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Abstract SCNI1A mutations are found in up to 80 % of
patients with Dravet syndrome (DS), and the sudden
unexpected death in epilepsy (SUDEP) rate is higher in DS
than in most forms of severe epilepsy. The aim of this study
is to examine the autonomic cardiac function and the risk of
arrhythmia in DS patients by evaluating QT and P wave
dispersion and heart rate variability (HRV) using standard
electrocardiography (ECG) and 24-h ECG. The study group
consisted of 15 patients (9 boys and 6 girls aged
3.5-17 years) who were genetically diagnosed with DS.
The control group comprised 20 healthy subjects, 13 boys
and 7 girls aged 4-17 years. P wave dispersion
(44.6 £+ 3.5 ms), QT dispersion (58.8 £ 7.5 ms) and QTc
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dispersion (70.8 £ 7.4 ms) were significantly higher in DS
patients as compared to the control group (p < 0.001 for all
values). However, there was no significant difference in PR,
QT or QTc length between the groups. 24-h Holter ECG
showed that all HRV parameters were significantly lower in
patients with DS. The decreased HRV and increased P wave
and QT dispersion seen in DS patients are important signs
of autonomic dysfunction with increased adrenergic tone.
To determine whether autonomic dysfunction is correlated
with SUDEP in DS, long-term electrocardiographic moni-
toring and wider prospective studies are necessary.

Keywords Dravet syndrome - QT dispersion - P wave
dispersion - Heart rate variability - Sudden unexpected
death in epilepsy

Introduction

Dravet syndrome (DS) is a severe epileptic encephalopathy
that occurs in the first year of life in previously normal
infants [1]. SCN1A mutations are found in up to 80 % of
patients with DS, and the sudden unexpected death in
epilepsy (SUDEP) rate is higher in DS than in most other
forms of severe epilepsy [1-3]. The underlying mecha-
nisms of SUDEP are still being debated [4, 5], and possible
pathomechanisms that have been suggested are cardiac
arrhythmia due to myocardial ischemia, arrhythmogenic
drugs, electrolyte disturbances, transmission of epileptic
activity to the heart via the autonomic nervous system, and
central or obstructive apnea [6].

Because an increasing number of epileptic syndromes
are being attributed to ion channel mutations, recent
reports have speculated on a pathogenic link between
neuronal and cardiac channelopathies that could also
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explain the high incidence of SUDEP [5, 7, 8]. This
theory is further supported by the fact that particularly in
animal model studies, products of SCN1A, the neuronal
gene responsible for DS in the majority of patients, are
also found in the heart and play an important role in
sinoatrial node activity [9]. In a study by Delogu et al. [7],
DS patients were found to have HRV abnormalities,
pointing to a link between cardiac autonomic dysfunction
and SUDEP.

Cardiac autonomic dysfunction has been shown to be
associated with life-threatening ventricular arrhythmias
and is a known risk factor for sudden cardiac death in
several cardiac diseases. HRV is an indicator of sympa-
thetic/parasympathetic cardiac autonomic balance, and
measuring HRV using Holter ECG is an effective way to
evaluate the autonomic nervous system [7, 10]. Decreased
HRYV values indicate an increased adrenergic tone. In
addition to HRV, evaluating QT and P wave dispersion
using 12-lead ECG can also be useful in establishing
autonomic dysfunction and the risk of arrhythmia.
Increased QT dispersion has also been linked to ventricular
dysrhythmias that can lead to sudden death [10-13].
However, to the best of our knowledge, P wave and QT
dispersion has not been studied in the context of Dravet
syndrome.

In this study, we set out to determine whether patients
with DS show abnormalities in electrical characteristics of
cardiac function (by measuring QT length and dispersion),
as well as to study the effect of autonomic nervous activity
on sinus node function (by measuring HRV and P wave
dispersion).

Patients and methods
Study population

The study group consisted of 15 patients (9 boys and 6 girls
aged 3.5-17 years; mean age 8.2 £ 4 years) who were
diagnosed with DS (SCN1A gene mutation demonstrated
in all patients) at the Pediatric Neurology Department of
the Istanbul Medical Faculty. The control group consisted
of 20 healthy subjects (13 boys and 7 girls aged
4-17 years; mean age 8.1 &£ 3 years). Written consent was
obtained from all participant families and the study was
carried out in compliance with the Helsinki Declaration
standards.

The majority of patients receiving antiepileptic drugs
(AED) were taking valproic acid, clobazam and/or topira-
mate. Most patients were on multiple AED therapy, and
one patient was also taking levetiracetam. None of the
patients were taking drugs like lamotrigine or carbamaze-
pine that could affect the ECG results.
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Cardiac evaluation

All patients and control subjects underwent a standard
12-lead ECG and a 24-h ambulatory Holter ECG, as well as
M-mode, 2D and color Dopper echocardiography to elim-
inate any structural heart disease that could affect the ECG.
Ventricular systolic and diastolic function was shown to be
normal in all patients and control subjects.

All electrocardiograms were evaluated for rhythm, rate,
QRS axis, PR, QRS, and QT and RR intervals, as well as
ventricular hypertrophy and repolarization abnormality.
The obtained values were compared with normal values
according to age [14]. The QT interval was measured on
the standard 12-lead ECG, and the corrected QT interval
(QTc) was calculated using the Bazzett formula [QTc = QT
\/ (R-R)]. QT dispersion was calculated as the difference
between the longest and the shortest QT interval; QTc
dispersion was calculated in the same manner. P wave
duration was measured over three consecutive cardiac
cycles for each lead, and the average of these values was
used for analysis. The P maximum was defined as the
longest duration among the 12 leads, and the P minimum
was defined as the shortest duration. P wave dispersion was
calculated as the difference between the maximum and the
minimum P wave durations [11].

Heart rate variability was assessed based on Holter ECG
recordings. Both time-domain parameters (RR interval,
SDNN, SDANN and SDNN index) and frequency-domain
parameters (HF and LF amplitude) were obtained. All
measurements were performed in accordance with stan-
dards established by the Task Force of the European
Society of Cardiology and the North American Society of
Pacing and Electrophysiology [15].

Statistical analysis

Statistical analysis was performed using the Statistical
Package for Social Sciences (SPSS, Chicago, IL, USA),
version 13.0 for Windows. Descriptive statistics was used
and all data were expressed as mean & SD and percentage
ratio. Quantitative values were compared using the Mann—
Whitney U test and qualitative values were compared using
the Chi-square test. The difference was considered to be
significant if the p value was below 0.05.

Results

The demographic and clinical characteristics of the patients
and control subjects are presented in Table 1. No signifi-
cant difference was found between the groups in terms of
age, sex, height, weight, body mass index, systolic and
diastolic blood pressures, or heart rate parameters.
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g?r?ilceallcl?a ?:;?eg;;:g};coafngle DS group (n = 15) Control group (n = 20) p value
subjects Female/male 6/9 /13 0518
Age (years) 82 +£45 8.1+£32 0.633
Height (cm) 124.5 £ 21.5 126.3 £ 17.6 0.438
Weight (kg) 30.7 £ 14.7 324 £ 109 0.314
BMI (kg/m?) 18.8 + 2.47 19.7 + 3.06 0.542
DS Dravet syndrome, BMI body Heart rate (beat/min) 103 £+ 12 98 £ 15 0.283
mass index, SBP systolic blood SBP (mmHg) 108.2 £ 7.9 107.6 £ 6.2 0.780
pressure, DBP diastolic blood DBP (mmHg) 65.6 + 5.3 674+ 7.6 0.661
pressure
g}l:eéﬂg ongpaClr];s;(;r:lof RR, Parameters (mean £+ SD) DS group (n = 15) Control group (n = 20) p value
measurements of P wave in DS p_p interval (ms) 596 + 69 619 + 80 0.283
patients and control subjects .
P maximum (ms) 86 £ 5 85+£5 0.633
P minimum (ms) 42 + 2 54 £6 <0.001
P dispersion (ms) 44.6 £ 3.5 31.1 £ 6.7 <0.001
QT (ms) 340 £ 10 342 + 14 0.934
QTc (ms) 401 + 10 400 + 15 0.831
QT dispersion (ms) 588 £ 7.5 33.2 £ 10.2 <0.001
QTec dispersion (ms) 70.8 + 7.4 447 + 11.4 <0.001

Upon evaluation of the electrocardiograms of patients
and control subjects, no abnormality was detected in terms
of rhythm, rate, QRS axis, PR and QRS intervals, q, R and
S voltage in the precordial leads, and ST and T waves. The
PR interval, P wave parameters, QTc length, QT dispersion
and QTc dispersion in both groups are shown in Table 2.
The maximum duration of P wave, RR interval, and QT
and QTc values were similar in the two groups (p > 0.05).
In contrast, patients with DS had significantly higher P
wave, QT and QTc dispersion than the control group
(p < 0.001 for all parameters). Additionally, the minimum
P wave duration was significantly shorter in DS patients
(p < 0.001). 24-hour Holter electrocardiograms showed
that all HRV parameters were significantly lower in DS
patients than in control subjects (Table 3).

Discussion

Electrocardiographic features and cardiac autonomic
functions in patients with Dravet syndrome are evaluated in
this study and the most important results obtained are as
follows: all HRV parameters were significantly lower in
DS patients and these patients had significantly higher P
wave, QT and QTc dispersions.

Compared to the general population, epilepsy patients
are more prone to premature death, with sudden unex-
pected death in epilepsy being the most common cause of

Table 3 Results of heart rate variability (HRV) parameters in DS
patients and control subjects

Parameters DS group Control group p value
(mean *+ SD) (n = 15) (n = 20)

NN (ms) 615 + 36 633 £+ 49 0.214
SDNN (ms) 97 +£9 134 + 14 <0.001
SDNN index (ms) 49 + 23 71 £ 13 <0.001
SDANN (ms) 84 £ 7 120 + 8 <0.001
RMSDD (ms) 35+ 10 44 £ 13 0.039
pNNS50 (%) 18+ 4 26 £ 10 0.005
LF amplitude 2477 £22 362 £ 3.5 <0.001
HF amplitude 253 £27 358 £ 39 <0.001
LF/HF ratio 1.01 £ 0.09 1.01 £ 0.08 0.755

NN the average of R-R intervals, SDNN the standard deviation of all
normal R-R intervals in the 24-h electrocardiogram (ECG) recording,
SDNNi the mean of the standard deviation of all R—R intervals for all
5-min segments of the 24-h ECG recording, SDANN the standard
deviation of the mean of R-R intervals in all 5-min segments of the
24-h ECG recording, RMSSD the square root of the mean of the sum
of the squares of differences between adjacent RR intervals, PNN50
the proportion of adjacent R-R intervals that differ by more than
50 ms in the 24-h recording, LF low frequency (0.04-0.15 Hz), HF
high frequency (0.15-0.40 Hz)

seizure-related mortality in refractory epilepsy [4]. SUDEP
is known to be an issue in Dravet syndrome patients as well,
and the incidence of SUDEP in the pediatric population is
probably higher in DS than in other epilepsies [1, 3, 7].
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Several high risk factors for SUDEP have recently been
proposed after a critical review of medical literature [16]:
young age, the male sex, early onset of seizures, general-
ized tonic—clonic seizures and being bedridden. However,
these risk factors are debatable in the context of pediatric
studies, where the epilepsy syndrome seems to be the most
reliable factor. The highest risk of SUDEP in the pediatric
population is associated with infants who have DS-related
generalized tonic—clonic seizures and adolescents with
idiopathic generalized epilepsy [17]. Sakauchi et al. [3]
analyzed 59 death cases out of 623 Dravet syndrome cases
(disease-related mortality was 10.1 %), finding that the
cause of death in 53 % of cases was SUDEP and that there
were no other prognostic factors related to SUDEP besides
age (1-3 years, especially).

The underlying mechanisms of SUDEP are still unclear,
although both respiratory and cardiac systems are thought
to be involved [4, 7]. In a recent review, Nashef et al. [5]
suggested that some of the deaths may be due to cardiac
arrhythmias. Especially in the recent years, the discovery
that some epileptic syndromes previously diagnosed as
idiopathic or cryptogenic are linked to sodium and potas-
sium ion channel mutations brings to mind the possible
association between sudden death syndromes related to
cardiac ion channel disease and epilepsy-related deaths.
The so far known SCNS5 mutations that can lead to sudden
cardiac death (long QT-3 and Brugada syndrome) and
other arrhythmogenic diseases have not been shown to
have a pathogenic connection with epileptic seizures [5, 7].
However, a study published in 2009 in which approxi-
mately half of the patients clinically and genetically diag-
nosed with long QT2 syndrome had seizures brought the
discussion of this connectoin back to agenda [18].

While SCNI1A is primarily a neuronal gene, several
animal studies have found that Navl.l, a product of
SCNIA, is present in various regions of the heart in rats,
mice, rabbit neonates and dogs [19]. For instance, Maier
et al. [9] showed that the correct functioning of these
channels is necessary for normal sinoatrial node activity
and consequently for normal heart rate and HRV control in
the mouse heart.

The study by Delogu et al. [7] is the only study that
clinically evaluates autonomic dysfunction and sinoatrial
node activity in DS patients. In this study, 20 DS patients
are compared with other epilepsy patients and healthy
control subjects and are shown to have lower HRV, which
can reportedly create risk of tachyarrhythmia. No differ-
ence in QT and QTc length between groups was found in
this study, and QT dispersion was not analyzed [7].

It is well known that increased QT and P wave disper-
sion can be a sign of autonomic dysfunction and that these
two conditions can create risk of atrial and ventricular
dysrhythmias [12, 20, 21]. QT dispersion is the difference
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between the longest and the shortest QT intervals within a
12-lead ECG, and it is helpful for the non-invasive
assessment of the heterogeneity of repolarization within the
ventricular myocardium [25, 26]. The larger the QTd, the
higher is the risk of reentry arrhythmias, and it is not age or
gender dependent [26, 27]. In apparently healthy popula-
tions, QTd > 50 ms is considered abnormal [27], indicat-
ing an increased risk of arrhythmia and sudden death in
various disease states including cardiomyopathies, mitral
valve prolapse, ischemic heart disease, long QT syndromes
and renal failure [12, 13]. Pathologic QT dispersion also
seems to predict arrhythmias (mainly premature atrial and
ventricular contractions) with electroconvulsive therapy
[28]. Therefore, seizure activity in the presence of patho-
logic QT dispersion could favor the onset of cardiac
arrhythmia. P wave dispersion is a measure of heteroge-
neity in atrial refractoriness and its prolongation shows
intraatrial and interatrial non-uniform conduction [11, 20,
22]. In diabetic patients with autonomic neuropathy and in
patients with increased sympathetic tone, prolongation of P
wave dispersion is considered an indicator of autonomic
dysfunction [11, 22, 29]. To summarize, autonomic dys-
function-related increased sympathetic activity can lead to
an increase in QT and P wave dispersion, as it leads to
decreased HRV on Holter ECG [11, 23, 24].

As is well known, SCN1A mutations are found in up to
80 % of patients with DS, and the SUDEDP risk is higher in
DS than in most other forms of severe epilepsy [1-3]. In
our study, 15 DS patients who all had SCN1A mutation
were found to have lower HRV parameters as compared to
the control group. We considered this anomaly, which can
develop due to excessive sympathetic activity, to be a
possible sign of autonomic dysfunction. Further, we found
no difference in QT and QTc length between the study
group and the control group, while QT and QTc dispersion
was increased in the study group. Therefore, it would be
reasonable to speculate that SCN1A mutation in DS
patients may be linked to subclinical autonomic dysfunc-
tion, which can be explained by disruption of cardiac sin-
oatrial activity or the regulatory center in the brain stem.
However, some anti-epileptic drugs can lead to electro-
cardiographic abnormalities and arrhythmias [5, 13].
Among the antiepileptics, carbamazepine is the drug that is
most frequently accused of heart blocks at high doses, but
direct relation between carbamazepine and SUDEP was not
demonstrated in large studies [3—5]. None of the patients in
our study was using carbamazepine. Considering the small
number of patients in the study, determining the rare
effects of the other antiepileptic drugs on rhythm abnor-
malities has not been possible.

Characteristics of the seizures and the age of the patients
are among the most important parameters in SUDEP
related to epileptic conditions. In patients with refractory
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generalized tonic—clonic seizures and in younger patients
with status epilepticus associated with acute encephalopa-
thy, high mortality rate has been demonstrated [3, 30]. On
the other hand, sudden death in the majority of DS patients
has been reported in febrile children in the early morning
[3]. Similar deaths in Brugada syndrome, a cardiac sodium
channelopathy, points to SCNIA mutation-associated
pathogenesis [31].

One of the most important limitations of our study is the
small number of patients. On the other hand, ventricular
repolarization abnormalities and increased QT dispersion
in refractory epileptic patients had been reported in adult-
based studies conducted in recent years [26, 32]. The
results of these studies suggest that our findings may not be
specific. For this reason, follow-up studies are necessary to
assess whether the cardiac autonomic imbalance found in
DS patients is connected with the increased rate of SUDEP
in DS, which may confirm the possible arrhythmogenic
cause of death in a portion of DS patients.

Conclusion

The decreased HRV and increased P wave and QT dis-
persion in DS patients are important signs of autonomic
dysfunction with increased adrenergic tone. In order to
determine whether autonomic dysfunction is correlated
with SUDEP in DS, long-term electrocardiographic moni-
toring and wider prospective studies are necessary.
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