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Commentary upon and application of the 2019 consensus guidance by the regulatory task force and the pediatric commission of the International League 
against Epilepsy (ILAE), in collaboration with the Pediatric Epilepsy Research Consortium (PERC) regarding a novel study design to assess the efficacy and 
tolerability of antiseizure medications for focal-onset seizures in infants and young children.  
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Abstract
Literature review of patients with KCNQ2 developmental and epileptic encephalopa-
thy (KCNQ2-DEE) reveals, based on 16 reports including 139 patients, a clinical 
phenotype that includes age- and disease-specific stereotyped seizures. The typi-
cal seizure type of KCNQ2-DEE, focal tonic, starts within 0-5 days of life and is 
readily captured by video-electroencephalography VEEG for clinical and genetic 
diagnosis. After initial identification, KCNQ2-DEE seizures are clinically apparent 
and can be clearly identified without the use of EEG or VEEG. Therefore, we pro-
pose that the 2019 recommendations from the International League against Epilepsy 
(ILAE), the Pediatric Epilepsy Research Consortium (PERC), for capturing and re-
cording seizures for clinical trials (Epilepsia Open, 4, 2019, 537) are suitable for 
use in KCNQ2-DEE‒associated antiseizure medicine (ASM) treatment trials. The 
ILAE/PERC consensus guidance states that a caregiver-maintained seizure diary, 
completed by caregivers who are trained to recognize seizures using within-patient 
historical recordings, accurately captures seizures prospectively in a clinical trial. 
An alternative approach historically endorsed by the Food and Drug Administration 
(FDA) compares seizure counts captured on VEEG before and after treatment. A 
major advantage of the ILAE/PERC strategy is that it expands the numbers of eligi-
ble patients who meet inclusion criteria of clinical trials while maintaining accurate 
seizure counts (Epilepsia Open, 4, 2019, 537). Three recent phase 3 pivotal pediatric 
trials investigating ASMs to treat syndromic seizures in patients as young as 2 years 
of age (N Engl J Med, 17, 2017, 699; Lancet, 21, 2020, 2243; Lancet, 17, 2018, 
1085); and ongoing phase 2 open-label pediatric clinical trial that includes pediatric 
epileptic syndromes as young as 1 month of age (Am J Med Genet A, 176, 2018, 773), 
have already used caregiver-maintained seizure diaries successfully. For determin-
ing the outcome of a KCNQ2-DEE ASM treatment trial, the use of a seizure diary to 
count seizures by trained observers is feasible because the seizures of KCNQ2-DEE 
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1 |  POSITION

The purpose of this paper is to provide justification for using 
a caregiver-maintained seizure diary, informed by VEEG 
training, to capture seizure frequency as the primary outcome 
in KCNQ2-DEE ASM clinical trials. The approach proposed 
herein follows from the recommendation published in 2019 
by the regulatory task force and the pediatric commission 
of the ILAE, in collaboration with PERC.1 We propose that 
historical VEEG be used to confirm seizures is feasible in 
KCNQ2-DEE. These recordings would then be used to train 
caregivers to identify the seizures, enabling them to maintain 
a seizure diary throughout the clinical trial. For consistency, 
all efforts would be made to the limit the number of caregiver 
recording seizures into the diary during the clinical trial.

2 |  BACKGROUND

2.1 | VEEG is appropriate for primary 
assessment of seizures in a subset of 
neonates who have very frequent seizures of 
heterogeneous etiologies

VEEG has been considered by the Food and Drug 
Administration (FDA) to be the preferred method to measure 
seizure frequency in circumstances where seizure counting 
by observation is problematic. VEEG has been used as a pri-
mary outcome measure in ASM trials in infants and young 
children, from 1 month to 4 years of age.2-7 The rationale is 
that some types of seizures in young children may be diffi-
cult to distinguish from other nonepileptic movements, mak-
ing seizure classification and counting difficult. Counting by 
clinical observation alone could lead to observers counting 
nonseizure movements as seizures and/or undercounting real 
seizures. To address these difficulties, the Agency has rec-
ommended the use of video-EEG with correlation of seizures 
with EEG electrical activity for study of infants and neo-
nates. For treatment trials that include infants,2-7 video-EEG 
has often been performed for 48 to 72 hours before treatment 
with review by several expert reviewers to achieve consensus 
on the seizure types and frequency. Following treatment with 
an ASM, another video-EEG over the same time frame is 
performed and the seizure counts compared to pretreatment 

observations to determine the primary endpoint of seizure 
reduction. While treatment trials are less common in the neo-
natal period, evaluating seizures in neonates presents similar 
challenges. Evaluating a treatment by counting seizures cap-
tured on video-EEG both before and after treatment is clearly 
necessary for evaluating seizures of neonates wherein the eti-
ology is often hypoxic-ischemic encephalopathy or structural 
/ metabolic, resulting in seizure types that are varied, may be 
subtle and difficult to identify, and therefore difficult to count 
without the use of video-EEG.8,9 Further, seizures in children 
outside the neonatal period are usually clinically apparent, 
mitigating the need for video-EEG to inform an accurate sei-
zure count.

2.2 | Seizures in KCNQ2-DEE

A literature search of PubMed was undertaken using the key 
words KCNQ2 encephalopathy, KCNQ2 developmental en-
cephalopathy, KCNQ2 seizures, KCNQ2 developmental and 
epileptic encephalopathy, KCNQ2 epileptic encephalopathy, 
KCNQ2-EEG and KCNQ2-DEE. Reports from 2012 and on 
were included as the disease was first described and char-
acterized in 2012 although unrecognized cases were likely 
described prior to this. Abstracts were not included. Reports 
with seizure descriptions were included. Literature review of 
16 case studies of patients diagnosed with the genetic syn-
drome of KCNQ2-DEE reveals that the associated seizures 
are characterized primarily by motor seizure types, focal 

are clinically apparent. This strategy is supported by successful precedent in clinical 
trials in similar age groups and has the endorsement of the international pediatric 
epilepsy community.

K E Y W O R D S
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Key points

• Loss-of-function pathogenic variants in the 
KCNQ2 gene cause a developmental epileptic 
encephalopathy.

• Seizure counting in clinical trials of antisei-
zure medications in pediatrics is likely best ac-
complished without using video-EEG to count 
seizures.

• The typical seizures of KCNQ2-DEE are focal 
tonic and accurately recognizable by caregivers.
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tonic seizures being the most common, which are present at 
onset and persist beyond the neonatal period (see Table 1).8-

23 Tonic-clonic and myoclonic seizures are also described. 
Many seizure descriptions include apnea as a prominent as-
sociated feature of the tonic seizure. Other seizure descrip-
tions include generalized tonic-clonic, generalized tonic, 
focal motor, myoclonic, and epileptic spasms, which are all 
clinically apparent motor seizure phenomena. Overall, out 
of 137 KCNQ2-DEE patients reported in the 16 cited stud-
ies, 94% (129 patients) had clear motor seizures (excluding 
patients with myoclonic events only; see explanation to fol-
low), with the majority of patients having focal tonic seizures 
(81%, n = 111). In fact, focal tonic seizures were the main 
seizure type in most, if not all, of the patients described in the 
cited studies (see Table 1).

A focal tonic seizure is an electro-clinical seizure type 
that is readily observed and associated with a clear EEG 
correlate of contralateral amplitude suppression at the out-
set. A description of the characteristic seizures and EEG 
findings in a 6-week-old boy with KCNQ2-DEE is as fol-
lows, reported by Serino et al19: “Seizure semiology was 
characterized by unilateral eye and head deviation, upper 
limb hypertonus sometimes followed by asynchronous and 
asymmetrical clonic jerks, eyelid myoclonias, and polyp-
noea. Ictal EEG was characterized by focal, low-voltage, fast 
activity, followed by recruiting theta rhythms and bilateral, 

focal, spike-wave complexes, alternatively localized to one 
hemisphere and subsequently diffusing to the other.” A de-
scription from Vilan et al21 of seizures in nine KCNQ2-DEE 
infants under 1 month of age states, “Seizures were clinically 
evident in all patients, characterized by asymmetric tonic 
posturing accompanied by cyanosis, and at times followed 
by unilateral clonic activity.”

Notably, there were no reports of electrographic subclin-
ical seizures in the KCNQ2-DEE cases reviewed. Multifocal 
epileptiform features were frequently described as part of the 
EEG background, as was an intermittent non-seizure‒associ-
ated burst-suppression pattern often present until 6 months 
of age. A minority of patients with KCNQ2-DEE also suffer 
bouts of epileptic spasms within the first year of life.

In summary, the characteristic seizures of KCNQ2-DEE 
are clear countable motor events that can be readily clini-
cally observed. The majority are focal tonic, along with other 
motor seizure types including generalized tonic, clonic, and 
generalized tonic-clonic seizures. One exception is myoclonic 
seizures. Single myoclonic jerks may be nonepileptic and are 
very hard to count. In many trials, myoclonic jerks are not con-
sidered a countable seizure and are not included in the effi-
cacy endpoint. Repeated myoclonic movements are counted as 
clonic seizures. Finally, it is clear that KCNQ2-DEE affected 
infants do not have highly variable seizure types or subtle sub-
clinical seizures.

(Author/Year) Patients (n)
Motor seizuresa  
(Patients, n)

Total focal tonic 
(Patients, n)

Duan et al (2018)8 1 1 1

Hortiguela et al (2017)9 13 13 9

Kato et al (2013)10 12 11 11

Ko et al (2018)11 7 7 7

Lee et al (2019)12 7 7 7

Milh et al (2013)13 16 14 12

Millichap et al (2016)14 23 19 15

Numis et al (2014)15 3 3 3

Olson et al (2017)16 10 10 6

Pisano et al (2015)17 15 15 12

Schubert-Bast et al (2017)18 1 1 1

Serino et al (2013)19 1 1 1

Spagnoli et al (2018)20 3 2 2

Vilan et al (2017)21 9 9 9

Weckhuysen et al (2012)22 8 8 8

Weckhuysen et al (2013)23 9 with severe DEE 9 8

Total N = 137b 129b /137 (94.2%) 111b /137 (81.0%)
aIncluding focal tonic, generalized tonic, clonic, tonic-clonic, generalized tonic-clonic seizures. 
bOne patient (who had focal tonic seizures) was reported in both Millichap 2016 and Olsen 2017. That patient 
is only counted once; therefore, the totals in each column appear to be one patient less than when patients from 
all the reports are added together. 

T A B L E  1  Literature review—
seizure types observed in patients with 
KCNQ2-DEE
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3 |  RATIONALE SUPPORTING 
USE OF A CAREGIVER DIARY 
FOR PRIMARY ASSESSMENT OF 
SEIZURE FREQUENCY IN KCNQ2-
DEE

Given that patients will have had EEG or VEEG confirma-
tion of seizures, which is recommended by the ILAE for the 
evaluation of children with undiagnosed repeated abnormal 
events,24 the use of seizure diaries as the primary method to 
evaluate seizure frequency in the infantile and early child-
hood KCNQ2-DEE population is supported by the following: 

a. The most frequent and typical seizures of KCNQ2-DEE 
are easily observable, most clinically relevant, and easily 
counted. 
• Multiple reports describe KCNQ2-DEE seizures as ste-

reotypical, most often focal tonic in semiology, and ob-
servable from birth.8-23

• Parents have the ability to correctly identify seizures 
with a high degree of confidence (KCNQ2 survey), 
which can be further improved with training.1

b. Seizure diaries allow frequent, daily recording of seizure 
burden to measure treatment effects. 
• This is important because there is typically some vari-

ability in the timing and frequency of seizures, so daily 
seizure capture provides the granularity needed to accu-
rately measure treatment effect.

• The alternative, VEEG, would only allow for 2-3 days 
of seizure capture after treatment.

c. Caregiver-reported seizure diaries have been successfully 
employed in other studies of pediatric epilepsy syndromes 
such as Dravet and Lennox-Gastaut (LGS). 
• For example, in a study of patients with Dravet syn-

drome, “convulsive seizures” specifically tonic-clonic, 
tonic, clonic, or atonic were counted toward the pri-
mary outcome.25 “Non-convulsive seizures,” defined 
as myoclonic, countable focal, other focal, or absence 
seizures, were captured as a secondary outcome.

• In another study of Dravet  syndrome, again “convul-
sive” seizures were used to assess the primary outcome, 
which is a clearly observable and dangerous seizure 
type.26

• In a study of LGS, “drop seizures” comprised of ton-
ic-clonic, tonic, or atonic seizures that resulted in the 
patient dropping, informed the primary outcome.27 
Total seizures (the sum of all tonic-clonic, tonic, atonic, 
clonic, myoclonic, countable focal, other focal and ab-
sence seizures) were counted as part of the study's sec-
ondary outcomes.

d. The ability to use a seizure diary rather than VEEG has 
many advantages, not the least of which is convenience 
for the participating families.1 

• Subjects in the previously preferred infant trial de-
sign were typically required to undergo at least two 
24-48 hour VEEGs, most likely as an inpatient, which is 
burdensome to families. A 24- to 48-hour VEEG study 
may not capture enough seizures (or any seizures in pa-
tients with less frequent than daily seizures) and there-
fore may not adequately reflect the true seizure burden 
of the participant. Alternatively, a seizure diary enables 
enrollment of patients whose seizure frequency is vari-
able, less than daily, or presents in clusters.1

4 |  SEIZURE COUNTING IN 
AN ASM TREATMENT TRIAL IN 
KCNQ2-DEE

For research purposes, the seizure types used for evaluating 
the effect of an intervention must be clearly defined. As listed 
in Table 1,8-23 the seizures seen in KCNQ2-DEE include the 
following motor seizures: focal tonic (most common), general-
ized tonic, clonic, and generalized tonic-clonic seizures. These 
seizure types would be counted in the primary analysis for a 
study evaluating ASM treatment in KCNQ2-DEE. Important 
exclusions to countable seizures for KCNQ2-DEE would in-
clude single myoclonic jerks or staring spells without a motor 
component consistent with the seizure types included.

Reports of EEG correlation with clinical seizures sup-
port both focal and generalized onset of these seizure types. 
The EEG background may be chaotic, showing multifocal 
spikes or burst suppression.21,22 Therefore, each seizure type 
counted in a clinical trial of ASM treatment for KCNQ2-DEE 
could be classified as either focal or generalized in onset, as 
supported by EEG correlation.28

As part of determining eligibility for an ASM clinical 
trial in KCNQ2-DEE, an adjudication committee consisting 
of KCNQ2 variant experts would need to vet each potential 
trial participant prior to enrollment by evaluating phenotype, 
genotype, and VEEG findings. The adjudication committee 
would provide an additional review of the VEEG information 
to ensure that appropriate patients are enrolled.

5 |  TRAINING CAREGIVERS ON 
COUNTING SEIZURES FOR KCNQ2-
DEE CLINICAL TRIALS

A systematic training program to teach caregivers how to 
identify seizures is proposed below.

1. Locate historical VEEG of typical seizures, or repeat 
VEEG if seizure semiology has changed; review with 
parents or caregivers to confirm that these are typical 
seizures.
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2. Invite parents or caregivers to review VEEG results at a 
time when everyone is available for 1 hour and is calm.

3. Choose no more than two persons to be officially trained 
as seizure-counters.

4. Review seizures to be counted in the study via VEEG.
5. Discuss seizure features with seizure-counters, including 

what not to count:
a. KCNQ2-DEE seizures include the following motor sei-

zures: focal tonic (most common), generalized tonic, 
clonic, and generalized tonic-clonic seizures.

b. Important exclusions to study countable seizures 
are single myoclonic jerks or staring spells without 
a motor component consistent with the seizure types 
included.

6. Play video of myoclonus or other nonseizure events 
to demonstrate what not to count (within the patient or 
historical).

6 |  CONCLUSIONS

The use of seizure diaries as the primary method to evalu-
ate seizure frequency in the infantile KCNQ2-DEE popula-
tion is supported by the following rationale. Multiple reports 
conclude that KCNQ2-DEE seizures are stereotyped and ob-
servable from birth. It follows then that seizure diaries are a 
robust method to capture the true seizure burden of a patient 
rather than relying on a very small window of time with the 
use of video-EEG, and there is precedent for this approach 
in syndromic epilepsies. Moreover, this approach allows a 
broader range of patients to be eligible to participate in this 
important trial, such as those with less than daily seizures in 
whom video-EEG as part of the study protocol becomes im-
practical. Inclusion of a broader group of patients is also key 
given the rarity of the disease.

Accordingly, we propose that the primary outcome mea-
sure of an ASM treatment trial in KCNQ2-DEE that includes 
children as young as 1 month of age can be identified and 
documented by parents in a diary. In a clinical trial setting, 
an adjudication committee consisting of KCNQ2 variant ex-
perts will vet each potential subject for trial enrollment by 
evaluation of phenotype, genotype, and video-EEG findings. 
Training on seizure identification using video-EEG would be 
provided systematically to all potential caregivers of a given 
subject. The seizures captured and used for training parents 
will be recorded in a seizure diary.

In addition to being supported by multiple preceding 
studies in pediatric syndromic epilepsies in the age group 
included in our trial, our proposal is in alignment with a re-
cently published consensus document from the Regulatory 
Task Force and the Pediatric Commission of the International 
League against Epilepsy (ILAE), in collaboration with the 
Pediatric Epilepsy Research Consortium (PERC).1 This 

publication clearly outlines the rational for assessing the 
outcome of an ASM treatment trial in very young children 
by using daily outpatient seizure diaries with the seizures to 
be captured identified by prior EEG, video, and video-EEG. 
This approach combines the rigor of accurate seizure iden-
tification and classification via video-EEG with a clinically 
relevant seizure diary count by caregivers and is practical, 
efficient, and generalizable to clinical practice.1 The consen-
sus statement recommends the following procedure for sei-
zure documentation in an interventional study: “Seizures with 
clinical signs will be confirmed by video-EEG (preferred) or 
video (with clear semiology and supporting clinical and in-
terictal EEG data) for each study participant and reviewed 
centrally by experts in pediatric epilepsy. If available, prior 
clinically obtained video-EEG or video recordings may be 
used to confirm that the events in question are seizures if the 
seizure semiology has remained the same. If no clinically ob-
tained recordings are available, then they will be obtained as 
study procedure before randomization. The clinically observ-
able focal onset seizures documented by video-EEG or video 
will be the events of interest for the study's primary endpoint. 
In the pretreatment baseline period, titration phase, and 
maintenance period, the above clinically observable seizures 
will be recorded in seizure diaries by caregivers.”
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