single-blind studies. These range from reductions in PPR of 3
steps at 1-3 separate time points in 1 eye condition or all eye
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conditions. In 1 trial, a significant change was determined as a
reduction of PPR by 3 steps at 3 time points on a given day,
and no increase on that day compared with the placebo day
[11]. Only 4 post-drug PPR’s were assessed per day in our

Table 3 Results of fixed effects
model comparing effects of car-
bamazepine (CBZ), levetiracetam
(LEV) and placebo treatments on
photoparoxysmal responses. Sta-
tistically significant results are in
bold

A Y

Range (SPR*)
O=2NWHBNONPROO-NWH

Visit 1 - BASELINE

Visit 2- TREATMENT C Visit 3- TREATMENT D

Visit 4- TREATMENT B

Visit 5- TREATMENT A

* Standardized Photosensitive Range (SPR)

study, meaning a reduction in 3/4 time points would be needed
to occur to achieve this outcome criterion. Nonetheless, this
number of reductions occurred in 1 patient in the current study
when comparing one placebo day with another, raising the

Eyes closed Eye closure Eyes open

Estimate  Error p Estimate  Error p Estimate  Error p
CBZ -0.54 0.94  0.5700 —0.08 0.97 0.9300 -1.10 0.98 0.2800
LEV —5.22 1.00 <0.0001 -5.56 1.03 <0.0001 —4.68 1.05 0.0005
Placebo 1 —0.38 0.94  0.6900 -0.25 0.97 0.8000 0.65 0.99 0.5200
Placebo2  0.63 0.94  0.5100 1.08 0.97 0.2800 -0.30 0.99 0.7700
Intercept 6.63 1.11 7.71 1.06 5.55 0.93
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question of whether this is always a reliable measure of drug
effect. Most previous studies assess PPR 8 times per day, and
only 3/8 time points with improvement would be required to
show a reduction to be considered a “positive” result. The
fixed effects model we used here could be an effective alter-
native strategy for identifying treatment effects.

Our results show that a double-blind outpatient study is
feasible in terms of both cost and accuracy. However, sub-
stantial time and effort are required to complete all visits, and
we included baseline and 2 placebo treatment days in order to
examine variability of PPR during sequential outpatient as-
sessments. Our study results suggest that a slightly condensed
design with 1 placebo-treatment day and a limited baseline
“screening” evaluation may be warranted for an efficient
outpatient screening protocol.

Our findings also suggest that the photosensitivity trial
design is a screening study and may identify compounds that
are effective in reducing photosensitive spiking in single test
doses. The POC protocol has been successful in identifying
multiple drugs in early phase drug development that were
subsequently effective in large clinical trials. Our findings
show possible limitations of the study design, as it did not
demonstrate significant anticonvulsant effects of CBZ tables
within a 6-h period. This finding shows that absence of a PPR
effect of a drug tested in only 1 dose should not be interpreted
as evidence that the drug has no effect at all. CBZ is clearly a
highly efficacious drug in patients with focal epilepsy, yet was
either ineffective or poorly effective in this model at the
standard dosage of 400 mg. A previous study by Binnie
et al. [4] reported that of 4 patients (3 with generalized sei-
zures; 1 with partial onset seizures) treated with CBZ 400 mg
doses (given as a liquid for rapid absorption), 2 had PPR
abolishment. The study did not report serum levels [5] and it
is unclear whether other factors, such as effects of concomitant
AEDs, influenced CBZ responses.

Nonetheless, the photosensitivity trial design appears to be
useful as a POC screening protocol for identifying possible
antiseizure drugs. When a clear change from placebo is con-
firmed (as it was for LEV) it confirms delivery of drug to the
brain and can be used as initial evidence of drug efficacy.
Changes in PPR correlated with plasma concentrations of
compounds can also be helpful bridges from preclinical test-
ing and can potentially help identify optimal doses and dura-
tion of treatment effects. The outpatient photosensitivity
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protocol provides efficient screening for drugs that are effec-
tive in the photosensitivity trial design.
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