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Summary

Objective Sudden unexpected death in epilepsy (SUDEP) is a tragic and devastating event for
which thesunderlying pathophysiology remains poorly understibéxistudy investigated

whether abnormalities in heart rat@riability (HRV) are linked to SUDEP in patients with
epilepsy due to mutations in sodium channel (SCN) genes.
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Methods We retrospectively evaluatdHRV in epilepsy patients using EEG studies, in order to
study the potential contribution of autonomic dysregulation to SUDEP risk. We exgtidBl
data, in wakefulness and sleep, from 80 patients with drsigtant epilepsy; 40 patients with
mutations_in SCN genes, and 40 control patients withS1ON-drugresistant epilepsy. From

the SCN group, 10 patients had died of SUDEP. We compared HRV between SUDEP and non-
SUDEP greups; specifically studying awake HRV and sleep:awake HRYV ratios.
ResultsThe"SUDEP patients had the most severe autonomic dysregulation, showing lower
awake HRV"and either extremely highlow ratios of sleefo-awake HRVin a subgroup
analysis. (A secondary analysis comparing the SCN and non-SCN groups indicated that
autonomic.dystunction was slightly worse in the SCN epilepsy group.

SignficanceThese findings suggest that autonomic dysfunctiasseciated witliSUDEP risk

in patients withepilepsy due to sodium channel mutations. The relationstipMVofo SUDEP
merits further study1RV may eventually have potentiak abiomarker of SUDEPisk, which
would allow for more informed counseling of patients and families, and alsoaseavaseful
outcome measure for research aimed at developing therapies and intervengdnsedcSUDEP

risk.

Key WordsSudden death, SCN1A, Dravet syndrome, autonomic, sodium channel, sleep
Introduction

Sudden unexpected death in epilepsy (SUDEP) is a rare but tragic phenpdefimad as'...
death in peoplé with epilepsy occurring in the absence of a known structural cause of death ...”
The frequeney of SUDEP i%.2 per 1000 patieryearsin people with epilepsyverall those
with drugtesistantepilepsy haveincreased risk, ¢isnated at4.2 per 1000 patienyears™™
Patients_at particularllgigh riskarethosewith developmental anelpileptic encephalopathiesie

to sodium=echanne(SCN) genemutations. The most common of these is Dravet syndrome,
occurring with«SCN1Amutations in> 80% of case§ with a SUDEP rateof 9.32 per 1000
patientyears! Variants in other SCN genes, includi@CN2A SCN4A SCN5A SCN8SA
SCN10AandSEN11Ahave also beeassociated with SUDER human and animal modéis!

SUDEP r1sk factors have been identified, includiagnajorassociation withuncontrolled tonie

clonic seizuresas well agnedication noncompliance, male sepjlepsyonset before 16 years
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and duration of epilepsy greater than 15 years Despite recognition of these risk factors,
counseling patients precisely regarding SUDEP risk is challenging, with a mesgew by
Devinsky et al stating “Seizures and SUDEP are probabilistic events that can nottzgehc
predicted’®> Thereis a desperate need for biomarkers to identify patients at greatest risk so that
prevention_strategies can be devised and put in place. Currently no quanbi@tnagkersof
SUDEP riskexist though one attractive candidate is heart rate variability (HRV).

HRV is an index of autonomic activity, ithh increasedHRV reflecting dominance of
parasympathetiover sympatheti@ctivity, whereas, decreasddRV suggests a shift towards
sympathetic'dominancé. HRV increases in sleep and decreases in wakefullasser HRV
was originally"'shown to be predictive of mortality in cardiac and elderly populdfidtendhas
more recently becometapic of interest in epilepsylnterictalHRYV is lower in individuals with
epilepsy including those who are newly diagnosed and drug rai¥eHowever, the pattern of
dysregulation_is not as simple as a uniform decreasesssleep and wakefulnesa. recent
study foundthat people withgeneralizedepilepsy had enhanced increaseHRYV, reflecting
parasympathetic tonen sleepcompared to healthy contrdis Unfortunately, the data on
sleep:wake HRV differences are limited, primarily because many studies have evalRated H
using cardiac monitoring devices such as Holter monitors which do not allow foiretast

between sleep and awake states

Interrogating-sleepvake differences in HRV may be crucial aganomic dysregulatiomas
beenproposed.as a factor in SUDEPAIthough decreased awake HRV has been shown to
correlaté"with"other SUDEP risk factdfsa direct linkbetween HRV and SUDERas notyet

been demonstratéd. Epilepsy patients rarely have Holter studies or other prolonged cardiac
monitoring, so._retrospective heart rate datarareusuallyavailable for individuals suffering
SUDER. We hypothesized that awake HRV would be lower, and sleep:awake HRV ratios
highe, in patients with SCN mutations who go on to suffer SUDBR also hypothesized that
awake HRV would be lower, and sleep:awake HRV higher in patients withr&i@ted epilepsy

when compared to those with drugsistant epilepsy due to other causes,esaprior study had
suggested HRV derangements were more severe in Dravet syndrome than in other epilepsy
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phenotyped! To test these hypothesase extractedheart rate data from EEG recordingfs
patients with drugesistant epilepsyallowing us to investigae whetherlower HRV in
wakefulness and sleepivake HRV differencescould bepredictive of SUDERisk in certain
patients withepilepsy

Methods

We analysedroutine and prolonged telemetiyEG studiesof patients withdrug+esistant
epilepsyand SCN mutationsanda control group of agmatched patients with neé®CN drug
resistant epilepsy. Inclusion criteria for the SCN epilepsy group were: mutation in a sodium
channel gene ‘associated with epile@syd an EEGwith at least 5 minutes of recording in
wakefulness and/or sleep without seizures and with an interpretable ECG |eadiateri The
nonSCN group had the same inclusion criteria, excepting the SCN mutation, and included
patientswithweither a clear negeneic cause for epilepsy (e.g. perinatal brain injury), a-non
SCN genetie=cause (e.@@EPDC5 mutation), and/or negative screening for a gene panel
including /major SCN genesSCN1A SCN1B SCN2A SCNB8A SCN9A. Classification of
SUDEP followed the Nasheft d (2012) criteria and was based on available clinical data and
the posimortem report, if performed. We excluded any patients known to have cardiac
diseasefarrhythmias or who were known to be receivingletkersor other antiarrhythmic

agents.

Consecutive RR intervals were manually measured using EEG software caliper tools and
recorded for‘a fiveninute period in the awake state, as well as arfiveute period irstage 1/2
sleep if available. Whenever possible, a time period in wakefulnessheaen when the patient
was resting quietly and not eating, with no seizure in the previous 10 mwittesprroborative
video beingravailable in most casdta patient had a major convulsive event (i.e. a tatonic

or tonic seizure) during the EEG, we endeavoured to findrénbite period at least-2 hours
removed.for HRV evaluation. Time period selection and data collection wasrped by the

same pediatriesneurologist (KAM) for all cases.
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HRV measuresvere calculatedising Microsoft Excel The primary outcome measure was root
mean square of successive differend®glSSD) a time domain HRV measure calculated as the

square root of the average of the squared differences between succeRsineeRals over a

period of-fime &/ﬁ ENH(R — R)i41 — (R — R);}? whereN is the number of FR intervals in
the period of analysis).RMSSD was chosen as the primary outcome measure because this
variable,gives.a good measure of bieabeat variability and should be sensitive to even subtle
variations,ingautonomic balance.Secondary HRV outcome measures were the standard
deviation of RR intervals over the period of tinf8DNN), and the percentage of consecutive R

R intervals differing by more than 50 millisecon@s\NN50) For patients for whom a five
minute sleep interval was available, the ratio of sleep to wakefulness for each HRV variable was

calculated.

We used ondailed Wilcoxon ranked sums test for comparisons evaluating whetleeHRY

was lowerin thase who had SUDE®Rhen compared tchbse who were alive at last review or

died of ether.causgas well as for comparisons aake HRV measuresetween the SCN and
nonSCN groups (including SUDEP cases) Two-tailed Wilcoxon tests were used for
comparisons of sleep:wake HRYV ratios, as there was less confidence in the hypothesis that this
would be higher in SUDEP versus RSWDEP and SCN versus n@CN comparisonsIwo-

tailed tests weralsoused forsleep HRV measuresage and NN. We did not remove outliers in

our primary analysis, but did incorporate Tukey’'s%eist assess the effect of removing outliers

in a secondary.analysis.

Since sleepawake HRV ratios appeared to be either extremely high or extremely low, we
performed a“post hoc analysis comparing deviation from the maap =(|x, — x|) between
the SUDEP and non-SUDEP groups.

The study was approved by the University of Calgary Conjoint Health Research Ethics

Board (ID REB160218) and the Human Research Ethics Committee of Austin Health
(Project No. H2007/02961).
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Results

Characteristicof Epilepsy Patients Studied

40 patients (27sfemales) with SCN mutations participaagdd 15 months to 38 yearaddian
age7.3 y)at the time of their combined EEEBCG recording This included38 with SCN1A
mutations-and Dravet syndrome, and one each 8@hN2Aand SCN8Amutations (both with
early infantile developmental and epileptic encephalopathy). We also rectlitegematched
control patients with ne®CN drugresistant epilepsythis group was comsed ofpatients who
either had a clear negenetic cause for epilepsy (e.g. perinatal brain injury), a3@N genetic
cause (e.gPEPDC5mutation), and/or negative screening for a gene panel including major SCN
genes $CNIASCN1B SCN2A SCN8A SCN9A. Based on the most ttp-date information in

the research file, none of the non-SCN patients had died of SUDEP.

From the SCN=epilepsy groufen patientswere classified aSUDEP (Table ). Based on the

2012 conSensus definitionsfour patients had definite SUDERMive probable SUDEP and
another possible SUDEPThe interval betweethe EEG studied andhe patient'sdeath ranged

from three weeks to 10 yeaimedian 2.5 y, standard deviation 4)0 yhe “possible SUDEP”
casewas a.2imonth-old girl who slept between her parents; she appeared well at 1 am and was
dead at 3 anter postmortem showed pneumonia which was considered a competing cause of

death however;:the index of suspicion for SUDEP was very high.

Comparing HRV betwee®UDEPandnonSUDEPEpilepsy Patients

Awake RMSSD was lower in the group of SCN epilepsy patients who suffered SUD&P w
compared to the neBUDEP patients, with median RMSSD of SUDEP patients being half of
that of the nofSUDEP group (2.0 ms versus24.6 ms, p = 0.89; Table2). One of the
secondary HRV measurgs\NN50, was also lower in the SUDEP group (p = 0.018), while the

other, SDNN, trended lower but did not meet statistical significance (p = 0.07).
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When examined on a patieoy-patient basis, however, we noted that whaight SUDEP
patientshad very lowawake HRV valuespne 11lyearold boy hadunusually high valuesanda
38-yearold woman (the oldest patieptintermediate values If the latter two patients are
removed from the analysis as outliers, based on being more than 1.5 interquartile cangles fr
meary’ thedifference in awake RMSSD between SUDEP and-S0BDEP becomes even more
dramatic (median 9.1 meersus 24.6 ms, p = 1.8 x 30 With outliers removed, awake pNN50
and SDNN"are’ also both clearly lowier the SUDEP grougp = 8.3 x 10 and 6.5 x 16,

respectively):

The sleep:awake ratio of HRV could be evaluatedivie individualsfrom the SUDEP group

who had at leastfive minutes of sleep recorded. Three had very sigepavake RMSSD

ratios, with"two having ratiogar higherthan any in the nofSUDEP group. Theother two
patiens had very low sleep:awakHRYV ratios, actually showinglight decreasein HRV in

sleep and equivalent to the lower end of the {8IWDEP patient§Figure 1A). In order to study

this apparent_tendency towards extremes, we compared difference from the(Amgan

|x, — x[)-and found that the SUDEP group tended to deviate by a much greater degree (p = 5.3 X
10%* Figure.iB).

For all these data, it should be notkdt the living SCN patients may still have SUDEP at a later
date.

SCN versus NeBCN Epilepsy

Next, wescompared all patients with SCN mutati¢insluding those suffering SUDERYith
non-SCN drug+esistantepilepsy patients. Awake HRV measures were lower in the SCN group
compared with_ th@on-SCN epilepsy group (p < 0.05, Tab®); the primary outome measure,
(RMSSD), was 19% lower in the SCN epilepsy group. The secondary awake HRV measures,
(SDNN) and (pNN50), were 26% and 40% lower in the SCN group, respectively. In addition,
non-significant trends were also observed for lower sleep HRV agmteyrsleep:awake ratios in

the SCN grouphowever, larger cohort sizese needed tdetermine ifthese aremeaningful

trends.
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We plotted age against awake RMSSD for both groups to investigate whether awakaritikV
with age there was no significantorrelation between age and HRV in either group, with r

values of.0:03.and 0.06 for SCN and r&@N epilepsy, respective(supplementary Figure).

Discussion

We present evidence thatdividuals who have died of SUDEP associated with SCN mutations
have moresevereautonomic dysregulatiotihhan individuals withdrug+esistantepilepsy without
SUDER Analysing HRV we found thatawake HRV was lower, andsleepawakeHRYV ratio
outside of‘the“normal ranga those whdater suffered SUDEP. Our findings emphasise the
importance of‘considering arousal state when interpreting HRV data, anhasbas only been
looked at/previously in a cohort with generalized epilépghis hasimportant implications for

our understanding of the pathophysiology of SUDER well asthe clinical management of
patients withdrugresistantepilepsy. We note, however, that in a retrospective study such as
this, certain“biases are inevitable, and these should be taken intotasbemnevaluating the
data; due to.study design, complete observer blinding was not possible.

SUDEP Rathophysiology

The mechanism by which autonomic dysfunction increases SUDEP risk remains.ulear
data showwawdirecassociationbetween interictal HRV and SUDEFowever, a second
autonomiewpathologicathit” may be necessary for death to occuifhere have been two
published cases of sudden death in patients with seimwdsch HRV analysisn theacutepre-
morbid periodwvas windertakerin the setting of vide@EG monitoring An adult male with focal
cortical dysplasia showed progressive increase in HRV in the loarslaysbhefore SUDEP
following.a facal seizure evolving to generalized convuldfbiThe second case wagyal with

a chromosomal disorder afebrile seizures wheuffered sudden death witltoa clear inciting
ictal evenf* Her baseline HRV waabnormallylow (RMSSD6-8 ms) butrose suddenlgight
minutes prior to death, immediately following onset of diffuse EEG suppression. hnthet
patients demonstrated altered HRV leading up to death, with a soddealy-mediatedevent
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associated withthe terminal deterioration.There is also a report of a patient who showed
progressive decrease in HRV in the months leading QUJIOER though only three data points

were available so interpretation was diffictilt

If a second hit is needed to trigger SUDEP in vulnerable individuals, seizereslagical

culprit, since-most c@s of SUDEP occur pestally.?®?’ Peri-ictal changes itHRV have been
extensivelystudied and partialldepend on seizure type. In general, HRV decreases during the
ictal phaségradually returning to baseline in the pagal period®®® However, a patient who
aspirates during a seizure might also have a sudden increase in HRV when vagal tone increases
during the act_of coughing or choking. One possibility is that people with epilepseaec:
autonomic dysfunctionare closer to intolerableextremes of both parasympathetic and
sympathetic ton@rigure 2). An inciting event such as a seizarevagal eventcould push such

individuals into gatal autonomic deterioration.

Our ddawsheuld be interpreted with caution, however. Given the deatie collected
retrospectively;swe could not control for confounding factors which might also indudRy/.

Such factors™include arngipileptic medications, seizure frequency, andmuobid medical
conditions, Additionally, not all of the not8CN groupwere sequenced for all SCN genes, so it

is theoretically possible that a patient with pwatimatic epilepsy could also haveSEN1A
variant. We also note that the time intervals between HRV measurement and SUDEP varied

considerably;.fer some individuals, HRV might have changed by the time of their death.

Differences Between SCN and Ne@N Epilepsy

We studied patients with epilepsy due to SCN mutatimausdigh rates of SUDEP have been
reportedinuthese populations® While SUDEP has not been studied, mtedy foundthat
HRV, measured orR4-hour Holter monitorswas lower inpatientswith Dravet syndrome
compared to people with epilepagd healthy childreft Because of the methodology used, this

study was not able to evaluate sleep:awake differences.
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In our study the SCN grouphad lower awakeHRYV values For sleep HRV andleep:awake

HRV ratio,we did not find significant differences between the SCN and3@N drug+esistant
epilepsy=groups. The differencesbetween the SCN and n@CN groups are important in
considering how broadlthesefindings can be extrapolatefbr example, we do not know if all
genetic etiologies carry a similar SUDEP riskhe same patterns of altered HR)y be present

in nonSCN drug-esistantepilepsy patients who suffer SUDEP; howeMerther studies are
required toelarify this. A smaller scale study of adults with various forms of epilepsy, did not
find a differenee in HRV when comparing SUDEP and-8&/DEP casesuggesting our results

may not extrapolate well to adult, neBCN populationd® When autonomic dysfunction is
present in_ notSCN patients who suffer SUDEP, other factors, such as insular damage, may

contribute_in less predictable ways.

Future Directions

There may=beclinical management implicationom the correlation ofaltered HRV with
SUDER though' further study is required. Following establishment of normal and abnormal
ranges HRV measurement coulgotentially be incorporated into standard EEG protocols and
used as &UDEP riskindex This would greatly enhanadinicians’ abilitiesto counsel piéents

and families_regarding the possibility GUDEP and highlight specific interventions or

precautionge.qg. internal or external defibrillator)at could be undertaken in high risk cases.

There are -alsdreatment implicationsf HRV proves a reliable SUDEP biomarker, as certain
therapiesnay have a beneficial effect on HR\Children with infantile spasms have low HRV at
the time of diagnosis, but thimproves following treatmerif>> As well, therapeutic application

of vagal'nerve stimulatio(VNS) is associated with a reduction in T wave alternans, a measure
of cardiac instability making VNS an attractive candidate to reduce SUDEP risk; howiéeer,
effectsof VNS on HRV havenot yet beerthoroughlystudied and a clear reduction in SUDEP
incidence pos¥NS implantation has not been sha#ii’ In the future clinicians may use

sequential HRV measurements to assess whether a patient's SUDEP chlaihgecbn a given
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treatment Changes in HR\tould bean additionalclinically relevant outcome measure when

assessing the efficacy of new therapies.
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Key Points

- Heart rate variability was studied in in 40 patients with epilepsy due to sodium channel
mutations and 40 with other druigsistant epilepsy.

- Awake heart rate variability was lower in patients vgitidium channel mutations who suffered
SUDEP;

- Awake heartrate variability was lower in epilepsy patients SCN mutations when compared to
those with'norSCN drugresistant epilepsy.

- Autonemic dysfunction is a likely contributing factor in SUDEP in patienth efiilepsy due

to SCN mutations.

- Heart rate variability has potential as a biomarker of SUDEP risk.
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Figure Legends
Figure 1. Subgroup analysis ofleep:awake ratios of HRV.A{ Ratio of RMSSD from sleep to
wakefulness.is=.shown for SUDEP and f®WDEP drugresistant epilepsy patients.B)(The

mean deviation from the average sleep:awake RMSSD fatig & |x; — x|).

Figure 2. Hypothetical model of autonomic “second hit” SUDEP mechanism. Diurnal variation

in HRVqis"based on data from this study, as well as previous stidie¥ HRYV is lower in
patients with epilepsyb(ueline) than healthy control®fangeline) during the waking hours and

then increases.well above the healthy control level at night time. This same pattern is seen in
patients who go on to have SUDER( line), but is more extreme. With a seizure in
wakefulness;“there is a further decrease in HRV, which may cause patidntiregtdy low

awake HRV to enter a pathologic zone of sympathetic hyperactivity. Conversely, if an aspiration
event occurs in sleep, the vagal response may elicit pathologically increased parasympathetic

tone in a patient with baseline elevated sleep HRY elevate them above the SUDEP threshold.
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Tables
Table 1 Sudden unexpected death in epilepsy (SUDEP) cases.
# | Sex |.Gene Age at| Age at| Autopsy SUDEP

Mutated | EEG (y) | Death (y) Classification*
1 (F SCN2A | 1.75 1.8 Pneumonia Possible SUDEP
2 |M SCN1A |13 16 Not performed | Probable SUDEP
3 |F SCN1A | 1.7 11.5 No other cause | Definite SUDEP
4 |F SCN1A |15 10.5 No other cause | Definite SUDEP
5 | M SCN1A |7 9 No other cause | Definite SUDEP
6 (M SCN1A | 20 28 Not performed | Probable SUDEP
7 |F SCN1A | 1.25 3.3 Not performed | Probable SUDEP
8 |M SCN1A |11 14 Not performed | Probable SUDEP
9 |F SCNI1A |3 3 Not performed | Probable SUDEP
10| F SCN1A |38 38 No other cause | Definite SUDEP

Table 2'HRV. in SUDEP versus neBUDEP patients. Comparison of HRV in 10 Sépilepsy
patients suffering SUDEP versus 70 f®dDEP patients who were alive at last review or had
died of other causes. Sleep data are from 5 SUDEP patients and 86/D&MR who had at least

5 minutes of sleep recorded during EEG.
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SUDEP Non-SUDEP | p value*
Awake — Median Age (S.D.) 5.3y (11.8) 8.5y (10.7) 0.33
Awake —Median NN (S.D.) 480 ms (206) | 586 ms (145) | 0.19
Awake —Median RMSSD (S.D.) 12.0 ms (31.6) | 24.6 ms (22.4)| 0.039
Awake —Median SDNN (S.D.) 24.9 ms (24.9) | 39.7 ms (23.3)| 0.070
Awake —Median-pNN50 (S.D.) 0 (18.6) 4.3 (14.1) 0.018
Sleep— Median Age (S.D.) 3.0y (15.7) 8.7y (10.9) 0.53
Sleep— Median NN (S.D.) 573 ms (217) | 717 ms (200) | 0.21
Sleep— Medianh RMSSD (S.D.) 86.7 ms (82.8) | 43.0 ms (61.2)| 0.97
Sleep— Median SDNN (S.D.) 74.8 ms (67.1) | 39.5 ms (44.4)| 0.97
Sleep— Median pNN50 (S.D.) 32.4 (23.1) 22.0(26.0) |0.98
Sleep:Wake-Median NN (S.D.) 1.26 (0.22) 1.21 (0.17) 0.51
Sleep:Wake—Median RMSSD (S.D.) | 4.5 (9.3) 1.6 (1.5) 0.49
Sleep:Wake—Median SDNN (S.D.) 3.2 (2.9) 1.1 (0.9) 0.57

* p value based on Wilcoxon ranked sum tdssifled forAwake RMSSD, SDNN and pNN50

2-sidedfor-allzother outcome measures). The primary outcome measure was awake RMSSD; all
other variablesrare secondary outcomes and corrections for multiple comparisons have not been

made. Abbreviations: NN = RR interval; RMSSD = root mean square of successive differences;

SDNN = standard deviation of-R intervals; pNN50 = percentage of consecutivk Ritervals

differing by more than 50 milliseconds; S.D. = standard deviation.
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Table 3 HRV'in SCN versus neBCN patients. Comparison of patients with SCN epileptic
Awake RMSSD, as well as the
secondary awake HRV measures, SDNN and pNN50, were lower in the SCN epilepsy group.

encephalopathies to other drrgpistant epilepsy cases.

SCN Epilepsy Other Drug-resistant | p

Epilepsy value*
Median Age (S.D.) 7.3y (11.4y) 8.6y (10.2y) 0.60
Awake —Median NN (S.D.) 569 ms (137 ms) | 586 ms (167 ms) 0.35
Sleep— Median NN (S.D.) 670 ms (166 ms) | 729 ms (228 ms) 0.21
Sleep:Awake Median NN (S.D) 1.23 (0.20) 1.22 (0.15) 0.82
Awake — Median RMSSD (S.D.) 15.5 ms (25.1 ms| 31.0 ms (22.0 ms) 0.048
Sleep—Median RMSSD (S.D.) 31.0 ms (65.1 ms| 62.4 ms (61.6 ms) 0.18
Sleep:Awake Median RMSSD (S.D.) | 1.6 (4.6) 1.6 (1.4) 0.74
Awake — Median SDNN (S.D.) 32.8 ms (21.4 ms| 43.9 ms (24.0 ms) 0.0083
Sleep— Median SDNN (S.D.) 35.0 ms (49.1 ms| 49.1 ms (44.4 ms) 0.30
Sleep:Awake Median SDNN (S.D.) 1.4 (1.6) 1.1 (0.8) 0.42
Awake — Median pNN50 (S.D.) 0.55 (14.1) 6.2 (14.9) 0.013
Sleep— Median pNN50 (S.D.) 8.9 (25.8) 35.1 (24.5) 0.12
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* p value based on-failed Wilcoxon ranked sum test, with the exception of awake RMSSD,
SDNN and pNN50, where-thiled Wilcoxon ranked sum tests were used based on hypothesis
that SCN epilepsy patients would have lower awake HRV thanrésigtant epilepsy controls.

The primary outcome measure was awake RMSSD; p values shown for other variablés do no
include correction for multiple tests. Abbreviations: NN sRRnterval; RMSSD = root mean
square of\successive differences; SDNN = standard deviation-RfimRervals; pNN50 =

percentage of R intervals > 50 milliseconds; S.D. = standard deviation.
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