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Convulsive seizures are known to cause severe cardiopulmonary changes and increased autonomic activity. Lim-
ited reports describe peri-ictal cardiac arrhythmias such as atrial fibrillation (AF) with generalized tonic–clonic
seizures (GTCS). We present a unique case of a healthy 23-year-old male patient with new onset prolonged AF
in the setting of new onset seizures, occurring on three independent occasions. Over two years, our patient
hadmultiple hospitalizations for seizures with an electrocardiogram (ECG) diagnosis of AFmade on three differ-
ent occasions, occurring during his post-ictal state (allwithin 30min of seizure onset). These seizureswere never
captured by electroencephalography (EEG) orwitnessed by themedical staff, butwere reported by family and/or
reviewed on video provided by them. After his first GTCS, his AF persisted and was medically cardioverted. Two
additional instances of AF after witnessed GTCS have been captured. After his second unprovoked seizure, an
anti-seizure drug (ASD) was prescribed. Amulti-disciplinary approachmay be adopted to address comorbidities
associated with seizures. Aggressive evaluation and treatment should be employed for newly diagnosed and re-
fractory seizure patients associated with arrhythmias, in our case AF. Peri-ictal arrhythmiasmay be considered a
potential marker for increased sudden unexpected death in epilepsy (SUDEP) risk.

© 2019 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Convulsive seizures are associatedwith severe changes in cardiopul-
monary activity that can result in central apnea, severe bradycardia and
transient asystole [1]. Cardiac rhythm abnormalities such as sinus
tachycardia, sinus bradycardia, ictal asystole, ventricular tachycardia
(VT), ventricular fibrillation (VF), atrioventricular (AV) nodal block,
atrial flutter and atrial fibrillation (AF) can occur during the ictal- and
post-ictal phases. Among these, sinus tachycardia was identified as the
most common arrhythmia associated with the generalized tonic–clonic
seizures (GTCS) [2]. AF, an independent risk factor for stroke and a lead-
ing cause of death, is the most prevalent arrhythmia in general and ep-
ilepsy populations, with its prevalence relatively higher in men [3] and
in patients with temporal lobe epilepsy [4]. However, there are only a
few cases in the literature that report AF during the ictal- or post-ictal
state [5,6]. We present a unique case of an epilepsy patient having
new onset transient AF after his generalized convulsions.
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2. Case

A 23-year-old African-American male with new onset seizure was
also found to have new onset transient AF in his postictal period. His
past medical history was significant for asthma, obesity (BMI
33.1 kg/m2), and smoking (cigarettes, marijuana). His neurological ex-
amination, initial brain imaging, electroencephalography (EEG) and
trans-thoracic echocardiogram (ECG) were unremarkable during his
first admission for seizure. His first GTCSwas atwork, described by fam-
ily as shaking all over, without reported tongue biting, or urinary/bowel
incontinence.With unremarkable initialwork-up, alongwith newonset
of AF at that time, an initial diagnosis of convulsive syncope was made,
with no anti-seizure drug (ASD) being initiated. Subsequent seizures
consisted of psychomotor arrest, progressing to GTCS as reported by
family/co-workers (patient denied any auras). Hospitalization during
the post-ictal phase recorded AF with a rapid ventricular response
(RVR) as recorded in the ECG (Fig. 1). Within two days, he spontane-
ously converted to normal sinus rhythm and was started on apixaban,
diltiazem and metoprolol. Follow-up portable cardiac monitoring
showed no evidence of recurrent arrhythmia. Beta-blocker and
apixaban were discontinued due to symptomatic bradycardia, and re-
spectively low CHA2DS2-VASc score. Multiple prior hospitalizations
over a 5-year period for knee-related injuries included an ECG/cardiac
monitoring, showing normal sinus rhythm.
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Fig. 1. AF after the initial GTCS episode. The above EKG demonstrates the AF observed within 30 min, after the initial GTCS episode (August 2017). The heart rate during this period was
116 BPM.
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Six months later, levetiracetam was started after the second unpro-
voked GTCS and changed to valproic acid due to behavioral side effects.
Poor compliance led to several admissions after sustaining seizures.
During these encounters, multiple 24-hour EEG recording showed
mild background slowing and no seizure activity after the anti-seizure
medication load. Subsequent brainMRI showedmild asymmetry of hip-
pocampi with no abnormality in the temporal lobes.

Fourteen months after the first seizure, the patient was brought
to the emergency department with a prolonged seizure, lasting
over 5 min, when the second prolonged AF with RVR was identified.
A third seizure associated with AF and RVR prompting hospitaliza-
tion was captured by family on video and consisted of confusion,
right arm tonic posturing, forced head deviation to the right, and
progression to a GTCS. A follow-up epilepsy monitoring unit (EMU)
recording to determine seizure localization prompting anti-seizure
medication discontinuation, captured one focal seizure with left
temporal onset and psychomotor arrest but no changes in the car-
diac rate or rhythm (Fig. 2). As per EMU protocol, he was immedi-
ately treated with lorazepam to avoid secondary generalization and
to prevent sudden unexpected death in epilepsy (SUDEP). At this
time the patient realized the importance of medication compliance
and his epilepsy is currently well controlled with two ASDs.

3. Discussion

In convulsive seizures, there is an increased sympathetic activity that
is reflected as a peak in catecholamine and electrodermal activity [7]. Dur-
ing the post-ictal state following GTCS, there is an autonomic dysregula-
tion with increased sympathetic and decreased parasympathetic
outflow. This may generate fatal arrhythmias and potential SUDEP [7,8].
In addition, the association between arrhythmias and seizures could be
due to the direct stimulation of the central autonomic centers [2,9,10].
Seizures originating from the amygdala, hippocampus, insular cortex,
and the frontotemporal regions can produce a wide range of cardiac ab-
normalities [11,12] with studies suggesting that the insular cortex has a
direct influence on the cardiac rate and rhythm [4,11]. We observed
that our patient had apast history of hypertension andobesity. Cardiovas-
cular comorbidities and their associated risk factors are more common in
adults with chronic epilepsy [2,13], particularly those who have a higher
incidence of hypertension and obesity. Several of these factors pose a
risk towards the development of stroke.

Fatal arrhythmias and ECG abnormalities are more likely to be ob-
served during or after a generalized seizure andwith prolonged convul-
sive activity [9,10]. Studies indicate that ictal asystole, VT and VF are
associated with SUDEP [7]. Concerns have been expressed over AF
compromising ventricular output, and thus could be a precipitating fac-
tor for SUDEP [6]. There are very few reports showing post-ictal AF diag-
nosed during video-EEG monitoring [14]. A study reported a past
medical history of AF in two patients with SUDEP but ictal or immediate
post-ictal ECG recording in these patients were not available [15]. Clin-
ical evidence showing association between AF and SUDEP is scant and it
has been suggested that peri-ictal arrhythmias should be considered as
a marker for increased SUDEP risk [7].

We report three instances of new onset and transient postictal AF
after GTCS in our patient, occurring over a period of 24months. Between
his first and second AF associated with seizures events described above,
the patient had multiple other seizures prompting five additional ER
evaluations or ICU hospitalizations during which AF was not demon-
strated on ECG. None of his GTCS occurred while in the hospital, there-
fore the exact timing of onset of AF in relation to the ictal onset cannot
be quantified. It has been hypothesized that following GTCS, there is a
period of severe autonomic dysregulation strongly characterized by ex-
cessive sympathetic activation in tandem with parasympathetic sup-
pression in the early post-ictal phase; the later phase seems to be
dominated by impaired vagal recovery. AF can induce cardiac failure
with severe hemodynamic repercussions, and it is a well-known cause
of stroke. To our knowledge, a single prior report was published show-
ing post-ictal AF/flutter lasting just minutes as a marker for SUDEP [14].
We considered our patient to have a much higher risk of stroke and/or
SUDEP, due to prolonged post-ictal AF, lasting over two days. The
post-ictal AF connected with the GTCS presented as an RVR, hence it
was important to maintain the sinus rhythm and prevent peripheral
embolization [14]. It is worthwhile considering whether or not post-
ictal AF needs to be treated, since seizure control in itself is likely to pre-
vent this arrhythmia. An extensive cardiac work-up is vital in these pa-
tients to differentiate between peri-ictal AF related to GTCS and those
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Fig. 2.EEGduring EMUadmission (Feb 2019). The EEG of thepatient, (A) at the beginning of the seizure episode (the top arrow shows left temporalmoderate rhythmic theta activity), and
(B) at the end of the seizure (one-minute duration). The heart rate (green), was consistent during episode. The patient did not progress to a GTCS. The two images are at sensitivity 10.
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unrelated to seizures. If at all, the risk of SUDEP is unclear, because AF is
considered a low-mortality arrhythmia, an implantable cardioverter-
defibrillator is not generally indicated, although each casemust be indi-
vidually assessed. A 24-hour Holter ECG is essential to exclude intrinsic
cardiac abnormalities [4,11]. Simultaneous video EEG and ECG record-
ings can establish the relationship between the seizure and the
arrhythmia [15].

Patients with AF are at the risk of stroke and systemic embolism
without anticoagulant therapy. Seizure control is paramount in all pa-
tients, especially if associated with peri-ictal cardiac rhythm abnormal-
ities. ASD selection plays an important role in the patients with intrinsic
cardiac conductive tissue dysfunction. Lamotrigine, valproate and
gabapentin have a minimal effect on the cardiac function whereas car-
bamazepine, phenytoin, barbiturates and benzodiazepines are linked
with conduction abnormalities [4]. It is vital to closely monitor patients
having post-ictal AF after seizures, with primary focus being given to the
seizure control. Our patient had a low CHA2DS2-VASc score, therefore
the anticoagulation therapy was discontinued. In general, a patient
with a high CHA2DS2-VASc score requires anticoagulation therapy. Pa-
tients with history of ASD non-compliance or with refractory seizures,
that are prescribed anticoagulation therapy, are at risk for prolonged
or severe bleeding, especially if they sustain injuries during seizures.
Hence, it is important to choose an ASD medication with good efficacy
and minimal drug-to-drug interaction and an anticoagulant that can
be quickly reversed.
4. Conclusions

Post-ictal AF, though rarely reported, is a highly dangerous seizure
complication. GTCS associated with prolonged arrhythmias such as AF
can complicate the healthcare management in patients. AF, when linked
with GTCS, has been associated with post-ictal generalized EEG suppres-
sion and autonomic dysregulation, and can be potentially connected to
SUDEP [14]. A multi-disciplinary approach should be an integral part of
AF management if related to seizures, in order to prevent stroke. Aggres-
sive control of the seizures can prevent post-ictal AF occurrence.

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.ebr.2019.100343.
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