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Abstract A fatal case of intentional poisoning with two
antiarrhythmic agents, pilsicainide, a pure sodium channel
blocker, and atenolol, a selective β1 blocker, is presented.
Awoman in her twenties was found dead at home and empty
pill packages of pilsicainide, atenolol, and aspirin were found
near by. Hesitation marks were found on the wrist, and strong
fibrous degeneration was observed in the cardiomyocytes of
the sinoatrial node. The blood concentrations of pilsicainide
and atenolol were 7.83 and 4.94 μg/ml, respectively, both far
above the reported therapeutic levels. According to these
results, we concluded that death was due to cardiac arrhythmia
caused by poisoning with pilsicainide and atenolol. This is the
first report of fatal poisoning attributable to an overdose of
the combination of these two antiarrhythmic drugs.
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Introduction

Pilsicainide is a pure sodium channel blocking agent
developed in Japan [1], prescribed for the treatment of re-

entrant supraventricular and ventricular tachyarrhythmia.
Atenolol is a selective β1 adrenergic antagonist, prescribed
for the treatment of hypertension, ischemic heart disease,
and certain dysrhythmias [2]. Both pilsicainide and atenolol
have the potential to cause severe cardiac complications in
overdose according to the literature [3–16], but no case of
fatal poisoning has been previously reported for the
combination of these two drugs. We present here a fatal
case of combined, intentional poisoning of pilsicainide and
atenolol in an adult female with a literature review.

Case history

A woman in her twenties with a medical history of
depression was found at home in a state of cardiac
pulmonary arrest and death was confirmed on arrival at
hospital. Although she had no regular medication, packages
of pilsicainide (12 tablets×25 mg, total of 300 mg),
atenolol (six tablets×50 mg, total of 300 mg), and aspirin
(eight tablets×100 mg, total of 800 mg) were found empty
in her room. It was suspected that she had taken the tablets
from a medical clinic, where she worked as a clerical
assistant. She had no prior history of either cardiovascular
or cerebrovascular disease.

Autopsy findings

Gross findings

An autopsy was carried out 15 h after death. The decedent
was 144 cm in height and weighed 44 kg. Three parallel
superficial incisions were seen on the left wrist, which were
considered to be hesitation marks. Five pill residues were
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found in the stomach, and the legible letters written on the
tablets suggested that they were aspirin. The heart weighed
186 g and the left ventricle was slightly dilated. The
remainder of the external and internal examination revealed
a healthy individual.

Microscopic findings

The cardiomyocytes of the sinoatrial node showed strong
fibrous degeneration (Fig. 1). The coronary arteries were
free of atherosclerosis and the lungs showed severe
congestion and prominent edema, with collapse of alveolar
spaces. The kidneys showed focal interstitial nephritis but
no evidence of significant infectious destruction.

Toxicological examination

No alcohol or other volatile compounds in a blood
specimen were revealed by head space-gas chromatography
(GC) with a flame ionization detector. Drug screening for
acidic, neutral, and basic drugs and chemicals by gas
chromatography–mass spectrometry (GC–MS) and high
performance liquid chromatography (HPLC) using whole
blood and urine samples confirmed the presence of
pilsicainide and atenolol. Concentrations of pilsicainide
and atenolol in right and left heart blood and urine were
determined by GC–MS and HPLC, respectively with slight
modifications to previously published methods [17, 18].
The results are shown in Table 1. Post-mortem toxicology
did not reveal any other toxic substances, including
salicylate, a metabolite of aspirin.

Discussion

Antidepressants are often selected for intentional poison-
ings for their accessibility [19] and cardiovascular drugs are
not commonly associated with suicides in general. How-
ever, poisoning with cardiovascular drugs is often associ-
ated with significant morbidity and mortality [20].

Pilsicainide is a tertiary amine pyrrolizine analogue of
lidocaine [21], produced by the Biomedical Institute of
Suntory Limited, Japan. Therefore, to date, clinical data
regarding this drug have been limited to investigations in
Japan. It is considered highly effective and safe as it
specifically blocks sodium channels without interfering
with other channels [22]. Pilsicainide inhibits depolariza-
tion of non-nodal cardiomyocytes, slowing down the
regeneration and transmission of action potentials between
cells and reducing the conduction velocity of the heart. As a
result, it suppresses isolated ectopic beats and prolongs the
atrial effective refractory period to pharmacologically
terminate atrial fibrillation [22, 23]. Previous studies
reported that pilsicainide prolonged PQ and QRS intervals
in a dose-dependent manner [24]. In the few reported
clinical cases of pilsicainide intoxication, common electro-
cardiographic changes, such as PQ, QRS, and QTc
prolongation, some of them leading to atrioventricular
dissociation, Brugada syndrome such as ST-segment eleva-
tion, and idioventricular rhythm, have been observed [3–5].

Atenolol is a selective β1 adrenergic antagonist. The
very high blood concentration of the β-blocking agents
decreases sinoatrial node function, as well as automaticity,
contractility, and conduction velocity of the heart by
depressing membrane stability and blocking not only β
receptors but also sodium channels [25, 26], although these
phenomena are more prominent in lipophilic agents such as
propranolol than in hydrophilic agents including atenolol.
As a result, various cardiovascular dysfunctions, including
bradycardia, hypotension, high-degree blocks, junctional
rhythms, and intraventricular conduction delays, can be
present with increasing toxicity [27], which can result in
asystole.

The blood specimens in this case were obtained from
cardiac blood which could have been influenced by the
agonal flow towards the large vessels and the redistribution

Fig. 1 High-power view of the fibrous changes in the cardiomyocytes
of the sinoatrial node (Elastica–Masson staining ×40)

Table 1 The concentrations of pilsicainide, atenolol, aspirin (μg/ml)
detected in this case

Pilsicainide Atenolol Aspirin

Right cardiac blood 7.83 4.94 –
Left cardiac blood 8.01 5.58 –
Urine 8.33 4.55 –
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of basic lipophilic molecules from lung parenchyma and
stomach content [28]. However, no significant postmortem
change was seen in neither femoral nor cardiac blood
concentrations of atenolol, metoprolol, and propranolol in
the study by Pelissier-Alicot et al. [29]. It is therefore
considered that the blood concentrations of both pilsicai-
nide and atenolol at death are not significantly different to
the values obtained in our laboratory, 15 h postmortem.

The pathological findings of the decedent, including
congested and edematous lungs and the cardiac abnormal-
ities, are consistent with death attributable to drug poison-
ing. The fibrous degeneration of the sinoatrial node is most
likely to be congenital, as the decedent had no regular
medication to cause such a change and it does not result
from acute antiarrhythmic drug poisoning. However, it may
have contributed to the outcome such as hastening the
death. Tablet residues of aspirin were found in the gastric
content but had no effect on the death as neither the original
drug nor the metabolites were detected in blood or urine of
the decedent. It is therefore suspected that the decedent
ingested aspirin tablets shortly before death, several hours
after the ingestion of pilsicainide and atenolol.

Pilsicainide reaches average plasma peak concentrations
of 0.65 μg/ml within 1–2 h of a single oral dose of 100 mg,
whereas atenolol reaches 0.16 μg/ml within 2–3 h of a dose
of 50 mg in humans without renal dysfunction, according to
previous reports [30, 31]. The right cardiac blood level of
each drug in our decedent was 7.83 and 4.94 μg/ml,
respectively, which were both clearly consistent with an
overdose, and implied that she had taken at least all the
tablets left in her room at once. The concentrations of
pilsicainide and atenolol in urine were 8.33 and 4.55 μg/ml,
respectively, both close to those in blood. This indicates
that the victim was alive for several hours until both drugs
were absorbed, reaching an early stationary phase and then
excreted in the urine, as the average peak blood concen-
trations are reached 1–2 h after the ingestion of pilsicainide
and 2–3 h after the ingestion of atenolol [32, 33]. We
therefore concluded that death was due to cardiac arrhyth-
mia caused by the combined intoxication with pilsicainide
and atenolol.

The presented case is the first reported fatal poisoning
attributable to the combination of the two antiarrhythmic
drugs mentioned. Although there is a wide variability in
patient responses to antiarrhythmic drugs, it is indicated
that both pilsicainide and atenolol are potentially fatal in
overdose situations, even in young people.
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