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Objective: This study aimed to prospectively examine cardiac structure and function in the kainic acid-induced post-status
epilepticus (post-KA SE) model of chronic acquired temporal lobe epilepsy (TLE), specifically to examine for changes between
the pre-epileptic, early epileptogenesis and the chronic epilepsy stages. We also aimed to examine whether any changes related
to the seizure frequency in individual animals. Methods: Four hours of SE was induced in 9 male Wistar rats at 10 weeks of age,
with 8 saline treated matched control rats. Echocardiography was performed prior to the induction of SE, two- and 10-weeks
post-SE. Two weeks of continuous video-EEG and simultaneous ECG recordings were acquired for two weeks from 11 weeks
post-KA SE. The video-EEG recordings were analyzed blindly to quantify the number and severity of spontaneous seizures, and
the ECG recordings analyzed for measures of heart rate variability (HRV). PicroSirius red histology was performed to assess
cardiac fibrosis, and intracellular Ca2+ levels and cell contractility were measured by microfluorimetry. Results: All 9 post-KA
SE rats were demonstrated to have spontaneous recurrent seizures on the 2-week video- EEG recording acquired from 11
weeks SE (seizure frequency ranging from .3 to 10.6 seizures/day with the seizure durations from 11 to 62 s), and none of the 8
control rats. Left ventricular wall thickness was thinner, left ventricular internal dimension was shorter, and ejection fraction
was significantly decreased in chronically epileptic rats, and was negatively correlated to seizure frequency in individual rats.
Diastolic dysfunction was evident in chronically epileptic rats by a decrease in mitral valve deceleration time and an increase in E/
E0 ratio. Measures of HRV were reduced in the chronically epileptic rats, indicating abnormalities of cardiac autonomic function.
Cardiac fibrosis was significantly increased in epileptic rats, positively correlated to seizure frequency, and negatively correlated
to ejection fraction. The cardiac fibrosis was not a consequence of direct effect of KA toxicity, as it was not seen in the 6/10 rats
from separate cohort that received similar doses of KA but did not go into SE. Cardiomyocyte length, width, volume, and rate of
cell lengthening and shortening were significantly reduced in epileptic rats. Significance: The results from this study demonstrate
that chronic epilepsy in the post-KA SE rat model of TLE is associated with a progressive deterioration in cardiac structure and
function, with a restrictive cardiomyopathy associated with myocardial fibrosis. Positive correlations between seizure frequency
and the severity of the cardiac changes were identified. These results provide new insights into the pathophysiology of cardiac
disease in chronic epilepsy, and may have relevance for the heterogeneous mechanisms that place these people at risk of sudden
unexplained death.

Commentary

Patients with epilepsy face an increased risk of sudden
unexpected death in epilepsy (SUDEP) and uncontrolled or
medically refractory seizures magnify the chance for pre-
mature mortality. While the incidence of SUDEP in com-
munity samples is estimated at 0.09-2.65 per 1000 patient
years, it is up to 9.3 per 1000 patient years in patients with
medically and surgically refractory epilepsy.1 The mecha-
nisms predisposing or leading up to SUDEP are

incompletely understood, however there is a mounting
clinical and experimental evidence implicating autonomic
dysfunction and progressive structural and functional im-
pairment in cardiac function. Compared to general pop-
ulation, sudden cardiac death (SCD) occurs 2.8 times to 5.8
times more frequently in patients with epilepsy.2 Moreover,
sudden death in epilepsy seems rare at the onset and far more
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common later in the course of the disease. Why? What
happens in the months and years of active epilepsy to result
in sudden death?

Powell and colleagues3 turned to a kainic acid–induced rat
model of acquired chronic temporal lobe epilepsy (TLE) in
order to shed light on cardiac processes that ensue in response to
recurrent seizures. The authors performed a detailed analysis of
cardiac function and structure in a sample of nine animals with
chronic epilepsy and in eight saline treated controls. The EEG
was monitored with subdural electrodes placed in bilateral
frontal and parietal regions for two weeks following the onset of
chronic seizures at 11 weeks. They observed a common oc-
currence of bradycardia at or before the onset of discernible
electro-clinical seizures. They also noted that, in some cases, it
would take up to two minutes after the electro-clinical seizure
offset before the heart rate returned to baseline. This is an
interesting observation given that in humans, heart rate change
may precede ictal onset from the mesial temporal structures by
about 5 seconds when recorded by scalp EEG.4 However, over
90% of human seizures are accompanied by tachycardia,5 while
ictal bradycardia with or without asystole is less common.4,6 In
the current model, mesial structures were not probed and re-
spiratory functions were not evaluated. It remains unclear
whether the “pre-ictal bradycardia” was in fact an ictal phe-
nomenon that coincided with central apnea due to ictal spread to
amygdala7 or whether it indicated a diving reflex due to the
activation of brainstem regions.8 Follow up studies that include
respiratory monitoring and recording from depth electrodes in
the mesial structures would be helpful to elucidate these
mechanisms. They may then also clarify whether ongoing
subclinical seizures underlay the observed delay in postictal
heart rate return to baseline.

In conjunction with monitoring peri-ictal and ictal heart
rate, the authors made an interesting and important obser-
vation of progressive structural and functional cardiac
changes in the chronic phase of the model epilepsy. By 10
weeks post KA-induced status epilepticus (SE), cardiac
echocardiogram showed a significantly lower left ventricular
(LV) mass and thinner LV posterior wall initially suggesting
the possibility of LV dilatation or a diastolic failure. How-
ever, contrary to these assumptions, the investigators also
observed a smaller LV diameter in diastole. Since the relative
wall thickness, a ratio of the LV posterior wall diameter and
LV internal diameter during diastole were not different be-
tween epileptic animals and controls, the abnormalities
pointed towards a functional impairment of LV relaxation and
filling, as also evidenced by the simultaneous 15% decrease
in ejection fraction (EF). Moreover, decreased EF corre-
sponded to seizure burden and the most affected animal had
the lowest EF at 57.5%. These findings paralleled changes
observed in the hearts of patients with TLE that manifested
increased LV stiffness and filling pressures, albeit EF was
either preserved or non-significantly lower.9,10 Still, patients
with TLE showed significantly higher burden of echocar-
diographic findings associated with sudden death, such as a
dilatation of the left atrium10 not reported in the chronically

epileptic rats in the study by Powell et al. The absence of this
change may be due to the type of epilepsy model or because
of a relatively short length of follow up. In humans, left
atrium dilatation was observed rather early in patients with
generalized tonic-clonic seizures (mean age 25.2+/�9.3
years) but in relatively older patients with TLE (37.4+/�11.2
years of age).10 Myocardial fibrosis is another often reported
finding in sudden cardiac death and SUDEP.11 It occurs as a
consequence of myocardial stress leading to necrotic death of
cardiomyocytes and their replacement with a fibrotic scar and
is considered a risk factor for heart failure, arrhythmic events,
and sudden death.12 In the KA-induced TLE model of Powel
et al, the burden of cardiac fibrosis positively correlated with
seizure frequency and this finding aligns with observation in
a DBA1 mouse model. Curiously, careful postmortem
evaluation of cardiac samples from SUDEP cases showed a
comparable extent of this cardiac pathology to matched cases
that died due to trauma.11,13 and the sample size did not allow
to control for possible confounding factors (hypertension,
diabetes, and others) that could trigger myocardial fibrosis
and thus obscure potential difference. Adult myocardium has
limited regenerative capacity and cardiac fibrosis is a non-
specific reparative response to varied insults aimed to pre-
serve a structural integrity of the heart.14 However, it comes
at a cost of increased risk for adverse outcomes and animal
models, such as the KA-induced TLE may be useful to study
preventative interventions. As the study in the KA-induced
TLE model suggests the risk for sudden cardiac failure in
epilepsy is modulated by a combination of cardiac structural
pathology, functional deterioration, and chronic autonomic
dysfunction reflective of increased sympathetic tone and
these findings parallel previously published clinical data.9,10

Another important contribution of the study by Powell et al is
the connection of the observed structural and functional
myocardial changes on the organ level with an evaluation at a
cellular level. The authors documented altered diastolic prop-
erties of cardiomyocytes from epileptic rats. They were shorter,
thinner, and impaired in their relaxation and showed a corre-
sponding decrease in Ca2+ reuptake into sarcoplasmic reticu-
lum. This is an important observation, as similar analysis in
living patients would be challenging. Further experimental
studies will be important to elucidate mechanisms leading up to
these cellular changes.

In conclusion, the work by Powell et al delivers experimental
confirmation of published findings related to autonomic dys-
function and cardiac structural and functional changes that were
previously observed in patients with chronic TLE. As pro-
spective probing of cardiac structure and function at an organ or
cellular level is challenging, model systems are indispensable
when attempting to understand pathophysiology of processes
facilitated by chronic epilepsy and predisposing to arrhythmic
events or sudden cardiac death. Prior work in animal models of
chronic epilepsy has shown transcriptomic changes leading to
acquired channelopathies and to receptor dysregulation in re-
sponse to recurrent seizures and resultant increased sympathetic
tone.15 Future research will be necessary to fully elucidate the

182 Epilepsy Currents 22(3)



cascade of cardiac and autonomic molecular and cellular events
launched by recurrent seizures and to identify points of inter-
vention to ameliorate the all too high risk of premature mortality
in epilepsy.
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