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ABSTRACT

Sudden unexpected death in epilepsy (SUDEP) refers to unpredictable demise of a person following a seizure. Electroencephalograms

can directly measure electrical activity in the brain; however, it cannot predict when seizures will occur. The use of electrocar-

diograms (ECGs) to monitor changes in brain electrical activity has gained attention, recently. In this case report, we retrospec-

tively reviewed ECGs taken before and after seizure activity in a 75-year-old male who had a remote subarachnoid hemorrhage.
Interestingly, U-waves appeared prior to his seizures and disappeared afterward, which suggests ECGs can be used to predict

epilepsy in a certain population.

1 | Case Presentation

A 75-year-old male had suffered from a traumatic subarachnoid
hemorrhage (SAH) due to fall at the age of 57years. Following
SAH, he had two presyncopal episodes at the age of 62 and
65years and had been treated with valproic acid since the sec-
ond presyncopal episode that was diagnosed as a partial sei-
zure. In his 50s, he underwent elective percutaneous coronary
intervention (PCI) of the right coronary artery for stable angina
pectoris. There were no electrocardiographic changes including
U-waves prior to or following the PCI.

He had a tonic—clonic seizure during a routine outpatient clinic
visit at age 70years. His head CT showed low-density lesions
in the frontal lobes (Figure S1A). His ECG that was taken
1month prior to this seizure activity showed “tee-pee sign”
(Johri et al. 2009) in leads V, ¢ (Figure 1 left panel). He was

treated with diazepam and oral valproic acid was replaced with
levetiracetam was started. His ECG immediately after the sei-
zure episode still showed some tee-pee sign but it disappeared
5months later.

Another tonic-clonic seizure occurred at age 71years. He was
treated with a diazepam injection (5mg) followed by a leveti-
racetam drip (1000 mg/h). He stopped seizing within 5min. His
head CT scan showed low-density lesions in the frontal lobes
like his previous CT (Figure S1B). He was admitted for obser-
vation, and an informed consent was obtained. Figure 2 shows
chronological changes in the precordial ECG leads before and
after the seizure. The ECG taken 10days prior to the seizure ep-
isode (first panel) showed U-waves in leads V, .. The U-waves
became more prominent immediately after the episode (second
panel). Though the U-waves were still observed 5months after
the episode, the amplitudes became lower (third panel). The
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FIGURE1
dotted lines are tangent lines on the T-waves.

| Series of electrocardiograms (ECGs) taken before and after the first seizure attack. The patient had an attack on 9/27/2018. The blue
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FIGURE 2 | Series of electrocardiograms (ECGs) taken before and after the second seizure attack. The patient had attack on 11/5/2019 (second
left). The blue arrows indicate the U-waves; The blue dotted lines (11/5/2019) show the baseline and the peaks of T- and U-waves.

U-waves disappeared 6 months later (fourth panel). Table 1 sum-
marizes the ECG parameters on each date. He did not have any
seizure or syncopal episodes after this event. He did not have
any abnormal blood chemistry values associated with U-waves
at the time the ECGs were obtained (Table 2).

2 | Discussion

Patients with epilepsy syndromes often show abnormal ECG
patterns such as ST-T changes including Brugada pattern
and QT-prolongation (Hayashi et al. 2019). Our recent study
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TABLE1 | Electrocardiograms (ECGs) parameters.

Date Seizure HR (bpm) QT (ms) QT (Bazett) QT (Framingham) U/T ratio
8-27-2018 Before 127 320 466 401 NA
9-27-2018 Attack 100 320 413 382 NA
2-18-2019 After 73 380 419 407 0.07
10-26-2019 Before 55 440 421 426 0.10
11-5-2019 Attack 70 400 432 422 0.24
4-13-2020 After 73 400 441 427 0.4
6-8-2020 After 127 360 524 441 NA

Note: The ECG parameters were measured in V, (two examiners’ agreement). The measurement methods were described elsewhere (Mori et al. 2021). QT, intervals
were corrected by Bazzet formula (QT/RR intervals”0.5) and Framingham formula (QT,= QT +0.154 (1 —RR)). U/T ratio was calculated by dividing the U-wave
amplitude by the T-wave amplitude; NA, U-wave amplitudes could not be measured due to “tee-pee-pattern” or U-waves did not appear.

Abbreviations: HR, heart rate (beat/min); QT, QT interval.

TABLE 2 | Blood test data.

10-26- 5-11-2019 4-13- 6-8-
2019 (attack) 2020 2020
Lactate (mg/dL) NA 21.3 NA 22.9
BE (mEq/L) NA -0.6 NA  -43
pH (venous) NA 7.343 NA 7.366
WBC (x10%/L) 6.6 5.9 7.7 12.3
CK (g/dL) 274 181 315 648
Na (mEq/L) 141 144 141 140
K (mEq/L) 4.2 4 43 4.2
Cl (mEq/L) 104 104 104 106
Ca (mg/dL) NA 8.6 NA 8

Note: NA represent data were not available.

demonstrated that post icteric QT intervals were significantly
prolonged in patients who had remote brain abnormalities such
as cerebral infarction, cerebral bleeding, and SAH compared
to the patients without structural brain abnormalities (Mori
et al. 2021). Although it is particularly important to predict sei-
zure activity to prevent sudden unexpected death in epilepsy
(SUDEP), we still do not know whether chronological changes
in ECG parameters can be used to monitor patients with epi-
lepsy. In our previous study, no patients showed cardiac ar-
rhythmia during and after seizure episodes. One patient died
suddenly 3days after a seizure episode. His ECG only showed
some notching in the beginning portion of the ST segment (Mori
et al. 2021).

In our patient, U-waves appeared 10-30days before the sei-
zure episode. The U-waves then disappeared several months
later. Though U-waves are mostly associated with electro-
lyte abnormalities such as hypokalemia (Johri et al. 2009),
electrolytes were within normal range in our patient. It has
been also reported that U-waves can be associated with
stretch-induced delayed after depolarizations during rapid
ventricular filling in the setting of increased adrenergic tone

(Eyer 2015). This resembles the ECG changes observed in the
acute phase of cerebral bleeding, subarachnoid hemorrhage
(SAH) (Chatterjee 2011; Weintraub and McHenry Jr. 1974),
and cerebral infarction (Komatsuzaki et al. 2021; Laundon and
Littmann 2019). Specifically, De Swiet observed small U-waves
in the precordial leads (V,_¢) of a 71-year-old female patient
who suffered from SAH. Since the patient had deceased in
acute phase, we do not know how the U-wave changed in her
chronic phase (De Swiet 1969).

Although various methods have been tested to monitor neuro-
cardiological signals (Ghaempour, Hassanli, and Abiri 2024), U-
waves can be considered as a potential marker to predict seizure
episodes in epileptic patients with structural brain diseases. We
are planning to accumulate more data to investigate which pa-
rameter is useful in predicting epileptic attacks (e.g., U-wave/T-
wave ratio).

3 | Limitation

Since this is a retrospective study, we did not monitor ECGs con-
tinuously. Thus, we do not know the exact duration when the pa-
tient showed U-wave. However, it is reasonable to speculate that
he might have been more susceptible to having seizure attack
while he was showing U-waves, although further prospective
studies are warranted.
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