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ABSTRACT – Aims. Differentiation between syncope secondary to epilep-
tic seizures and cardiac disease in patients displaying transient loss of
consciousness associated with convulsive movements is a diagnostic
challenge both for neurologists and cardiologists. In such patients,
prolonged video-EEG monitoring not only helps in identifying asystole
as the cause of syncope, but also in categorizing asystole as primarily
cardiac in origin (cardiac asystole) and secondary to epileptic seizures
(ictal asystole). We carried out this study to ascertain the prevalence of
asystole in an epilepsy monitoring unit, and to contrast the clinical and
electrophysiological characteristics between ictal asystole and cardiac
asystole.
Methods. Through a retrospective search, we identified patients who
were shown to have had asystole using a database of patients who
underwent prolonged video-EEG monitoring during a 68-month period.
We compared the data of 18 consecutive patients; five with ictal asystole
and 13 with cardiac asystole, with 121 and 64 events recorded from them,
respectively.
Results. Of the 10,096 patients who underwent prolonged video-EEG
monitoring during the study period, we identified 18 (0.17%) patients with
asystole. Cardiac asystole was 2.6 times more frequent than ictal asystole.
Older age at onset, heralding symptoms of presyncope, occurrence dur-
ing wakefulness, and brief duration of the events supported the diagnosis of
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cardiac asystole. Ictal asystole events were more protracted, and prolonged
asystole more frequently occurred in patients with extratemporal seizures
compared to temporal lobe seizures. Asystole occurred in only half of the
recorded seizures.
Conclusions. The accurate categorization of asystole as seizure-related or
heart disease-related has huge implications for management strategy and
outcome. The necessity of permanent pacemaker implantation is more fre-
quent and urgent in patients with cardiac asystole because of the greater
risk of sudden death. Hence, in patients with an ominous diagnosis of car-
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pileptic seizures are frequently associated with
hanges in heart rate, but clinically significant arrhyth-
ias are rare, and are often spotted as an incidental

nding during prolonged video-EEG monitoring (VEM)
van der Lende et al., 2016; Shmuely et al., 2017). In
ddition, arrhythmias observed during VEM may point
o a diagnosis of primary cardiac disease in patients
ho are otherwise assumed to have epilepsy. Among

he clinically significant arrhythmias noticed during
EM, the best characterized is asystole secondary to
pileptic seizure (ictal asystole [IA]) (Rocamora et al.,
003; Tényi et al., 2017). In epilepsy monitoring units
EMU), IA is encountered infrequently, in less than
.5% of patients (Rocamora et al., 2003; van der Lende
t al., 2016). In contrast, studies undertaken with long-
erm electrocardiographic (ECG) implantable loop
ecorders (ILR) in people with drug-resistant epilepsy
DRE), have reported a much greater prevalence of IA
Rugg-Gunn et al., 2004; Nei et al., 2012). Although IA
as assumed to typically occur in the context of drug-

esistant left temporal lobe epilepsy (van der Lende
t al., 2016; Tényi et al., 2017), the lateralizing and

ocalizing value of IA and its association with dura-
ion of epilepsy and drug resistance have recently
een doubted (Britton et al., 2006; Schuele et al., 2007;
guyen-Michel et al., 2014; Bestawros et al., 2015; Tényi
t al., 2017).
ransient loss of consciousness (TLOC) is a common
linical scenario in which the neurologist may come
cross in a patient with asystole. While TLOC in the set-
ing of primary cardiac asystole (CA) may be associated
ith convulsive movements (Zaidi et al., 2000; Petkar
t al., 2012), IA may display atonic falls (Ghearing et al.,
007; Schuele et al., 2007; Nguyen-Michel et al., 2014),
38

irecting to an erroneous diagnosis in either situation.
pidemiological studies have shown that people with
pilepsy have a higher prevalence of structural cardiac
isease than those without epilepsy (Shmuely et al.,
017). The neurologist’s opinion is sought to rule out
pilepsy even in those with a background history of
ardiac disease, as the initial cardiac evaluation may
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ugh cardiac evaluation should surpass neurological

ncope, epilepsy, ictal syncope, syncope, transient loss
DEP

e negative for arrhythmias. VEM offers a distinctive
dvantage in such clinical situations as both ECG and
EG are simultaneously monitored.

hile the available studies deliberate on IA, often tak-
ng CA as an exclusion criterion (Rocamora et al., 2003;
ritton et al., 2006; Schuele et al., 2007; Nguyen-Michel
t al., 2014; Bestawros et al., 2015; van der Lende et al.,
016; Tényi et al., 2017), comparative studies between
A and CA are scant. With this background, we under-
ook the present study to establish the clinical and
lectrophysiological profiles of patients with asystole
ncountered during prolonged VEM, and to contrast
etween IA and CA patients.

atients and methods

tudy setting

his study was conducted at the EMU of Amrita Insti-
ute of Medical Sciences, Kochi, Kerala, India. Patients
re referred to the EMU either for diagnostic purposes
to distinguish between epileptic and non-epileptic
aroxysmal events or for categorization of the seizure

ypes and epilepsy syndromes), or for presurgical eval-
ation. This retrospective study was approved by the

nstitutional Review Board with a waiver of consent.

tudy definitions

e defined prolonged VEM as continuous VEM for
ight hours or more. We defined asystole as R-R inter-
al in the ECG of more than three seconds (van der
ende et al., 2016; Tényi et al., 2017). The duration of
Epileptic Disord, Vol. 21, No. 4, August 2019

systole was calculated from the beginning of asys-
ole until the resumption of sinus beat. We defined
rolonged asystole as asystole lasting for more than
ix seconds (Bestawros et al., 2015), and very pro-
onged asystole as asystole lasting for more than 30
econds (Tényi et al., 2017). For the study purpose,
e grouped the patients into cardiac asystole (CA)
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those with asystole secondary to cardiac disease) and
ctal asystole (IA) (those with asystole secondary to
pileptic seizure). The EEG of IA patients was anal-
sed in three phases: pre-ictal, ictal and post-ictal. We
efined the pre- and post-ictal periods as 10 epochs
receding and 10 epochs after the termination of the

ctal EEG activity, respectively. The epochs, where the
-R interval could not be defined because of artefacts,
ere excluded from analysis. For CA patients, the onset
f asystole was taken as first detected change in base-

ine ECG rhythm in relation to cardiac asystole, and
or IA patients this was the first perceived EEG change
rom the baseline in relation to clinical seizure. Latency
f IA was computed as time lapse between EEG ictal
nset and ECG asystole onset (figure 1). Duration of

he seizure was considered as time duration between
ctal EEG onset and offset. We defined atonia as loss
f muscle tone leading onto head drop or collapse
hortly following the asystole. Drug resistant epilepsy
DRE) was defined according to recent ILAE definition
Kwan et al., 2010).

echnical considerations

EM was performed by using 32- or 40-channel digital
ideo-EEG systems (Nicvue Version 2.9.1, VIASYS
ealthcare and Natus Database Xltek Version 7.1.0)
ith scalp disc electrodes placed according to the

nternational 10/20 system. Additional anterior tempo-
al and sub-temporal electrodes were used regularly.
t least 18 channels of EEG and one channel of ECG
ere concurrently displayed. Patients who were on
EDs had their drugs decreased. The monitoring
as continued non-stop until a sufficient number of
vents was recorded.

tudy subjects and data collection

e retrospectively identified patients who were
eported to have had asystole from the database of
atients who underwent prolonged VEM during Jan-
ary, 2013 through August, 2018 (68 months). Utilizing
structured proforma, we collected the demographic

nd clinical characteristics of these patients. Their
nterictal EEG, event semiology, and ictal EEG were
eviewed by one of the epilepsy fellows (PM or MS)
nder the supervision of one of the consultant epilep-

ologists (SG or KR) involved in the study. Patients
pileptic Disord, Vol. 21, No. 4, August 2019

dentified as having CA were comprehensively eval-
ated by the consultant cardiologist (NM), who also
eviewed their continuous ECG recordings obtained
uring the VEM. We further categorized IA patients

nto temporal and extra-temporal seizure onset sub-
roups based on a consensus established following a
horough discussion of their history as well as VEM and
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Ictal versus cardiac asystole

euroimaging findings at the multidisciplinary patient
anagement conference.

tatistical analysis

e expressed the data dispersion as means, medians,
tandard deviations, and percentages. To assess the
tatistical significance of the difference between the
A and CA groups of patients, we carried out univari-
te analysis using the Pearson Chi-Square Test, Fisher’s
xact Test, and Mann-Whitney U Test, as appropriate.
e considered a p value of ≤0.05 as significant.

esults

haracteristics of the whole cohort

f the 10,096 patients who underwent prolonged
EM during the study period, we identified 18 (0.17%)
atients with asystole (10 males and eight females); age
anged from 16 to 86 years (median: 44.5 years). Five
atients (27.8%) had IA and the remaining 13 (72.2%)
ad CA.

haracteristics of patients with ictal asystole

he median age of five patients (two males and three
emales) with IA was 36 years, and the median age
t onset of their epilepsy was 18 years. All of them
ad DRE and underwent VEM as a part of presur-
ical evaluation and were on multiple AEDs. Except
ne, all of them were right-handed. During VEM, one
atient had secondary generalized seizures; the rest
nly had focal seizures. Three out of five patients (60%)
ith IA had seizure onset from the left hemisphere.
n MRI-identified epileptogenic lesion was detected

n three IA patients (focal gliosis in the left parietal
obe, bilateral parieto-occipital gliosis, and focal cor-
ical dysplasia in the left postcentral gyrus, in each
atient, respectively). Two patients had mesial tem-
oral lobe onset of seizures, while three patients had
xtra-temporal onset of their seizures (two parietal and
ne occipital). None of the patients with IA had a pre-
xisting cardiac disease. The characteristics of individ-
al IA patients are detailed in supplementary table 1.

haracteristics of patients with cardiac asystole
339

ut of the 13 patients with CA (eight males and five
emales; median age: 49 years), only four (30.8%) had

history of pre-existing heart disease. Eight (61.5%)
A patients were receiving AEDs at the time of VEM.
he most common AED in use was levetiracetam, fol-

owed by valproate and oxcarbazepine. Two patients
eceived phenytoin and one lacosamide. The detailed
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T4-T6
T6-O2
Fp1-F9
F9-T9
T9 - P9

F10 - T10
T10 - P10
Fz - Cz
Cz - Pz
ECG1 - ECG2
EMG1 - EMG2

Fp2 - F10

Ictal onset

200 uV

1 sec

B

200 uV

1 sec

Fp1 - F3
F3 - C3
C3 - P3
P3 - O1

F4 - C4
C4 - P4
P4 - O2

F7 - T3
T3 - T5
T5 - O1

F8 - T4
T4 - T6
T6 - O2

F9 - T9
T9 - P9
Fp2 - F10
F10 - T10
T10 - P10
Fz - Cz
Cz - Pz
ECG1 - ECG2
EMG1 - EMG2

Fp1 - F9

Fp2 - F8

Fp1 - F7

Fp2 - F4

Asystole onset

C Fp1 - F3
F3 - C3
C3 - P3
P3 - O1
Fp2 - F4
F4 - C4
C4 - P4
P4 - O2
Fp1 - F7
F7 - T3
T3 - T5
T5 - O1
Fp2 - F8
F8 - T4
T4 - T6
T6 - O2
Fp1 - F9

Fp2 - F10
F10 - T10
T10 - P10
Fz - Cz
Cz - Pz
ECG1 - ECG2
EMG1 - EMG2

F9 - T9
T9 - P9

200 uV

1 sec

Asystole/EEG offset

Figure 1. VEM findings of Patient 3 (see supplementary table 1) (24-channel EEG with one channel of simultaneous ECG recorded with
high frequency filter = 70 Hz, low frequency filter = 0.5 Hz, sensitivity = 10 �V/mm, and display speed = 30 mm/sec): (A) ictal onset
characterized by a burst of multiple spikes followed by rhythmic spikes over the right posterior temporal region with phase reversal
at T6, as illustrated by the red arrow; (B) onset of asystole after a latency of 24.1 seconds following the ictal EEG onset; and (C) diffuse
slowing with attenuation of activity and asystole offset.
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ndividual characteristics of CA patients are provided
n supplementary table 2.

omparison of the clinical characteristics
f IA and CA patients

e have compared the clinical features of IA and CA
roups of patients in table 1. The mean age at onset of
vents was significantly lower for IA patients in con-
rast to CA patients (group mean ± standard deviation
SD]: 18.00 ± 16.09 vs. 41.67 ± 24.10 years, p = 0.03). A
ignificantly greater number of CA events occurred
uring wakefulness when compared to IA events (83%
s. 57%, p = 0.0004). The mean duration of VEM was
ignificantly briefer in the CA group when compared
o the IA group (1.83 ± 2.97 vs. 3.20 ± 0.84 days, p =
.01). While 10 patients (77%) with CA complained of
ymptoms of pre-syncope such as light headedness,
izziness, and blurring of vision, none with IA had
uch a sequence of symptoms. There was no signifi-
ant difference in gender distribution, mean duration
f illness, presence of aura, atonic falls or limb jerking
uring atonic falls between the IA and CA groups
f patients.

omparison of the electrophysiological
haracteristics of IA and CA patients

comparison of the EEG and ECG findings between
A and CA groups of patients is presented in table 1.

total of 207 epileptic seizures were recorded during
he monitoring period from IA patients; among them,
6 seizures were excluded due to either absence of
systole during the seizures or inability to interpret
hem due to artefacts. Finally, 121 events were analysed
or the clinical and electrophysiological features of IA.
he number of recorded seizures from IA patients was

nflated due to one patient, who had postoperative
ocal status epilepticus. Out of 121, 108 seizures were
rom this patient (outlier). Overall, the median number
f seizures recorded in the IA group of patients was six
nd median number of asystole was four. After exclud-
ng the outlier, the median number of seizures was
ve and median number of asystole was three. Out of

he 207 seizures recorded from our IA patients, only
21 (58.5%) were associated with asystole. Thirteen
atients with CA had a total of 64 episodes of asystole
nd all of them could be included in the final analysis.

hile 96 out of 121 (79.3%) IA events were prolonged,
pileptic Disord, Vol. 21, No. 4, August 2019

6 out of 64 (40.6%) CA events were prolonged (p =
0.0001). While 12 out of 121 IA events (9.9%) were

ery prolonged, three out of 64 (3.1%) CA events were
ery prolonged (p = 0.09) (table 1). Eleven out of 12
rolonged ictal asystole events (92%) occurred among

he subgroup of patients with extratemporal seizure
nset. None of the prolonged IA and CA events

e
a
2
(
e
C
u

Ictal versus cardiac asystole

rogressed to a generalized tonic-clonic seizure.
he latency of ictal asystole (36.52 ± 11.3 vs. 22.28 ±
.09 seconds, p = <0.0001) and duration of epileptic
eizures (75.62 ± 29.74 vs. 58.14 ± 18.13 seconds, p

0.02) were more prolonged in the temporal lobe
eizure onset sub-group when compared to the
xtratemporal seizure onset sub-group of patients
table 2). There was no significant difference in the

ean duration of asystole, pre-asystole bradycardia,
r diffuse delta slowing in the EEG during asystole
etween the IA and CA groups of patients (table 1).

ollow-up data

hree IA patients underwent resective epilepsy
urgery; only one of them has remained completely
eizure-free during a follow-up period of seven
onths. One IA patient with a left parietal lobe focal

ortical dysplasia (Patient 5) (supplementary table 1)
eveloped focal status epilepticus immediately

ollowing resective surgery with frequent and
rolonged asystoles that necessitated emergency
ermanent cardiac pacemaker implantation. This
atient during the subsequent 30 months of follow-up
ontinued to have frequent seizures, but none of them
esulted in asystole. All the 13 patients with CA under-
ent detailed cardiac electrophysiological studies.
ne of them was diagnosed with cough syncope and
as managed conservatively with antitussive and bron-

hodilator medications. Another patient with CA, with
n inducible polymorphic ventricular tachycardia after
rovocation with flecainide, was suspected to have
rugada syndrome that necessitated an implantable
ardioverter-defibrillator. Five CA were diagnosed
ith sick sinus syndrome and six with AV block. Seven
ut of 13 (54%) CA patients had already undergone
ermanent cardiac pacemaker implantation, while

our of them were waiting for this procedure. For
urther information on the management and outcome
f individual CA patients, refer to supplementary

able 2.

iscussion

everal studies containing a small number of patients
nd reviews have provided, in recent years, a wealth
f information with respect to the electroclinical
haracteristics (Schuele et al., 2007; Nguyen-Michel
341

t al., 2014; van der Lende et al., 2016; Tényi et
l., 2017), clinical implications (Britton and Benarroch,
006; Ghearing et al., 2007), and management of IA
Schuele et al., 2008; Moseley et al., 2011; Strzelczyk
t al., 2011; Bartlam and Mohanraj, 2016; Morita and
endes, 2017). First, IA is a rare incident in patients
ndergoing prolonged VEM (Rocamora et al., 2003; van
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Table 1. Comparison of the characteristics of ictal asystole and cardiac asystole patients by univariate analysis.

Characteristic Ictal asystole
(n=5)

Cardiac asystole
(n=13)

Statistical analysis
(p value)

Gender, male, n (%) 2 (40) 8 (61.5) 0.62

Age at presentation, years (mean ± SD) 33.4 (10.9) 51.83 (21.7) 0.09

Age at onset of symptoms, years (mean ± SD) 18.0 (16.1) 41.67 (24.1) 0.03

Duration of VEM, days (mean ± SD) 3.20 ± 0.8 1.83 ± 3.0 0.01

Number of asystole events during VEM 121 64 NA

Duration of asystole, seconds (mean ± SD) 15.49 (9.2) 10.61 (7.0) 0.29

Asystole events during wakefulness, n (%) 69 (57) 53 (83) 0.0004

Aura, n (%) 73 (60) 49 (77) 0.48

Atonia during asystole, n (%) 48 (40) 21 (33) 1.0

Limb jerking during asystole, n (%) 73 (60) 32 (50) 1.0

Pre-asystole bradycardia, n (%) 97 (80) 43 (66.7) 1.0

Diffuse delta activity in EEG during asystole, n (%) 97 (80) 53 (83.3) 1.0

Prolonged asystole (>6 sec), n (%) 96 (79) 26 (41) <0.0001

Very prolonged asystole (>30 sec), n (%) 12/121 (9.9) 3/64 (3.1) 0.09

NA: not applicable; SD: standard deviation; VEM: video-EEG monitoring

Table 2. Comparison of the characteristics of asystole during seizures of temporal lobe and extratemporal lobe
origin by univariate analysis.

Characteristic Temporal lobe seizures
(n=8)

Extratemporal lobe seizures
(n=113)

Significance
(p value)

Duration of ictal EEG, seconds (mean ± SD) 75.6 ± 29.7 58.1 ± 18.1 0.02

Latency of asystole*, sec (mean ± SD) 36.5 ± 11.3 22.3 ± 9.1 <0.0001

Duration of asystole*, sec (mean ± SD) 17.2 ± 11.1 14.8 ± 9.8 0.52

S

d
o
s
e
o
l
2
m
a

N
a

Prolonged asystole (>6 sec), n (%) 6/96 (6.3%)

Very prolonged asystole (>30 sec), n (%) 1/12 (7%)

D: standard deviation. *See text for definitions

er Lende et al., 2016). Second, although IA is more
ften associated with chronic DRE, it may occur in the
42

etting of drug-responsive new-onset epilepsy (Tényi
t al., 2017). Third, in patients with IA, the seizure
nset zone is more often lateralized to the left and

ocalized to the temporal lobe (van der Lende et al.,
016; Tényi et al., 2017). However, prolonged IA is
ore often encountered with secondary generalized

nd extratemporal-onset seizures (Britton et al., 2006;

g
i
r
t
2
L
l

90/96 (93.7%) <0.0001

11/12 (93%) <0.0001

guyen-Michel et al., 2014; Tényi et al., 2017). Fourth,
lthough brain regions such as the insula, anterior cin-
Epileptic Disord, Vol. 21, No. 4, August 2019

ulate cortex, amygdala, and orbitofrontal cortex are
mplicated in the pathogenesis of IA, intracranial EEG
ecordings have shown that IA often appeared when
he ictal activity has become bilateral (Rugg-Gunn et al.,
004; Britton and Benarroch, 2006; Catenoix et al., 2013).
ast, compared to postictal asystole, IA is often a self-
imiting condition (Schuele et al., 2008; van der Lende
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t al., 2016). Although it can result in syncope-related
alls and injuries (Moseley et al., 2011; Bartlam and

ohanraj, 2016), control of seizures by AEDs or surgery
revents these morbidities in the majority; only in a
inority of patients does cardiac pacemaker implan-

ation become necessary (Schuele et al., 2008; Bartlam
nd Mohanraj, 2016).
n this study, based on a large number of patients
ho underwent prolonged VEM in an EMU, we ascer-

ained five patients with IA and 13 patients with CA,
ith 121 IA events and 64 CA events recorded from the
atients, respectively, and compared and contrasted

heir electro-clinical characteristics. We wish to elabo-
ate on the clinical relevance of our results.

revalence of asystole

e came across asystole in only 0.17% of over 10,000
atients who underwent prolonged VEM during a
eriod of five and a half years. In our EMU set-up,

he prevalence of CA was two and a half times that of
A (0.13% vs. 0.05%). Others have endorsed the very
are occurrence of IA in the EMU (Rocamora et al.,
003; Schuele et al., 2007; Nguyen-Michel et al., 2014;
estawros et al., 2015). van der Lende et al. (2016) under-

ook a systematic review of 65 articles published up
o July 2013 that reported cardiac arrhythmias dur-
ng VEM and computed a mean prevalence of IA of
.18%. The prevalence of CA and IA would be influ-
nced by the referral patterns of patients undergoing
rolonged VEM (whether for event characterization
r for presurgical evaluation), which differs between
MUs.
ince IA does not recur with every seizure in an indi-
idual patient, the prevalence would be influenced by
he number of seizures recorded per patient during
EM. One of our patients graphically exemplifies this
oint. In this patient with MRI-negative right poste-
ior cortex epilepsy, while all the four scalp-recorded
eizures were associated with IA, IA did not occur in
ny of the 11 seizures recorded by stereo-EEG (see
upplementary material). Based on a systematic review
f 80 published patients with 182 IA in 537 seizures,
ampel et al. (2017) estimated an IA recurrence risk
f 40%. Among our patients, IA occurred in 58% of

he recorded seizures. Therefore, recording one or
wo seizures during VEM in patients with suspected
A may be inadequate to rule it out. Furthermore, in
pileptic Disord, Vol. 21, No. 4, August 2019

atients with higher risk of IA, physicians would be
ess inclined to record more seizures, instead would
refer to refer them for cardiac evaluation. Based on

ong-term ILR undertaken in highly selected patients
ith drug-resistant epilepsy, a much higher prevalence
f IA has been reported, varying from 5% to 21% (Rugg-
unn et al., 2004; Nei et al., 2012).

p
d
m
c
D
c
c

Ictal versus cardiac asystole

ifferentiation between IA and CA

n our study, the mean age at onset of events was
ignificantly lower for IA patients (18 years) in com-
arison to CA patients (42 years). When compared

o the mean age at onset of 41 years based on a sys-
ematic analysis of 157 IA patients (Tényi et al., 2017),
ur patients were younger. A significantly greater
umber of CA events occurred during wakefulness
nd within a shorter monitoring period. Two thirds of
ur patients with CA were receiving one or more AEDs

or several years before VEM because of the mistaken
iagnosis of epilepsy. Only one third of them had a
rior diagnosis of cardiac disease. All of our patients
ith IA had DRE. In our small number of IA patients,

he presumed or proven ictal onset zone was evenly
ateralized between the right and left hemispheres and
ocalized between temporal lobe and extratemporal
egions. Among our patients, while three quarters
f CA patients complained about symptoms such as

ight headedness, dizziness, and blurring of vision
rior to TOLC, none of the IA patients had these pre-
yncope symptoms. We did not find any significant
ifference in gender distribution, mean duration of

llness, presence of aura, atonic falls, or limb jerking
uring atonic falls between the IA and CA groups of
atients.

linical implications

t is estimated that nearly a third of patients on
ong-term follow-up in tertiary referral centre-based
pilepsy clinics do not have epilepsy and are being
reated unnecessarily with AEDs (Benbadis et al., 2004;
u et al., 2016). In these patients, cardiovascular syn-
ope is the most commonly misdiagnosed condition
Chowdhury et al., 2008; Xu et al., 2016). In a study
hat reported 74 patients who were diagnosed with
pilepsy, but required elaborate neurological and car-
iac evaluations because of the lack of response to
EDs or uncertainty about the diagnosis of epilepsy,
n alternate diagnosis was derived in 31 (42%) patients
Zaidi et al., 2000). While the head-up tilt test con-
rmed the diagnosis of vasovagal syncope in 19 (25.7%)
atients, carotid sinus massage precipitated CA lasting

or more than three seconds in seven (9.5%) patients
Zaidi et al., 2000). Long-term unnecessary treatment
ith AEDs (especially with sodium channel blockers

uch as phenytoin, carbamazepine and lacosamide) in
343

atients with cardiovascular syncope, in addition to
rug side effects and the psycho-social implications,
ay have a potentially adverse influence on the cardiac

onduction system.
ifferentiation between ictal syncope and cardiac syn-

ope in patients presenting with TLOC associated with
onvulsive movements is a diagnostic challenge both
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or neurologists and cardiologists. The routine neu-
ological and cardiac evaluations including EEG, ECG,
nd echocardiography often fail to provide any use-
ul information. A head-up tilt test is positive in only a
hird of patients with unexplained syncope, and is non-
pecific because susceptibility to orthostatic stress
ccurs in a variety of conditions (Flevari et al., 2009).
he most sensitive and specific test for the diagnosis
f ictal syncope is prolonged VEM (Schuele et al., 2007;
guyen-Michel et al., 2014; Bestawros et al., 2015; Tényi
t al., 2017) and for cardiac syncope is ILR (Solbiati et
l., 2016; Padmanabhan et al., 2019). The recent Euro-
ean Society of Cardiology guidelines for evaluation
nd management of syncope recommends ILR in the
arly phase of evaluation of people with unexplained
ecurrent syncope (Brignole et al., 2018) However, VEM
nd ILR may not be widely available, especially in devel-
ping countries, and many patients may not be able to
fford the cost. In patients with rare events, in spite
f recording for several days, VEM and ILR may fail to
apture the habitual events. As ILR is only a continuous
CG recording devise, in the absence of simultane-
us EEG recording, it may not be possible to establish
hether a documented asystole is due to IA or CA
sing ILR. Hence, VEM is strongly recommended in a
atient diagnosed with CA based on ILR, when there is
ecurrence of TLOC despite insertion of a cardiac pace-

aker, to make sure that IA has not been overlooked.
re there any clinical clues that can guide the physi-
ian to optimally utilize the above investigations?
mong our patients, symptoms of presyncope prior

o TLOC occurred exclusively in CA patients. Although
e did not find any significant difference in the phe-
omenology of convulsive limb movements after a fall
etween the IA and CA groups of patients, others who
ave methodically characterized them have uncovered
linically useful information. Shmuely et al. (2018) com-
ared video-EEG-recorded motor phenomena of 65

ilt-induced syncope episodes with those of 50 convul-
ive seizures. Although postures occurred in two thirds
nd jerks occurred in half of the syncopal episodes,
ewer than 10 jerks occurred in syncope, while the
erks were rhythmic and more than 20 occurred in
pileptic seizures. The authors even suggested a “10/20
ule” to distinguish between syncope and seizures.
tonia occurred exclusively in syncope (Shmuely et
l., 2018). Although history obtained from an eye wit-
ess of the event is less likely to reliably reveal these
istinguishing characteristics, review of events cap-
44

ured by home or mobile phone video will enhance
he yield.
ased on our results and literature review, we wish

o advocate the following cost-effective dichotomized
iagnostic approach for patients presenting with TLOC
ith or without convulsive movements. Prodromal

ymptoms such as light headedness, dizziness and

c
t
w
c
c
h
i

lurring of vision, atonic falls, and few, irregular
erks after the fall would strongly favour a cardio-
ascular syncope. Patients with these characteristics
hould initially be evaluated by a cardiologist to ascer-
ain the cause of syncope. Very few of them might
equire ILR to settle the diagnosis of potentially life-
hreatening cardiac arrhythmias. Slow evolution of the
ymptoms with behavioural arrest and automatisms
rogressing on to fall and convulsive jerks lasting for
everal seconds or few minutes denote an epileptic
eizure-related TLOC. Patients with these characteris-
ics should be evaluated by a neurologist. Few of them

ay require prolonged VEM (along with simultaneous
CG) to settle the very rare diagnosis of seizure-
nduced asystole as the cause of TLOC.

tudy limitations

e acknowledge the following limitations of our ret-
ospective study. Although we included all patients in
hom asystole was reported, we could have missed
atients in whom asystole was present but was not

dentified. However, in view of the systematic way in
hich VEM data is read and reported in our EMU, we
elieve that the number of missed cases is unlikely

o be significant. Because of the small sample size,
nd sampling and referral biases inherent to retrospec-
ive studies, generalizability of our findings is limited.
he video data of many patients were either pruned
r were deleted for want of storage space. Hence, we
ould not reliably ascertain and analyse the differen-
ial phenomenological features of seizures with and
ithout asystole. The number of seizures with IA is
robably under-reported in our study as we could not
nalyse the ictal EEG of some of the events because
f artefacts. We also could not reliably assess the

nfluence of postures such as standing/sitting versus
upine on the occurrence of TLOC. Because of the
etrospective design, the dependability of our rec-
mmendations on the best management options is

imited and needs verification through prospective
tudies.

onclusions

he accurate categorization of asystole as seizure-
elated (IA) or heart disease-related (CA) has huge
mplications on the management strategy and out-
Epileptic Disord, Vol. 21, No. 4, August 2019

ome. The necessity of permanent pacemaker implan-
ation is more often and urgently required in patients
ith CA than IA, because of greater risk of sudden

ardiac death in this subset of patients. As clinical
haracteristics, such as relatively older age at onset,
eralding symptoms of presyncope, occurrence dur-

ng wakefulness, and brief duration of the events,
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avour the ominous diagnosis of CA, in patients with
hese attributes a thorough cardiac evaluation should
urpass neurological evaluation. �

upplementary data.
ummary didactic slides and supplementary materials are avail-
ble on the www.epilepticdisorders.com website.
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TEST YOURSELF
EDUCATION

(1) In patients presenting with recurrent transient loss of consciousness, what clinical cues aid in distinguishing
between cardiovascular syncope and ictal syncope?

(2) Is there an indisputable and consistent association between ictal asystole and chronic drug-resistant left
temporal lobe epilepsy?

(3) Does detection of ictal asystole warrant urgent cardiac pacemaker implantation?

Note: Reading the manuscript provides an answer to all questions. Correct answers may be accessed on the
website, www.epilepticdisorders.com, under the section “The EpiCentre”.
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