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Supporting information: Video 1 and Video 2
Summary and Key Words:

Objective: To analyze whetheKCNQ2 R201C and R201H variants, which shatypical
gain-of-function glectrophysiological properti@svitro, have a distinctlinical presentation

and outcome:

Methods: Tenchildrenwith heterozygougje novo KCNQ2 R201C or R201H variastwere
identified worldwide, using alRB-approvedK CNQ2 patient registry andatabaseWe

reviewed medical records, and where possible, interviewed parents and treating physicians
using a structuredetailedphenotype inventory focusing dime neonatal igsentatiorand

subsequent course.

Results: Ninepatients had encephalopatingm birth and presentedith prominent startle
like myoclenusyWhich could be triggered by sound or touch. In geatentsEEG was
performedin the neonatal period and showed a burst-suppression pattern. However,
myoclonus‘did‘not have an EEG correlate. In many patients the paroxysweinents were
misdiagnosed as seizures. Sepatients developegpileptic spasma infancy.In all
patients EEG showed a slow background and midtal epileptiform discharges later in
life. Otherpreminentfeatures includedespiratorydysfunction (perinatal respiratory failure
and/or chronic hypoventilation), hypomyelination, redubeinvolume, and profound
developmental delay. One patidratda later onsetand sequencingndicated thatlow

abundance (~15%) R20Mariant had arisehy postzygotic mosaicism

Significance: HeterozygouCNQ2 R201C and R201H gain-of-function yeamts present
with profound neonatal encephalopathythe absence of neonatal seizuiésonates present
with non-epileptic myoclonus that is often misdiagnoaed treated as seizuréxrognosis is
poor.Thiselinical presentation is distinct from the phen@gssociated with loss-

function variants, supportinfpe valueof in vitro functionalscreening These findings
suggesthatsgainof-functionand lossof-function variantsieeddifferent targeted therapeutic

approaches

Key words: KCNQ2, neonatal seizures, myoclonepileptic encephalopathinfantile

spasms
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Introduction:

Pathogenic ariants inKCNQ2, a genavell-known to be involved in benigiamilial
neonatal epileps{BFNE), have emerged as an important causgeohatal onsedpileptic
encephalopathyKCNQ2 encephalopathy)® BENE is characterized by seizure ongthin
the firstdays oflife, seizure remission within months, a normal interictal E&@mal
developmentybut increased posenatal seizure risk® Patients withK CNQ2
encephaloepathy-also present with frequent neorataliresbuttheir interictal EEG is
severely"abnormal and characterized by multifocal epileptiform abnomsahitth random
attenuation®r aburstsuppressiompattern and they have moderate to profound

developmental delay”

BFNE arises from KCNQ2 alleles causing haploinsufficienéycluding deletion of
the entire gene) and fromissenseariants that exhibipartial lossof-functionin vitro.®*°
Studies of severdd CNQ?2 variants that caud€CNQ2 encephalopathy reveal maggtensive
loss-of-functionor a dominant negative effett *These studies suggest a potential direct

relationship betweethe degreeof lossof-function and clinical severity* **Recently, he

This article is protected by copyright. All rights reserved
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KCNQ2 missense varian201C and R201¥"* were shown tincreasechannel openinin
vitro, a gain-of-functioneffectopposite to the lossf-function produced by previol&-NE

andKCNQ2 encephalopathyariants™

Given thedistinctivemolecular physiologpf KCNQ2 R201C and R201lh vitro, we
investigatedvhether hese variants result indistinctphenotype. W reportdetailed clinical
data on the neonatal presentation othildrenheterozygous foKCNQ2 R201CH and
describe: asuniguelectraclinical phenotype that includes neonatal encephalopaitigput
seizures, exaggeratsthrtleresponsé¢hat is often misdiagnosed as seizulesst-
suppression EE@atternat birth with evolution into multifocal epileptiforalischarges, early
hypoventilation and supplemental oxygen requirement, hypomyelination, and profound

developmental delay with early mortality.

M ethods:

We studied a cohort giatients withde novo KCNQ2 R201C or R201Hariants that
wereincluded in‘the Rational Intervention of KCNQ2 Epileptic Encephalopathy (RIKEE)
databaséhttp://www.RIKEE org), acurated database aggregagnbplished information and
unpublishegatient dataince 2011 provided Iphysicians or families aftgrarental
informedconsentBased on the electroclinical featurdsa newly diagnosed newbommith a
de novo R201C variantgatientA, Table 1),a detailed clinical questionnaire was sent to the
referring physiciarof all identified patientsincluding the one previously published patient
with a R201C variant (patient D in current study and paBeintWeckhuysen et 3l. Data
requested included information on neonatal neurologic egegsence gbaroxysmal
events/seizures @bnormal movements in the neonatal period and later in life, whether
seizures wer&EG-confirmed, EEG findings in the neonatal period and during follow-up,
anti-seizuredrugs used, neuroimaging findings, other bsgstemsinvolvement,
neurodevelepment, and mortalifyhe actual idec-EEGrecordings, when availablegre
reviewedby-a neonatal neurophysiologist (MREpr some patientsnembers othe
investigativesteam spoke directly with the parent via conference call to betterstand the
early presntation and cours@he respectiv& CNQ2 variantswere identified in different
diagnostic or research lafatories, using targeted gene panels that inclu€eNQz2 or single
gene Sanger sequencing. All variants were proven to deaavo. Parentatonsent was

obtained to include patient videos.
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Results:
Neurologic Presentation

Eightpatients wittheterozygousle novo R201C variantandtwo patients with
heterozygousle novo R201H variantsvere identified Table 1).The majority of infants were
born at termeafter uncomplicated gestations and deliveries. Patient C had bradycardia prior to
delivery viaicaesarian section. One chpdt(ent H was found tacarry apostzygotic mosaic

variant this patient had later symptom onset andissussed below.

Thesremaining nine patients presented with encephalopathy agrilder inthe
R201H casesand developed prominent, abnormal body movements within the first tays
age.The movements wereharacterized by high amplitude spontaneous myocjerksthat
weretriggered by touch and sound, suggesting@eaggeratesdtartle responsgrideo 1).
These paraxysmahovemens wereclinically considered as epileptic seizuregight
patientsandtreatedwith antiseizuremedicationsvithout success. Howeverhere available
for review (patients A, D, Gnheonatal vide&cEGs demonstratethat the abnormal

paroxysmal'movementackedEEG correlat@ndwere consistemon-epilepticmyoclonus.

EEGwas performed in theeonatal period iseven infants, and in all of them it
demonstrated an invariant busstppression pattelirigure 1A) Neurologic examvas
notable for.diffuse hypotonia and marked hyperreflexieightpatients Brain MRIin five
patients wagbtained akx 10 days of age and either was reported as norrfrak two) or

showednmild,reduced brain volumg = threg.

After one month of age, the EEG showed a pattern of fimdélepieptiform
dischargesn all X0 infantgFigure 1B) Seven infants developegileptic spasms at a
median age-dive months (rangéhreeto 24 months)All four infantswho had neonatal
EEGand develeped epileptic spasstiwwed a burst-suppression pattern in the neonatal
period.BrainsMRI wasobtained ireight infants betweeoneand 24montts of age and
revealechypemyelination and reduced brain volume ingatients(Figure 2)and abnormal
signal in the basal ganglia in one patient (F). Reduced brain vddecane more evideon
follow-up brain MRI. RitientA alsohad subependymal heterotopf&gyure 2) The patierd
had profound developmental delay without the achievemeatisoérnablelevelopmental

motor milestonesandwerenonverbal One patient (patient I) later in lifgideo 2)

This article is protected by copyright. All rights reserved
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developed severe choreoathetomyever it is possible thatmilar movement disorders
including choreathetosisand myoclonus-dystonia, occurred in some of the other patients.
Fourpatientshad early mortality ranging from 4.5 months to 6.3 years. The sithehildren

are aliveandcurrentlybetween 19 months affide yearsof age.

One patientgatientH) did not have encephalopathy nparoxysmal events as a
newborn. She was noted to have only mild axial hypotonia, and by age one year could sit,
crawl insa supine position and roll over independerahd, although showingpme
developmentakdelay, she could reach milestones not attained by the otheti@nts
However, in the second yeai life, developmentalegression occurrezbinciding with the
onset ofepileptic spasms despite aggressive physical therapy e#forgefive years she
wasnon-verbal, hon-ambulaty, but couldsmile and communicat@easure to her family
Whole exomessequencing revealed a low abundance KCNQ2 ¢.601C>T variant in 16 of 81
reads, or 19:8% (95% confidence interval, 11.7% - 30.1%g.difference between the
observed frequency and 50% (expected for heterozygosity) walg kignificant P = 3.6 x
108, Binomial'éxact te3t*> Consistent with whole exome sequencing results, when
bidirectional Sanger segeuncing was performgehrallel on the trio, the variant peak was
estimated as 135% of the total at base 601.

Treatment

All patients were trialed on multiple medicatiofigble ). Given the genetic
mutation inKCNQ?2, five patients were taledon retigabine/ezogabine (European
name/United States nanmtedtween 17 days and foyears of agevith little or noresponse.
PatientA was slowly escalatetd a dose of 7mg/kg every eight hours over a periddreé
weeksto alevel of 1,600ng/mL. While on ezogabine, the EEG continued to have a pattern of
severe encephalopathy and there waslina@cal improvement in respiratoyr neurological
status GGT.beeame elevated to 404 U/L, although AST and ALT remained normal. Given
the lack of responsezogabine was discontinudeatientG had clinical worsening on
retigabineatsix.months of ageiith incressed paroxysmal events, prolonged apneas, and
severe sedation. Patidathad subjective improvement witlicreased wakefulnesghen on
retigabine afour yearsof age Three patients with epileptic spasms were treated with
hormonal therapy (adrenocorticotropic hormone) with poor response (patients F, H, and J).

In two of these patients, spasms reduedithough did not resolvafter startingvigabatrin.

This article is protected by copyright. All rights reserved
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All 10 infants were treated withgabatrinearly in life.In five patients a noticeable
reduction ineitherthe exaggeratedtartiémyoclonicjerks (patientsA and C) or aedudion
in spasmsatientsF, G, and Hwas notedInterestingly patientA was treated with
vigabatrin for control oéxaggerated startle and jerkiatfour months of age and did not

developepileptic spasms.
Other System Involvement

Respiratory problemsncluding respiratory failure and recurrent aspiration
pneumonia,,were common amongdhpatients (Table 1)n six patientgA-D, F, and G)
there was ‘respiratory failuend hypoventilatiomt birthandmechanical ventilatioor
oxygen supplementatiomas requiredPatient Arequired invasive mechanicantilaion
until two weeks of agand then required ndnvasive positive pressure ventilation umivio
months of age due to hypoventilation and chronically elevated p@®esponsive to
caffeine, theophylline, and aminophylline treatments. After discontinuationdfaneal
ventilation,,patienA exhibited excessive sighing and atypical periodic breathing associated
with intermittent’hypoxia (Figure 3Congenital central hypoventilation syndro(@&CHS)
was consideregdilthough patients wittCHSusually have a normal EEG. However, Sanger
sequencingrevealed no variant$HOX2b nor did whole exome sequencing reveal a
mutation in othet genes linked @CHS™ Chronic compensated respiratory acidosis with an
irregular breathing pattern was seen in pati@mthoreceived supplemental oxygen usik
months of age. Patient D also had chronically elevated,pfé@eived supplemental oxygen,
and died suddenly, overnight, without preceding infectiatieRs E, I, andJ had recurrent
aspiration/pneumonias and often required admission totéesive care unit for respiratory

insufficiency.Patient] had clubbing of the finger naid five years of age.

Three"patientdeveloped diabetes insipidus (A, C, and F) between dmetmonths
of age that'in patient A required prolonged DDAVP and did notrestitve The only
dysmorphic feature documented in the infants was an abnormal palate; pdtehal@left
soft palate, patier® had a cleft palateand patient @ad a higkarched palatéAll patients

werefed by gastrostomy tube.

Discussion:

This article is protected by copyright. All rights reserved
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Patientswith the gain-of-functiolKCNQ2 R201C and R201Mariants have severe
form of KCNQ2 encephalopathy with a phenotyipat isnovel anddistinctfrom whathas
been reported for oth&CNQ2 encephalopathyariants Previously undescribddatures
include neonatal encephalopathighout seizuresexaggerated and prolonged startle
responsewith-bilateral high amplitude myoclgeidkswithout EEG correlate
hypoventilationwith periodic breathing, and profound developmeimtgdairmentwith early
mortality. Our electreclinical datasupport the hypothesikatin vitro gainof function
correlateinyvivo with clinical featureshat aredifferentfrom the ones observed in neonates

with variants causing loss-of-function.

The position of the variant likely has an impact on the clinical expre3sfoite
BFNE-associated variants ar@hdomly distributed throughout the chanpedteinand
include missense, splicgtop, and frameshift variants as well as exon and whole-gene
deletions, eurrently knowCNQ2 encephalopathyariants are missense single codon
deletionsglustemng in four functionally important protein domains: the voltage sensor
domain thé pore, ta Gterminus proximal region, and the calmodulin-binding B helix
region’ Within thevoltage sensor domain, md$éENQ?2 variants causing encephalopathy
reduce channel functigioften with dominannegative effects)" > However, a few
affecting residues involved woltage sensadomain resting state stabilizati¢ire. R201C,
R201H,and R198Q produe gain-of-function effe by shifting activation to more

hyperpolarized potentials and/or increasing maximal currersitgefy 8 *°

Bothde novo loss-of-function and the R201C/H gain-of-function variants lead to a
neonatal encephalopathy characterized by a burst-suppré&ssigpattern However, even
though 70% of the patients in our series developed epileptic spasms in iif@enalgsence
of seizures,in the neonatal period seems to be a peculiarity of thefgamction variants. In
fact, no neonatal seizures or encephalopathy were repoffiaat ipatients carrying a milder
KCNQ2 R198Qrgairof-function variant who later developegilepticspasms at-6 months

of age®®

Excessive startleesponse as a prominent neongaturewas observetbr the
R201C/Hgain-of-functionvariants. The paroxysmal movements were described as
myoclonic in many of the cases. Myoclonic jerks associated with encephalopathiust a
suppression EEG pattern are seen in neonates with Early Myoclonic Encephalgpéi)y

However, inEME, myoclonus is tymially fragmentary, erratic, of low amplitude, tends to

This article is protected by copyright. All rights reserved
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shift from one body part to another in a random asynchronous fashion, and is not induced by
a stimulus® In our patients, the myoclonic movements were massive, elicited by tactile or
acoustic stimulitended to persist after the end of the stimulus, and were difficult to
distinguish from epileptic movements without simultaneous video-EEG recording. Eney w
indeed clinically’diagnosed as seizures and treated as such in most cases of oSuséargs.
misdiagnosiss not surprisingsince it is often impossible to accurately differentiate between
seizures and neepileptic paroxysmal movements in neonates using clinical evaluation

alone?!

Semiologically the exaggerated startle resporsseminiscent ohyperekplexia, a
genetic condition due to mutations affectsmnalglycine neurotransmission that is
characterized by an exaggerated startle response to stimuli, with a brief period of stiffness
following thesstartle reflex? However,EEGin hyperekplexia is normal and there is no
encephalopath$? % The movements of R201C/H neonates are different fromgtokymia
that affect@lderpatients with somepecificloss-of-functionkK CNQ2 variants** % Such

myokymia“is thythmic, ant asign of lower motor neuron hyperexcitability.

One patient harboring the R201C variant had a less severe phenotype and lacked the
early negnatal'features that were consistently seen among the other nine patients. Her genetic
testing indicated post-zygoticasaicism, which wapreviously shown to underlie milder

presentation oKENQ2 encephalopathy loss-of-function variahfs.

Synchronized activity during prenatal and postnatal peigédssential for the
developmenbfcorticalneuronal circuité’ Ourfindings suggest that the R201C gain-of-
functionmaydisrupts network activity in the neonatal period, aunlike lossof-function
variants)samehowprevents some aspects of synchronization and/or excitability required for
expression of'seizureKCNQ2 channet arealso found in neurons of tlersal root ganglia
and nociceptive afferemerminals, wher¢heyplay a role in paisensatiort®*° Since the
paroxysmal movements our patients wer&iggered bytactile stimulationit could be
hypothesized that thexaggerated startlesponse may be secondary to an abnormal

sensation.to touch.

Early central hypoventilation and abnormal breathing patemesdditional
prominent clinical featuseobserved in patients wikiCNQ2 R201C/Hvariants Apneic
episodes and respiratory failure along with neonatal encephalopathy and sevesriaiypo

have been described in males with mefBipiG-binding protein 2 MECP2) mutations> but
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these infants lackoththe distinctparoxysmal movements asdvereEEG findings observed

in infants withKCNQ2 gainof-function variants. Aneas are describedlwoss-of-function

variants o/ CNQ2 encephalopathy and typicalbzcur as part of a tonic seizuré® In our

R201C variant patients however, hypoventilation and aphsarved in the neonatal period
weredemonstrated to kessociated witlkeentral hypoventilationather tharseizure activity.
Interestingly, th& CNQ2 channehaskey functions irrespiratory drivé® Chemosensitive
neurons inthe retrotrapezoid nucleus of the brainstem are regulated tapatbivay which
involves sertonergic inhibition of KCNQ2 channels to increase respiratory diiveesponse

to a change,in,C&H"*.>* A gain-of-functionchannelariant by causingxcessive channel
opening may result in a reduction of respiratory ddue toa decreased sensitivity to

inhibition by serotonindespite chronic elevated G@vels in infants with a gainf-function
variant Sulthiame, a carbonic andirase inhibitor, given to patie@ had a beneficial effect

on breathing. KCNQZ2 potassium channel subunits have also been detected in branches of the
carotid sinus nerve, which provides sensory innervation to the carotid body chemoreceptors,
as well as'ircarotid body glomus cells, which are the maggensing cell in the carotid

bodies™® Little.is’known about the role ®6CNQ2 in the carotid body glomus celbr carotid

sinus nerve,fiber<Of note micehomozygous for & CNQ2 mutation die of respiratory

failure afterbirth*® Respiratory problems may contribute to early mortatitl{ CNQ2
encephalopathy due to R201C/H variaAisimal model and human studiase needetb
understand the effect of gain-of-functiearians on central and peripheral chemoreflex

respiratorycontrol.

In themajority of oupatients MRI showedprogressivaliffuse brain volume
reduction, thin.corpus callosum and hypomyelination. The thinning of the corpus callosum
could reflect the bilateral volume loss in the codsxseen imany other encephalopathies.
Brain MRI atthreemonths of age in one infamgtientA) showed an additional finding of
alteredneuronal migration with gray matter heterotoplaserestingly a neuropathological
reportof a neonatewith KCNQ2 encephalopathy found mild malformation of cortical
development and heterotopic gray matfeand heterotopias were also found in a KCNQ2
transgehic mouse mod&|The cellular and circuit mechanisms through which altered
KCNQ2 channel activity results in such neurodevelopmental structural abnornaakties

currently unknown.

Recognition of genotype-phenotype correlations in patientsk@iQ?2 variants

can have important treatmantplications Retigabine/eogabinea KCNQ-channel opener
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and therefore a presumed targeted therapy for epilepsy invét@N?2 loss-of-functiorr:
%9 did notimpact the myoclonic jerkand/or theencephalopathin patientswith R201C/H
variantsand everseemed téeadto a worsening of theymptomsn at leasbnepatient
(patientG). Given this observation, it is possible that treatment with retigakogsine in
patients withrargatof-function variant may result in a detrimental clinical effé6ENQ2-
related epilepsies atkereforea prime example of the neéat functionalclassification of
allele subgroups, agminof-function and loss-of functiorequire different targeted

therapeutie approaches

Thepatients withKCNQ2 R201C and R201H variants described in this report define
adistinctand very severe form of neonatal encephalopatityprovide a clinical translation
of in vitro functional studiesWe believe that gn-of-functionvariantsof KCNQ2 should be
considerednsnewborns with unexplained severe encephalopathy, burst-suppregsion
pattern andstimulus sensitive myoclonjerks in theabsence of epileptic seizures, as well as
in newborns with central hypoventilatidn. our series, gnosiswvaspoor. Future
investigations'should aim at identifying drugs that counteract excessive channel @sening

anearlytargeted.therapthat may improve outcome.

K ey Point*Box

- The KCNQ2 gain-of-function variants R201C and R201H lead to a
phenotype clearly distinct from the one associated M@NQ2 loss-of-
function variants

- Children havea neonatal encephalopatkgth non-epilepticmyoclonic jerks,
centralhypoventilation, and profound developmertalaywith early
mortality

- In vitro functionalstudiesn KCNQ2 translate tan vivo clinical entities,
supporting the use of distinct targeteshtments for specific patient

subgroups
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Paroxysmal myoclonic movements, without EEG correlate, that are stimulusveensan

infant with the R201C variant at 2 months of age.

Video 2

Chorea is'shown in a 4 year old girl with the R201H variant. The movements wax and wane

with episodes:that last for a few days.

Figure Legends
Figure 1: Evolution of EEG during Early Infancy (Patient A)

A. EEG (7pVimm) attwo days of age showing a burst-suppression pattern. B. EEG
(7uVIimm) at 47 days of age showing a pattern of nfotia! epileptiform discharges with
random areas of attenuation while on ezogabine (level 1600ng/mL). C. EEG (7puV/mm), just
prior to diseharge from the neonatal intensive care unit at 106 days of age showingha patter

of multifocal epileptiform discharges on vigabatrin 50mg/kg/day.

Figure 2. Brain MRI at Three months of agein Infant with KCNQ2 R201C Variant

A. Axial T2 weighted image shows diffuse reduced brain volume with ex \@dacgement

of the lateral ventricles, also notice subependymal heterotopias in the right ventricular atrium
(white arrow)..B. Sagittal T1 weighted image shows diffuse thinning of the corposural

(white arrow)that reflects bilateral volume loss in tbertex C. Axial T1 weighted inversion
recovery image shows no myelination in the anterior limb of internal capsuldd &eou

present athreemonths of age), suggesting hypomyelination (patient A).

Figure 3. Respiratory and SpO», Recording in Infant with KCNQ2 R201C Variant
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Respiratory and pulse oximetry recordingrmeemonths of age showing excessive sighing

and unusual periodic breathing associated with intermittent hypoxia (patient A).

Table 1A. 'Clinical features of R201C/H associated KCNQ2 encephalopathy.

Patient A Patient B Patient C Patient D* Patient E
Mutation C.601C>T; €.601C>T; p.R201Q c.601C>T; c.601C>T; c.601C>T;
p.R201C p.R201C p.R201C p.R201C
Ageat inclusion{"13m (deceased | 2 yr 4 mo (deceased)| 2 yr5 mo 6 yr 4 mo
cardiopulmonary (deceased (deceased)
arrest) SUDEP)
Encephalopathy | Yes Yes Yes Yes Yes(day 5)
at birth
Presenting Istiday of life 1st day of life 1st day of life 2nd day of life- 2nd day of life
par oxysmal exaggerated and | exaggeratednd exaggerated myoclonic myoclonic jerky
eventsand EEG | sustained startle | sustained startle startle response,| movements spontaneous
correlate reaction to touch | reaction to apnea intermixed with | moveaments,
(no EEG noise/touch, apnea tonic component| pronounced startle
correlate) and apnea. (no | responses
EEG correlate)
Early Axial hypotonia, | Severe diffuse Mixed tone, Axial hypotonia | Unknown
neurologic increased hypotonia, hyperreflexia
exam peripheral tone, | hyperreflexiatremor
hyperreflexia
Neonatal EEG BS\(Figure 1A) BS BS BS BS
Follow-up EEG sjuMulti-focal Multi-focal Multi-focal Multi-focal Multi-focal
epileptiform epileptiform epileptiform epileptiform epileptiform
discharges with | discharges discharges discharges discharges (2 yrs)
random
attenuation
(Figure 1B)
Infantile spasms | None at 13noof | Early tonic seizures IS after few
age IS at 4mo months
Retigabine/ezo=y,| Yes (17 days), no Yes (7 wks), Yes (3 mo), no | No Yes, (4 yrs) more
gabine clinical response | decrease in apneas| clinical response wakefulness
(Yes/No), effect | on startle/body no clinical response
movements on startle/body
movements
Vigabatrin Yes, reduced Yes, increased Yes, reduced Yes, no effect Yes, no effect
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(Yes/No), effect | startle hypotonia startle
movements movements
Anti-epileptic CLZz, P5P, B6, PB, VPA, PHT, B6,| CBZ, CLZ, PB, | PB, LEV, TPM, | PB, LEV, VPA,
medications FA P5P, FA, TPM, P5P, FA, PHT VPA, CLZ, KD LTG, TPM, RUF,
LEV, ZNS, LOC, CLB
CBZ, STM, KD,
CBD enriched
cannabis
Brain MRI Mild cerebral Mild brain volume | Severe Mild frontal lobe | Hypomyelinatian,
atrophy (1 wk), loss(1 wk) hypomyelination | volume loss reduced brain
hypomyelination, (2 and 4 mo) hypomyelination | volume(8 mo)
diffuse brain of the posterior
volume loss limb of internal
subependymal capsule,
heterotopias (3 prominent
mo) (Figure 2) ventricles (1 wk)
Development Profound delay | Profound delay Profound delay | Profound delay | Profound delay
Respiratory Chronic Ventilator required | Respiratory Respiratory History of
involvement hypoventilation, | at birth, apneas failure, rare shortf impairment with | frequent
ventilator first 2 | stopped at 3 mo, periods off the need for aspiration

wks, non
invasive PPV
until 2 mo,
caffeine,
theophylline,
Aminophylline
with limited
effect, irregular
breathing pattern
(Figure 3),
remains on

supplemental 9

recurrent aspiration

pneumonias

ventilator,
caffeire tried

with mild effect

supplemental

02, recurrent

respiratory

infections

pneumonias, 2O

dependent at 23
mo, parents
decided not to
ventilate

mechanically

Abbreviations: PB-phenobarbitalLZ-clonazepam; PHPphenytoin; VPA-valproic acid;

LEV-levetiracetam; TPMopiramate; ZN&onisamide; LO&acosamide; CBZ

carbamazepine; OX0xcarbazepine; STMulthiame; LTGlamotrigine; CLBclobazam;
RUFrufinamide; CBDcannabidiol; FAfolinic acid; B&pyridoxine; P5P-pyridoxal-5-

phosphate; KEketogenic diet; PPVpositive pressure ventilation; -iSfantile spasms
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Table 1B Clinical features of R201C/H associated KCNQ2 encephalopathy.

Patient F Patient G Patient H Patient | Patient J
Mutation c:601C>T, €.601C>T, €.601C>T,; C.602G>A, C.602G>A;
p.R201C p.R201C p.R201C (mosaic) | p.R201Hs p.R201H

Ageat inclusion Swyr 19 mo 5yr 4 yr 6 mo 4 yr 10 mo
Encephalopathy | Yes Yes No Yes (mild) Yes (mild)

at birth

Presenting 2ndday of life- | 1st day of life None reported 1st day of life 1st day of life
par oxysmal stiffening multi-focal erratic | during infancy myoclonic early neonatal
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eventsand EEG events (not myoclonic spontaneous myoclonic events
correlate captured on movements movements,
EEG) exaggerated with exaggerated
stimuli (No EEG startle to
correlate) noise/touch
Early neur alegic.{=Severe Severe hypotonia | Mild axial Axial hypotonia, | Unknown
exam hypotonia, hypotonia increased
hyperreflexia peripheral tone,
hyperreflexia
Neonatal EEG BS BS N/A Unknown None
Follow-up EEG Multi-focal Multi-focal Multifocal Multi-focal Multi-focal
epileptiform epileptiform epileptiform epileptiform epileptiform
discharges, discharges, slow | abnormalities, slow| discharges discharges (3mo)
slow background background. (3mo), hypsarrythmia
background hypsarrythmia (5mo), multi-
(3mo) focal epileptiform
discharges, slow
background (4
yrs)
Infantile spasms | IS at o IS IS (age 2yr) IS at 2mo IS at 5mo
Retigabine/ezo- No Yes (6 mo), No No No
gabine (Yes/No), worsening
effect seizures,
prolonged apneas
severe sedation
Vigabatrin Yes reduced Yes, reduced Yes, controlled Yes, no effect Yes, limited
(YedNo), effect spasms spasms spasms, caused effect on spasms
sedation
Anti-epileptic PB, TPM, LEV, OXC, PB, ACTH, LEV CBZ, ZNS, PB, | ACTH, PHT,
medications ACTH, KD, STM, TPM, PHT P5P, FA VPA, TPM, LEV
LEV, CLZ, FA, | VPA
B6, P5P
Brain MRI Normal (1 wk), | Normal (1.5 wks), | Hypomyelination Hypo Persistent cavum
Increased T2 hypo myelination | (10 mo), marked myelination, septum
signal in the (2 mo) hypomyelination diffuse brain pellucidum (5
basal ganglia (1 and enlarged volume losg3 wks), abnormal
yr) subarachnoid mo) (2yr)
spaces (4 yr)
Development Profound motor | Profound delay Age 1yr- mild Profound delay | Profound motor

delay

developmental
delay

Age 5 yr severe
delay

delay, rare words
responsive
smile/laugh
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Respiratory

involvement

Ventilator
required at birth
for 4 days,
discharged from
NICU on
supplemental
0O,, has
occasional

apneas

Supplemental Cg

until age 6 mo due
to chronic
compensated
respiratory
acidosis (venous
pCOo, =75

mmHg), irregular
breathing pattern,
STM had a good

effect on O2 need

Frequent
respiratory illnesses
requiring home

nebulizer

Recurrent
aspiration
pneumonias,
manyadmissions
to the pediatric
intensive care
unit for

ventilation

Frequent
respiratory
illnesses,
aspiration
pneumonia,
clubbing of finger

nails

Abbreviations: PB-phenobarbital; CLdenazepam; PHPphenytoin; VPA-valproic acid;

LEV-levetiracetam; TPMopiramate; ZNSzonisamide; LO&acosamide; CBZ

carbamazepine; OX0xcarbazepine; STMulthiame; LTGlamotrigine; CLBclobazam;
RUF-rufinamide; CBDcannabidiol; FAfolinic acid; B6pyridoxine; P5P-pyridoxal-5-

phosphate; KEketogenic diet; PPVpositive pressureentilation; ISinfantile spasms
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