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Abstract

Sudden unexpected death in epilepsy (SUDEP) has been defined as a sudden/unexpected, witnessed/unwitnessed, non-
traumatic, and nondrowning death in epileptic patients with/without seizure evidence and documented status epilepticus.
Identified as the leading cause of epilepsy-related deaths, SUDEP cases are highly unrecognized and underreported due to
diagnostic difficulty. We report a case of a successfully revived hemodialysis patient who developed cardiopulmonary arrest
after a witnessed convulsive seizure. Electroencephalogram revealed epileptic abnormalities. Therefore, this case could be
seizure-induced cardiopulmonary arrest and near-SUDEP. Hence, the possibility of SUDEP should be considered even in
hemodialysis patients having conventional coronary risk factors for sudden cardiac death.
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Introduction

Sudden death (SD) is considered a common occurrence in
patients undergoing hemodialysis (HD) [1]. Recent studies
show that 13—-16% of all deaths in Japanese HD patients
were due to SD [2, 3]; this indicates that SD is now more
common even in the Japanese dialysis clinical setting than
previously believed [4]. HD patients are determined to be at
an increased risk for SD due to several reasons. Although
these patients often suffer from coronary artery disease and
cardiomyopathy, which are considered well-known risk fac-
tors for SD [5], there is still a lack of evidence directly sup-
porting their relationship with SD due to the difficulty in
determining the cause of SD.

Sudden unexpected death in epilepsy (SUDEP) typically
refers to a sudden, unexpected, witnessed or unwitnessed,
nontraumatic, and nondrowning death, occurring in healthy
conditions, in an individual with epilepsy with or without
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evidence for a seizure and excluding a documented status
epilepticus, and where the postmortem examination does not
disclose a toxicological or anatomic cause for the death [6].
SUDERP is considered the primary but rare cause of deaths
in patients with epilepsy [7]. The incidence of SUDEP has
been reported to be 1.20/1000 person-years [8, 9], with only
a few cases of SUDEP being reported in HD patients till
date [10].

Herein, we report a rare case of witnessed SUDEP in an
HD patient who was successfully revived without complica-
tions via cardiopulmonary resuscitation (CPR).

Case report

A 40-year-old male patient presented to the emergency
department after a CPR was performed on him due to car-
diopulmonary arrest (CPA) that occurred after a seizure,
witnessed by his friend via videophone. He had been under-
going regular HD at another clinic for 3 years due to type
1 diabetes, and his condition had been reported to be sta-
ble the day before. He received insulin degludec, insulin
aspart, furosemide, precipitated calcium carbonate, dried
ferrous sulfate, ascorbic acid and calcium pantothenate,
ezetimibe, mosapride citrate hydrate, antibiotic-resistant
lactic acid bacteria, senna pods, sennoside, and fexofenadine
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hydrochloride. There was no history of oral theophylline or
high caffeine intake. He had no family history of epilepsy
and sudden unexpected cardiac or unexplained death. Past
electrocardiogram (ECG) did not indicate any arrhythmias.
During videophone with his friend, he noted his abrupt
involuntary movements of the left extremities just before
losing consciousness. Realizing that the situation was criti-
cal, his friend immediately called an ambulance. When the
ambulance staff arrived approximately 10 min later, an auto-
matic external defibrillator did not recommend defibrillation,
and the patient was already under asystolic cardiac arrest.
CPR was successful, and about 1 h later, the patient was
transferred to our hospital.

On arrival, his blood pressure was 156/111 mmHg, heart
rate was 77 beats/min regularly, and body temperature
was 34.7 °C. Physical examination revealed he was on an
unconscious state (Japan Coma Scale 300) and limb exten-
sion position. The auscultation findings of the chest and
lungs were determined normal, and no peripheral edema
was noted.

ECG revealed sinus rhythm at a rate of 61 beats/min
and QTc of 0.417 with no QT prolongation. There were ST
segment depression in leads I, II, and V3-V6 and ST seg-
ment elevation in lead aVR (Fig. 1). ECG revealed no left
ventricular wall motion abnormality with an ejection frac-
tion of 70%. Doppler images revealed only a mild tricuspid
regurgitation with a regurgitation gradient of 24 mmHg. An
arterial blood gas analysis has demonstrated severe meta-
bolic acidosis. The results of the laboratory tests performed
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on admission are presented in Table 1. Although his liver
function was found impaired, fasting blood sugar and elec-
trolyte levels remained normal. A urinary drug screening
test and blood cultures on admission disclosed negative find-
ings. Computed tomography revealed no abnormalities in
the brain, lungs, heart, liver, pancreas, or spleen, except for
bilateral kidney atrophy.

On admission, the patient suffered from repetitive
tonic—clonic seizures after the intramuscular administration
of diazepam. Thereafter, he was admitted to the intensive
care unit, where he was subsequently administered with con-
tinuous intravenous propofol and dexmedetomidine infusion.
His arteriovenous fistula was thrombosed due to the CPA,
and hence a temporary catheter was immediately inserted
followed by a continuous HD therapy and a ventilator for
synchronized intermittent mandatory ventilation.

On the second day of hospitalization, brain magnetic
resonance imaging (MRI) revealed no apparent high signal
area in the diffusion-weighted image (DWI), and magnetic
resonance angiography (MRA) also showed no large vessel
occlusion (Fig. 2). The propofol and dexmedetomidine infu-
sion treatments were discontinued on the following day, and
he spontaneously recovered from unconsciousness and with-
drew from ventilator support. During monitoring, his con-
sciousness was maintained in an alert state, and no cardiac
problem was detected. To determine the cause of the CPA,
the patient underwent a thorough diagnostic workup. Interic-
tal electroencephalogram (EEG) obtained on day 9 revealed
multiregional sharp waves and spike and wave complex over
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Fig. 1 Electrocardiographic (ECG) findings at the time of transport to the emergency room
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Table 1 Laboratory tests

Blood coagulation test

WBC 12.6x 103/uL
RBC 4.21x10%uL
Hg 13.5 g/dL
Ht 46.1%

Plt 270x 10%/pL
PT 9.6s

APTT 26.5s

Fbg 298 mg/dL
FDP 5.7 pg/dL
D-dimer < 1.0 pg/mL
Blood chemistry test

TP 6.9 g/dL
Alb 4.4 g/dL
T-Bil 0.3 mg/dL
AST 148 U/L
ALT 187 U/L
LDH 507 U/L
yGTP 9 U/L
Glucose 156 mg/dL
HbAlc 7.1%

CK 157 IU/L
CK-MB 38 IU/L
BUN 25 mg/dL
Cr 10.09 mg/dL
Na 146 mEq/L
K 3.2 mEqg/L
Cl 104 mEq/L
Ca 9.3 mg/dL
1P 3.4 mg/dL
CRP <0.09 mg/dL
Arterial blood gas (room air)

pH 7.25

PO, 86 mmHg
PCO, 45 mmHg
HCO;™ 12.3 mEqg/L
BE 25.0 mEq/L
Lac 19 mEq/L

WBC white blood cell, RBC red blood cell, Hg hemoglobin, Ht
hematocrit, Plt platelet, PT prothrombin time, APTT activated par-
tial thromboplastin time, Fbg fibrinogen, FDP fibrin/fibrinogen deg-
radation product, TP total protein, Alb albumin, 7-Bil total bilirubin,
AST aspartate aminotransferase, ALT alanine aminotransferase, LDH
lactate dehydrogenase, ALP alkaline phosphatase, yGTP y-glutamyl
transpeptidase, CK creatine kinase, CK-MB creatine kinase myocar-
dial band, BUN blood urea nitrogen, CRE creatinine, Na sodium, K
potassium, C! chloride, Ca calcium, IP inorganic phosphorus, CRP
C-reactive protein, BE base excess, Lac lactate

both hemispheres. The most active foci were located in the
right frontal (F4, F8) regions (Fig. 3). Considering his medi-
cal history, symptoms, and clinical and laboratory findings,
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it would appear that the generalized tonic—clonic seizure
associated with epilepsy caused the CPA. Then, the patient
was subsequently started on levetiracetam for secondary
prevention. Finally, he was discharged 16 days later without
any complications.

Discussion

We describe the case of a patient who suffered from a CPA
accompanied by a generalized tonic—clonic seizure. His
cardiological workup revealed normal results. With no
obvious cause and no other relevant preexisting conditions,
the asystole could be attributed to epileptic seizure. We
hypothesized that his seizure might have been associated
with “near-SUDEP” (defined as a patient with epilepsy who
survives resuscitation for more than 1 h after a cardiorespira-
tory arrest that has no structural cause identified after inves-
tigation) [11]. This would explain why he noted the seizure
just before losing consciousness and had the abnormality
found in his EEG.

SUDEP has been identified as one of the most frequent
causes of death among patients with epilepsy. However,
most of the cases are highly unrecognized and underreported
as 90% of SUDEP cases are unwitnessed [12]. Therefore, the
underlying pathophysiology remains incompletely under-
stood. It has been well described that seizures can induce
cardiac arrhythmias, leading to the hypothesis that SUDEP
could be caused due to a cardiac mechanism [13]. The most
common arrhythmia is sinus tachycardia, which accompa-
nies 90% of all seizures [14]. Asystole is uncommon and can
occur in approximately only 0.2%—-0.5% of seizures [15]; this
implies that the presence of ictal asystole could be associ-
ated with SUDEP [16]. Respiratory depression and apnea
occurring during and after a seizure have also been well
documented to explain the etiology of SUDEP, and these
abnormalities can develop severe obstructive apnea and pul-
monary congestion or edema, ultimately resulting in CPA. It
is unclear whether the present patient’s seizure-related asys-
tole accompanied the occurrence of the seizure or whether
it was secondary to apnea-related hypoxia because this was
a prehospital emergency case. On the other hand, SUDEP is
found to be generally unwitnessed, but when witnessed, most
of the studies have reported that the patients’ seizure type
is generalized tonic—clonic as in the present case [17]. The
MORTEMUS study has described that the peculiar pattern
of cardiorespiratory arrest in patients with SUDEP is the
alteration of severe cardiorespiratory function, which often
leads to death immediately after a generalized tonic—clonic
seizure [18].

The relationship between SUDEP and end-stage renal
disease (ESRD) remains to be poorly understood. However,
epilepsy and chronic kidney disease (CKD) are common
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Fig.2 Brain magnetic resonance imaging (MRI) on day 2 Brain magnetic resonance imaging (MRI) revealed no apparent high signal area in the
diffusion-weighted image (DWI) (a), and magnetic resonance angiography (MRA) showed no large vessel occlusion (b)
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Fig. 3 Electroencephalogram (EEG) on day 9 Electroencephalogram (EEG) revealed multiregional sharp waves and spike and wave complex
over both hemispheres. The most active foci were located in the right frontal (F4, F8) regions

chronic disorders with high mortality rates, and in general  risk for SD [10]. The incidence of seizure has been reported
HD patients and people with epilepsy are at an increased  to be approximately 10% in patients with CKD [19], and
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HD-associated seizure has been considered as a compli-
cation in HD patients. HD-associated seizure occurs in
7%-50% of patients with ESRD [20]. In parallel, the inci-
dence of SD in patients with CKD or ESRD is reported to
be high. Anemia, diabetes, ischemic disease, and acid—base
disorders are known to contribute to the increased vulner-
ability to SD in these patients [21]. Therefore, it appears rea-
sonable to assume that there would be more cases of SUDEP
in patients with CKD or ESRD. However, it is important to
note that SUDEP appears to be rare in patients with ESRD.
Gomes RA et al. retrospectively reported that SUDEP events
were found in 5 of 209 patients on HD. They concluded that
SUDERP is a rare event in people with ESRD [22].

There are also few case reports in which patients on HD
developed CPA due to SUDEP. In this present case, some
findings to explain the causal relationship. First, the patient’s
condition had been stable at the clinic. In HD patients, SD
could be induced by various factors such as the presence
or history of cardiovascular disease, the problem of fluid
volume, electrolyte disorder, and sympathetic overactivity
[23]. Thus, the onset of SD is determined to be most com-
mon in the first year or approximately 10 years after HD
initiation [3, 24]. The increased SD rate would be due to
the increased volume and potassium accumulated over a
longer weekend interval [25]. In fact, our patient received
treatment the previous day (on Tuesday), and there was no
risk for SD according to his laboratory and image data on
admission. His ECG and echocardiography also revealed
normal findings. Second, the patient had a witnessed gener-
alized tonic—clonic seizure and progressed to CPA caused by
asystole. In fact, cardiac arrest was recognized only by his
friend; hence, it was unclear whether it was a real seizure.
The repeated seizures identified during his hospitalization
could be explained by post-cardiac arrest syndrome. How-
ever, he told his friend that his left arm moved by itself,
after which he convulsed and lost consciousness. EEG dem-
onstrated multidomain sharp waves and spike-wave com-
plexes, primarily in the right frontal region (F4, F8), which
were well consistent with epilepsy. Furthermore, his EEG
revealed abnormalities despite good neurological recovery
after successful resuscitation. Therefore, we speculated that
this was a case of seizure-induced asystole and near-SUDEP.

SUDEP is considered as a SD that occurs in well-situated
patients with epilepsy. Risk factors for SUDEP include (i)
high seizure frequency, (ii) presence of tonic—clonic sei-
zures, (iii) multiple use of antiepileptic drugs, (iv) frequent
changes in medications, (v) neglect or abrupt discontinua-
tion of medications, (vi) lack of nocturnal surveillance, (vii)
long duration of illness, (viii) young adult age, and (ix) male
sex; however, these factors remain controversial [26]. It was
not clear if this patient satisfied the near-SUDEP definition
because the patient had no history of epilepsy. In other previ-
ous case reports, most patients with SUDEP suffered from
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chronic, intractable seizures that are uncontrollable and of
relatively long duration despite the use of antiepileptic drugs
[27]. In rare case, the patient with near-SUDEP had no his-
tory of epileptic seizures and only reported of the inability to
sleep well due to a burning sensation in the foot [28]. There-
fore, it can be speculated that SUDEP can occur early in
the course of epilepsy or even in patients with few seizures.

It is also unclear whether the cause of cardiac arrest in the
present patient was due to the cause of SD in type 1 diabetes.
There are five categories of causes of sudden death in type 1
diabetes: (1) ketoacidosis, (2) hypoglycemic brain damage,
(3) autonomic neuropathy, (4) dead in bed syndrome, and
(5) unknown causes [29, 30]. Although autonomic neuropa-
thy could not be ruled out as the cause of cardiac arrest in
this case, there were no episodes of orthostatic hypotension
or prolonged QT duration on ECG. Therefore, the clini-
cal course of the case suggests that the patient had cardiac
arrest due to the seizure and developed a condition similar
to near-SUDEP.

Coronary angiography should certainly be performed to
exclude coronary artery disease in such a case. However,
we did not perform coronary angiography in this patient
because his general and cardiac condition was good. Moreo-
ver, there was no enzymatic and echocardiographic evidence
of myocardial infarction in our patient. Hence, we did not
perform coronary angiography.

We support the recommendations to maintain a height-
ened suspicion for SUDEP in SD among patients on HD.
Both dialysis patients and people with epilepsy have extraor-
dinarily high mortality rates and increased risk for SD. In the
absence of cardiac abnormalities, we recommend combined
ECG and EEG monitoring in patients with cardiorespiratory
arrest. We have also confirmed that obtaining information
on the management of seizures in patients with CKD and
the possibility of SUDEP occurrence among patients with
ESRD is a must.
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