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1. Introduction

Repetitive transcranial magnetic stimulation (rTMS) therapy is
being increasingly used in various neuropsychiatric conditions.
The literature suggests accidental induction of seizure as the most
serious adverse effect of rTMS. Several incidents of seizure induc-
tion were reported before the establishment of safety guidelines
for TMS parameters (Wassermann, 1998; Rossi et al., 2009).
However, after the publication of updated safety guidelines
(Rossi et al., 2009), only two cases have been reported, where
rTMS was found to be within the safety framework. One case
was reported in a patient with no predisposing condition
(Edwardson et al., 2011), whereas the other had multiple risk fac-
tors (Gómez et al., 2011). Both the patients were receiving high-
frequency rTMS. Low-frequency rTMS has been postulated to be
beneficial in reducing the frequency of seizures in patients having
epilepsy (Bae et al., 2007). To the best of our knowledge, no case of
seizure has been reported to be associated with low-frequency
rTMS, since the updated guidelines were published.

In this article, we report a case of late seizure precipitation in a
post-stroke patient receiving low-frequency rTMS.

2. Case report

Mr. IA, a 48-year-old male suffered an ischemic infarct of the
middle cerebral artery, involving the left frontal lobe and left oper-
culum, 4 months ago. He reported slurred speech and right-sided
hemiplegia, which gradually improved to some extent over the
next few months. He had been compliant with the medication as
advised and undergoing physiotherapy.

The patient was diagnosed with type II diabetes mellitus
6 years ago, and he was initiated on glimepiride 3 mg and met-
formin 1 g, one tablet each daily. He was operated for deep-vein
thrombosis about 1.5 years ago. He developed foot drop 6 months
ago, after wound debridement of the right lower limb infected
with gangrene. A 2D echocardiogram of the patient showed a sev-
ere left ventricular dysfunction, ejection fraction (25–30%), moder-
ate mitral regurgitation, and akinetic left anterior descending and
right coronary artery territory. He was taking atorvastatin 20 mg
and warfarin 2 mg one tablet each daily, together with antidiabetic
medication.

The patient never reported any loss of consciousness, altered
sensorium, or seizure in the past. There was no family history of
seizure or other neuropsychiatric disorders.

The patient was recruited to an ongoing randomized control
study to assess improvement in motor and cognitive functioning
Published by E
and disability. The study was also conducted to observe changes
in BDNF levels of a patient with acute ischemic stroke receiving
real or sham rTMS and undergoing physiotherapy at the same
time. Mr. IA was recruited in the real rTMS arm.

We used a Magstim Rapid2 TMS device with a 70-mm
figure-of-eight air-film coil delivering single pulses. The resting
motor evoked potential (MEP) was determined using an elec-
tromyogram, recording from the left-sided abductor pollicis brevis
in accordance with the International Federation of Clinical
Neurophysiology (IFCN) recommendations (Rossi et al., 2009).
The resting motor threshold (RMT) was defined as the minimum
stimulus intensity that produced an MEP (about 50 lV in five out
of 10 trials) at rest. The RMT was 82% of the maximum stimulator
output. The simulation parameters used were 1-Hz frequency,
stimulation intensity at 110% motor threshold, 10-s train duration,
75 trains per session, and 45-s inter-train interval (total 750
pulses). The coil was placed over F4 of the 10–20 electrode system,
which is thought to correspond to the right dorsolateral prefrontal
cortex. Mr. IA underwent four sessions of real rTMS (including a
mapping session) daily in the afternoon with the same parameters.

About 18 h after the fourth session and about 1 h after waking
from sleep in the morning, Mr. IA developed an episode of gener-
alized tonic–clonic movement of the body with deviation of head,
clenching of teeth, and bleeding from mouth lasting for about 40 s,
followed by loss of consciousness. After regaining consciousness,
he remained disoriented for few minutes before completely
regaining his faculties. There was a large laceration on the left side
of the tongue. He did not experience any bowel or bladder incon-
tinence, and no metabolic derangements were observed on bio-
chemical investigations (including blood glucose levels).

Electroencephalography (EEG) revealed a background activity
consisting of 8–9-Hz, 30–50-lV posterior dominant alpha activity
and the presence of rhythmic slowing delta waves of 2–3 Hz and
15–20 lV in the fronto-central region of the left hemisphere, sug-
gesting abnormal findings with left fronto-central slowing.
Computerized tomography (CT) scan of the brain did not reveal
any newer changes.

The patient was initiated on phenytoin 300 mg once daily after
neurology consultation, and further rTMS was withheld.
Subsequently, he reported having another seizure after 2 months,
when he missed the phenytoin dose.

3. Discussion

Almost all the TMS-induced seizures reported till date are asso-
ciated with high-frequency rTMS, during or immediately after
stimulation. However, few cases have been reported on seizures
associated with low-frequency TMS (Tergau et al., 1999;
Theodore et al., 2002; Schrader et al., 2005; Nowak et al., 2006)
or presented late after stimulation (Homberg and Netz, 1989;
lsevier Ireland Ltd. All rights reserved.
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Kandler, 1990). All these cases were reported before the updated
safety guidelines were published (Rossi et al., 2009).

Researchers suggest the use of low-frequency rTMS in the man-
agement of epilepsy with varying results (Bae et al., 2007; Sun
et al., 2012), and it has also been safely used in stroke patients
(Carey et al., 2008). In patients with epilepsy treated with
low-frequency rTMS, it has been observed that the in-session
seizures are similar in semiology to the patient’s habitual seizures,
equal to or shorter in duration than baseline seizures, and they do
not affect the overall neurological outcome or clinical response to
rTMS (Rotenberg et al., 2009).

Several mechanisms have been proposed explaining induction
of seizures with TMS, such as excessive activation of pyramidal
cells, cortical spread of excitation to neighboring neurons, and/or
overwhelming of inhibitory mechanisms (Daskalakis et al., 2005).
It has been speculated that an enduring change in neural activity
may be established by TMS, particularly in repetitive type rather
than single-pulse TMS (Anand and Hotson, 2002).

The effect of low-frequency rTMS has been shown to modify
depending on the preexisting state of cortical excitation. It was
observed that the application of transcranial direct current stimula-
tion (tDCS) to change the baseline motor cortex excitability before
administrating 1-Hz rTMS displayed a homeostatic effect: rTMS
reduced corticospinal excitability when prior anodal tDCS increased
it (‘‘facilitatory preconditioning’’), whereas the rTMS increased cor-
ticospinal excitability when prior cathodal tDCS decreased cortical
excitability (‘‘inhibitory preconditioning’’) (Siebner et al., 2004).
Studies also suggest that the aftereffects of tDCS are different
between patients with stroke and healthy individuals. Although
both anodal and cathodal tDCS increased the affected motor cortex
excitability in patients with stroke, they increased and decreased
the excitability in healthy individuals, respectively (Suzuki et al.,
2012). A similar phenomenon has been observed in patients with
juvenile myoclonic epilepsy (JME) depending upon the plasma con-
centration of valproate. A reduction of the corticospinal excitability
was observed after applying 1-Hz rTMS in JME patients with low
plasma concentration of valproate, whereas high plasma concentra-
tion of valproate resulted in an opposite effect, that is, an increase in
the corticospinal excitability (Fregni et al., 2006).

Low-frequency rTMS was delivered to the hemisphere con-
tralateral to the ischemic lesion in the patients. Another hypothesis
could be that low-frequency rTMS could have suppressed an inhi-
bitory influence from the intact, right hemisphere to the hyperex-
citable, damaged left hemisphere.

Another reason for the increased risk of induction of seizure
may be ascribed to a falsely large MEP generation during mapping,
leading to a stronger-than-needed protocol intensity threshold
value (Edwardson et al., 2011).

The presence of generalized tonic–clonic movement of body,
clenching of teeth, tongue laceration, head deviation, loss of con-
sciousness, and a postictal state in the patient indicates this epi-
sode was a generalized tonic–clonic seizure. The EEG findings
further support the observation. No new changes in the CT brain
scan were observed, refuting any structural cause. Family-tree
assessment did not reveal any significant association of seizure
with the family. The metabolic parameters were within normal
limits, including blood glucose levels, excluding the possibility of
hypoglycemia-induced seizure, as he was known to have diabetes.
However, considering the delay of seizure onset relative to rTMS
and the occurrence of the subsequent second seizure, the possibil-
ity that this was a perfect coincidence cannot be excluded, given
also the relatively high rate of late seizures (3–67%) in post-stroke
patients (Camilo and Goldstein, 2004). This demonstrates that, in
future, one should be careful toward late emergence of seizure in
stroke patients treated with low-frequency rTMS.
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