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“Ictal” bradyarrhythmias in patients  
with drug-resistant epilepsy: results  
of long-term heart rhythm monitoring

Aim To determine the type and incidence of ictal bradyarrhythmias in patients with drug-resistant types 
of epi lepsy by long-term electrocardiogram (ECG) monitoring.

Material and methods Subcutaneous ECG monitors programed for recording pauses >3 sec and episodes of bradycardia 
≤45 bpm were implanted in 193 patients with persistent epileptic seizures without organic pathology 
of the myocardium. Recording was activated by the patient/family at the onset of epileptic seizure. 
The follow-up period was 36 months with visits to the clinic every three months.

Results For 36 months of monitoring, 6494 ECG fragments were recorded. Ictal bradycardia was observed 
in 6.7 % of patients, including ictal asystole in 2.6 % of patients. Episodes of bradycardia and asystole 
during epileptic seizures were transient and developed significantly more frequently in men, patients 
with long duration of the disease, bilateral tonic-clonic or focal seizures with disorder of consciousness, 
during sleep, on the background of treatment with several antiepileptic agents, mostly from the group 
of potassium channel blockers.

Conclusion Bradyarrhythmias accompanying epileptic seizures are transient and reproducible from seizure 
to seizure. They reflect functional changes in the myocardium and do not determine the life prediction 
for patients with epilepsy without organic pathology of the heart.

Keywords Disorders of heart rhythm and conduction; subcutaneous loop electrocardiogram recorder; bradycardia; 
asystole; epileptic seizures

For сitation Serdyuk  S. E., Davtyan  K. V., Burd  S. G., Mishina  E. S., Drapkina  O. M., Gusev  E. I. “Ictal” bradyar-
rhythmias in patients with drug-resistant epilepsy: results of long-term heart rhythm monitoring. 
Kardiologiia. 2020;60(12):90–96. [Russian: Сердюк С. Е., Давтян К. В., Бурд С. Г., Мишина Е. С., 
Драпкина  О. М., Гусев  Е. И. «Иктальные» брадиаритмии у  пациентов с  фармакорезистент-
ным течением эпилепсии: результаты длительного мониторирования электрокардиограммы. 
Кардиология. 2020;60(12):90–96]

Corresponding author Serdyuk S. E. E-mail: sserdiuk@mail.ru

A pproximately 70 million people worldwide 
suffer from epilepsy. Almost 1 million patients 

have seizures, despite treatment, which reduce daily 
activity and quality of life. Seizures are also a cause of 
increased morbidity and mortality [1, 2]. Epilepsy is a 
complex problem rather than a simple neurological disease 
characterized by unprovoked seizure attacks and is attracting 
increased attention from clinicians. The electrophysiological 
changes in the heart are a natural consequence of the long-
term course of epilepsy. Cardiac effects can vary from deviated 
rhythm variability to bradyarrhythmia, asystole, and other 
heart rate disorders, showing the unbreakable brain-heart 
connection and interaction. A range of heart arrhythmias 
are detected in more than 50% of cases of epileptic seizure 
attacks [3, 4]. Bradyarrhythmia is not a common reaction 
to an epileptic seizure attack [5–7]. Ictal bradyarrhythmia 
syndrome is usually typical of focal attacks with impaired 
consciousness. They are less frequent in cases of secondary 
generalization, and are more frequently observed in patients 
with temporal epilepsy significantly [8–10].

Of particular interest is the role of ictal brady  
arrhythmias in the pathogenesis of sudden death (SD) 
in epilepsy and are presumed to be a leading factor 
of SD. 

Current perceptions concerning heart rhythm 
in the ictal period present fragmented information 
obtained primarily by video electroencephalogram 
(EEG) moni toring, including in patients who died 
suddenly [11].

Aim
To determine the nature and frequency of ictal bra-

dy arrhythmias in patients with pharmacoresistant epi-
lepsy by long-term electrocardiogram (ECG) moni-
toring.

Material and methods
The study included 193 patients: 102 males, 91 fe-

males, with a mean age of 35.4 years (from 18 to 60 
years).
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Inclusion criteria: patients diagnosed with focal epi-

lepsy and persistent attacks which occur at least 2 ti-
mes per year during the anti-epileptic therapy; aged 
between 18 and 60.

Exclusion criteria: coronary heart disease; organic 
myo cardial pathology (postinfarction cardiosclerosis, 
cardio myopathy, myocardial hypertrophy more than 
1.3 cm, heart defects); use of drugs affecting heart 
rhythm (beta-blockers, non-dihydropyridine calcium 
antagonists); absence of epilepsy seizure attacks during 
the anti-epileptic therapy; liver and kidney diseases; 
and dysfunction, endocrine and mental disorders.

The patients were examined after signing the 
informed consent. The ethics committee approved the 
trial protocol.

Each included patient underwent EEG video 
monitoring, brain magnetic resonance imaging 
(MRI) (1.5 T). The epileptic focus was localized 
and lateralized based on the clinical characteristics 
of attacks, EEG video monitoring, and brain MRI. 
Organic myocardial pathology was excluded du ring 
echocardiography, while hidden myocardial ische-
mia was ruled out based on a stress test. Organic 
myocardial pathology was excluded in all cases, as 
was latent coronary insufficiency during stress tests. 
The 12-lead resting ECG was recorded, and 24-hour 
ECG monitoring was performed to detect heart rate 
and conduction disorders. Total blood count and 
biochemical blood tests were carried out, in order to 
estimate electrolyte and metabolic parameters.

Loop recorders, capturing the single-channel ECG 
corresponding to the V2 lead, were implanted in all 
patients to record the ictal ECG. The ECG recording to 
detect bradyarrhythmias was automatically activated 
by two programmable triggers: heart pauses (>3 s); 
and bradycardia (<45 bpm). Moreover, each patient or 
his/her relative/guardian could activate the recording 
using an external device during or immediately after an 
epileptic seizure attack. The external device was used 
to activate the recording:

1. Once:
a) in the case of focal attacks with preserved 
consciousness (immediately after the attack);
b) in the case of focal attacks without impaired 
consciousness or bilateral tonic-clonic seizures 
without aurora (immediately after the attack);

2. Twice:
a) in the case of focal attacks with impaired 
consciousness or bilateral tonic-clonic seizures with 

aura (first, during aura, and second, immediately 
after stopping the attack);
b) in the case of epileptic state/series of seizures 
(first, epileptic state/series of seizures, and second, 
when consciousness is regained or if there are signs 
of the ongoing attack).

We developed an original patented technique 
(RU2665019C1 “Method for detecting rhythm and 
conduction disturbances in patients with epilepsy 
using an implanted subcutaneous ECG loop register”).

Patients were examined by a cardiologist and 
neurologist before the device was implanted and 
subsequently every 3 months. ECG fragments saved in 
the subcutaneous register were also interpreted every 
3 months. The follow-up period was 36 months, at the 
end of which the devices were explanted.

Statistical analysis was performed using SAS 
software (version 9.4; SAS Institute, Cary, NC, USA). 
The means and standard deviations were used to 
express the normally distributed quantitative data.

Results
During the monitoring of 193 patients over a 

follow-up period of 36 months (mean follow-up 
period 34.6±6.03 months), 6,494 ECG fragments were 
recorded using a loop register. The analysis showed 
that at the time of the epileptic seizure attacks, 13 
(6.7%) of 193 patients had bradycardia, and 5 (2,6%) 
of the 13 patients in combination with asystole.

It should be noted that the heart rate response to 
epileptic seizure attacks was stereotypical in all cases. 
Sinus bradycardia was preceded by sinus tachycardia, 
including in 3 of 5 patients with asystole. Brady-
arrhythmias appeared again from one attack to another. 
Table 1 shows the clinical characteristics of patients 
with ictal bradyarrhythmias. The mean age of patients 
was 42 (27–57) years; 8 patients were male; and 5 were 
female.

The mean duration of the history of epilepsy was 
15 (6–45) years. In 9 of 13 patients epileptic seizures 
occurred during sleep. When the 12 -lead interictal 
ECGs of patients with bradyarrhythmias were 
interpreted, only 2 of 13 patients had abnormalities in 
the form of partial right bundle branch block (Table 2).

Most of the patients with ictal bradycardia received 
combined anti-epileptic therapy, including two-
component therapy in 5 patients and three-component 
therapy in another 5 patients. 3 of 13 patients received 
one anticonvulsant agent. The majority of patients 
(10 of 13) received Na channel blockers.
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The mean heart rate (HR) during ictal bradycardia 
was 38.9 (30–45) bpm. The mean duration of asystole 
episodes reached 8.86 (3.6–15) s (Figures 1, 2). In 
3  cases, pauses were recorded immediately after the 
artifacts inherent in the tonic-clonic phase of seizures. 
They were followed by spontaneous restoration of the 
sinus rhythm, and occurred during sleep.

Another patient experienced focal attacks with 
impaired consciousness while awake. These were 
characterized by sudden atonia and asystole for 3.6 
seconds on ECG, followed by sinus bradycardia with 
HR 38 bpm. In one patient, episodes of ictal asystole 
were recorded during focal attacks with impaired 
consciousness manifested by aurora.

All 5 patients who experienced heart pauses during 
the ictal period also had asystole events lasting for 
more than 3s during the 24-hour ECG monitoring at 
night and were not associated with epileptic seizure 
attacks.

The epileptic foci in all patients with heart pauses 
were extratemporal. 4 of the 8 patients with bradycardia 
had temporal foci, while another 4 patients had 
extratemporal foci.

Focal attacks with impaired consciousness were 
detected in 5 of the 8 patients with bradycardia. One 
of these patients had an aura before the attacks, and 5 
patients had attacks with typical symptoms. Bilateral 

tonic-clonic seizures occurred during sleep at night in 
3 of 8 patients with bradycardia.

Six patients had a family history of epilepsy and 
SD: epilepsy in relatives (n=1); recurrent episodes of 
loss of consciousness (n=3); drownings and accidents 
(n=2); and SD at a young age (n=1).

Of the 13 patients, 3 individuals with heart pauses 
of more than 6 seconds had implanted pacemakers, and 
they noted decreased mental confusion after attacks 
during the follow-up period.

Discussion 
According to the literature, ictal bradycardia detec-

ted during the registration of bioelectrical activity of 

Table 1. Clinical characteristics of patients with bradyarrhythmias (n=13)

Patient  
(sex,  
age)

Dura- 
tion  

of epi- 
lepsy, 
years

Num- 
ber  

of at- 
tacks 
per  
year

Num-
ber of 

BTCSs 
per year

Type  
of 

attack

Num-
ber of 
AEDs

Na  
chan-

nel  
bloc-
kers

Psy-
choacti-

ve 
agents

Alco-
hol Sleep

Struc-
tured 
focus

Lesion  
locali- 

zation/ 
latera- 

lization

Bra-
dycar-

dia, 
bpm

Asys-
tole, 
sec

Pace-
ma-
ker

1 (m, 46) 34 25 25 BTCS 3 Yes No Yes Yes No Frontal R+L 38 14.5 Yes

2 (m, 32) 13 4 4 BTCS 1 Yes No Yes No Yes Multiregional 
– unknown 35 15 Yes

3 (m, 49) 45 276 0 FSIC 3 Yes No Yes Yes No Temporal – L 49 – –
4 (f, 50) 14 12 0 FSIC 1 No No No Yes Yes Temporal – R 43 – –

5 (m, 27) 29 12 12 FSIC 3 Yes No No Yes No Frontal-
temporal – R 30 3.6 –

6 (m, 39) 6 48 48 BTCS 1 No No Yes Yes Yes Frontal – R 44 – –

7 (m, 38) 15 36 0 FSIC 3 Yes Yes No Yes No Frontal-
temporal – L 36 – –

8 (m, 51) 11 10 10 BTCS 2 Yes No No Yes Yes Frontal-
unknown 43 – –

9 (f, 27) 6 36 40 FSIC 2 No No No No Yes Temporal – R 41 – –
10 (f, 38) 29 25 0 FSIC 2 Yes No No No No Temporal – L 45 – –
11 (f, 35) 33 96 25 BTCS 2 Yes No No Yes No Frontal R+L 37 – –
12 (f, 57) 15 14 12 FSIC 2 Yes No No No Yes Frontal – L 38 3.6 –

13 (m, 55) 23 384 300 BTCS 3 Yes No No Yes Yes Multiregional 
R+L 31 7.6 Yes

BTCS, bilateral tonic-clonic seizure; FSIC, focal seizures with impaired consciousness; R, right; L, left: AED, anti-epileptic drugs.

Table 2. Key interictal ECG measurements  
in patients with bradyarrhythmias (n=13)

Measurement Value

Heart rate, bpm 81.9 ± 16.9

RR duration, ms 764 ± 179

PQ duration, ms 156.2 ± 19.4

QRS duration, ms 94.7 ± 5.5

QT duration, ms 360.2 ± 44.4

QTc duration, ms 371.2 ± 51.3
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the brain in the video EEG leads is rare (<5%), while 
asystole is even rarer (0.3–0.4%) [5, 12]. In our study, 
patients diagnosed with epilepsy had bradycardia and 
asystole in 6.7% and 2.1% of cases respectively.This can 
be attributed to the occurrence of these ECG patterns 
which do not occur in every epileptic seizure attack, as 
well as the increased possibilities of long-term heart 
rhythm recording using a subcutaneous loop register.

Bradyarrhythmias in patients with pharma co re-
sistant forms of epilepsy are of the most significant 
interest. This is due to the possible correlation 
with sudden unexpected epileptic death in which 
postictal bradyarrhythmias may be associated with 
a higher risk of SD, since they are the result of 
tonic muscle contraction and apnea with hypoxia 
or central apnea [13, 14]. Ictal asystole and 
bradycardia might be more benign and may occur in 
the arousal of the parasympathetic nervous system 
or abrupt cessation of sympathetic activity during 
an epileptic seizure attack. They may be provoked 
by a sense of fear when catecholamines are released, 

causing a vasovagal reaction of cardioinhibition and 
vasodilation [15].

Unfortunately, our study was limited by the inability 
to simultaneously record ECG and EEG during 
epileptic seizure attacks. This prevented us from 
making conclusions about the correlation between 
bradycardia and asystole with pathological electrical 
activity in the brain. However, the use of an external 
device by a patient or his/her relative/caregiver to 
activate the ECG recording, depending on the type 
and symptoms of the epileptic seizure attack and post-
attack confusion, enabled us to improve the ECG 
recording in the ictal period. The assumption that 
registered bradyarrhythmias are ictal, even based on 
indirect data in the group of patients examined, was 

Asystole Detected

0,1 mV

Figure 1. Ictal asystole (14.5 s)  
in the patient with bilateral tonic-clonic seizures 
detected automatically (recording rate 25 mm/s) 
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Figure 2. Bradycardia (44 bpm) in a patient with focal 
epileptic seizures with impaired consciousness registered 
by patient activated recording (recording rate 25 mm/s) 
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significant considering that, according to population 
studies, the frequency of erroneous diagnosis of epi-
lepsy is as high as 31.8%. This can be ascribed to the 
high frequency of syncopal states and non-epileptic 
seizure attacks of psychogenic nature [16].

This study showed no difference in the frequency of 
bradycardia depending on the location of the epileptic 
focus or the type of epileptic seizure attacks. Asystole 
was detected in 3 patients with bilateral tonic-clonic 
attacks, and 2 patients with focal attacks with impaired 
consciousness and extratemporal localization of the 
pathological foci.

The only case of atonia in the patient with focal 
attacks and impaired consciousness, bradycardia, and 
asystole may be the result of cerebral hypoperfusion 
during a sudden decrease in HR or the rapid spread of 
ictal activity involving the pontine reticular formation, 
accompanied by a typical clinical picture of the loss of 
postural tone [17].

Lempert et al. showed that asystoles lasting more 
than 14s were accompanied by the flattening of the 
EEG elements at the same time as muscle twitching and 
tonic spasms. Similar sudden diffuse and generalized 
slowing of electrical activity in the brain is observed 
during the tilt test in patients with cardioinhibitory 
syncopes during their development [18]. Tonic or 
myoclonic signs associated with brain hypoperfusion 
are predominantly typical of non-epileptic anoxic 
phenomena. Only a few typical bilateral tonic-clonic 
seizures are accompanied by the development of 
asystole [19].

Three patients with bilateral tonic-clonic seizures 
had pacemakers implanted as a result of asystole epi-

sodes being detected during epileptic seizure at-
tacks. During the follow-up, these patients noted a 
dec rease in post-attack mental confusion, with the 
same frequency of seizure attacks. This indicates that 
pathological epileptic activity is the main mechanism 
of their development.

The epileptic nature of epileptic seizure attacks 
is also shown by their manifestation by automatisms, 
visual, olfactory, and auditory aura, and a sense of déjà 
vu, as experienced in 6 of our patients with episodes 
of bradycardia and focal motor attacks with impaired 
consciousness [20].

Moreover, the independent co-existence of 
mechanisms involved in activating the autonomic 
nervous system in epileptic seizure attacks involving 
cardiovascular and cardiorespiratory reflexes cannot 
be excluded [21]. The interactions of these reflexes 
with sympathetic and/or parasympathetic effects 
during attacks can explain the combination of sinus 
tachycardia and sinus bradycardia.

Conclusion
This study demonstrated the transient nature and 

reproducibility of the ECG phenomena data. The long 
history of attacks of loss of consciousness in all patients 
with bradyarrhythmias/asystole indirectly indicates 
their benign nature and may exclude the role of such 
bradyarrhythmias in the origin of sudden epileptic 
death.
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