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1 | INTRODUCTION

Takotsubo cardiomyopathy (TCM) is an acute revers-
ible ventricular dysfunction that often causes QT inter-
val prolongation, which can lead to a fatal arrhythmia.!
Glycyrrhiza uralensis (licorice in English; kanzo in
Japanese) is one of the components of Kampo drugs,
which are often used for the treatment of various dis-
eases in older patients (Figure 1A-1C). Long-term use of
licorice can initiate pseudoaldosteronism, mainly mani-
festing as severe hypokalemia leading to QT interval pro-
longation.” Yokukansan (TJ-54), which consists of seven
dried herbs, including licorice, is reportedly effective for
dementia, insomnia, and schizophrenia (Figure 1D).**
Moreover, polypharmacy, an unresolved issue in the aging
population, is associated with drug side effects, including
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Takotsubo cardiomyopathy (TCM) causes QT interval prolongation, potentially
leading to a fatal arrhythmia. We report the first case of TCM associated with
licorice-induced pseudoaldosteronism causing fatal arrhythmia in an older patient
on polypharmacy including yokukansan (TJ-54) and galantamine. Polypharmacy
should be resolved to prevent unexpected adverse events in older patients.
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fatal arrhythmia due to QT interval prolongation.” We
herein report a cautionary case of licorice-induced pseu-
doaldosteronism that precipitated the onset of TCM and
subsequent fatal arrhythmia in an octogenarian patient on
polypharmacy.

2 | CASE REPORT

An 84-year-old woman with a history of old cerebral in-
farction and Alzheimer-type dementia was brought to
our emergency department because of anorexia and body
weakness that persisted for 1week, progressively wors-
ening dyspnea at rest, and subsequent somnolence. The
patient had a history of long-term use of several medica-
tions for her comorbidities: aspirin (100mg/day) for old
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Bupleurum falcatum L. 2
Glycyrrhiza uralensis (kanzo) 1.5

FIGURE 1 Licorice and yokukansan (TJ-54). An image of (A) Glycyrrhiza uralensis and (B, C) Kanzo. (D) Yokukansan (TJ-54) consists
of seven dried herbs, including Poria cocos Wolf., Atractylodes lancea DC., Angelica acutiloba L., Uncaria rhynchophylla Schreb., Cnidium

officinale Makino, Bupleurum falcatum L., and Glycyrrhiza uralensis, in a ratio of 4:4:3:3:3:2:1.5, respectively. Images of (A) and (C) are
provided by TSUMURA & CO. (©2022 TSUMURA & CO. All Rights Reserved)

cerebral infarction, vonoprazan (10 mg/day) for chronic
gastritis, galantamine (8 mg/day), memantine (10 mg/
day), ramelteon (8 mg/day), and yokukansan (contain-
ing 1.5 g of licorice) for Alzheimer-type dementia and its
related symptoms. The patient had been taking meman-
tine, galantamine, and yokukansan for 4 years, 9 years, and
more than 10years, respectively. In contrast, she had been
taking other medications for at least more than 3years. On
arrival at the emergency department, her blood pressure
was 154/80mmHg, heart rate was 100bpm, and percuta-
neous oxygen saturation was 98% under an oxygen sup-
plementation of 5 L/min. The patient had orthopnea, and
physical examinations showed bilateral inspiratory crack-
les and pedal edema, suggesting acute decompensated
heart failure (HF) (New York Heart Association functional
class IV). Laboratory tests revealed mild respiratory acido-
sis with metabolic alkalosis (pH, 7.35; pCO,, 65.8 mmHg;
pO,, 110.0mmHg; HCO;~ 37.3mmol/L), severe hypoka-
lemia (potassium, 1.4mmol/L; normal reference, 3.5-
5.0mmol/L), hypomagnesemia (magnesium, 0.49 mmol/L;
normal reference, 0.74-1.07mmol/L), and elevated tro-
ponin-T levels (0.205ng/mL; normal reference, <0.014ng/
mL). Chest radiography revealed bilateral pleural effu-
sions and cardiomegaly (Figure 2A). Electrocardiography
(ECG) showed sinus rhythm and corrected QT interval
prolongation (QTc, 464 ms; reference interval in females,
300-450ms) with ST-segment slight elevation in leads V1-
V3 (Figure 2B). Transthoracic echocardiography showed
severe hypokinesis in the apical left ventricle and hyper-
kinesis in the basal left ventricle (Figure 2C). To inves-
tigate the cause of myocardial dysfunction, emergency
coronary angiography (CAG) was performed; however,

no significant stenosis was observed in the coronary arter-
ies. Left ventriculography confirmed severe hypokinesis in
the left apical ventricle (left ventricular apical ballooning).
Accordingly, these findings are consistent with a diagnosis
of TCM, although she had no history of emotional stress
prior to her symptoms (Figure 2D,E). Right heart catheter-
ization revealed a low cardiac index of 1.3 L/min/m? and
elevated pulmonary capillary wedge pressure of 22 mmHg,
which confirmed HF due to TCM-induced low cardiac
output. Additional laboratory tests for investigating causes
of severe hypokalemia showed significant suppression of
plasma renin activity (<0.5 ug/L/h) and plasma aldoster-
one concentration (<69.35pmol/L). Considering a history
of long-term intake of licorice-containing Kampo drugs,
pseudoaldosteronism caused by licorice was believed to
be the main cause of severe hypokalemia. Therefore, these
clinical scenarios suggest that licorice-induced pseudoal-
dosteronism progressively developed and subsequently
caused TCM-related acute decompensated HF.

As QT interval prolongation and concomitant prema-
ture ventricular contractions (PVCs) had already been
observed since her admission, intravenous potassium and
magnesium were immediately administered to prevent
fatal arrhythmia (Figure 3A). Although PVCs improved,
ST-segment elevation with QT interval prolongation pro-
gressively worsened (Figure 4). Subsequently, polymor-
phic ventricular tachycardia (VT) with torsade de pointes
(TdP) suddenly occurred, followed by cardiogenic shock.
Although supportive therapy using noradrenaline was
administered, it was difficult to treat the fulminant TCM
with medication alone (Figure 3B). Further interventions,
including mechanical circulatory supports (MCSs), such
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FIGURE 2 Acute decompensated heart failure due to Takotsubo cardiomyopathy. (A) Chest radiography showing bilateral pleural
effusions and cardiomegaly. (B) Electrocardiogram on admission showing QT interval prolongation with ST-segment elevation in leads
V1-V3. (C) Transthoracic echocardiography shows hypokinesis in the left apical ventricle and hyperkinesis in the basal left ventricle (red
arrows). (D) Coronary angiography shows no significant stenosis in coronary arteries. (E) Left ventriculography showing severe hypokinesis

in the left apical ventricle, suggestive of Takotsubo cardiomyopathy
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FIGURE 3 Patient's clinical time course. (A) Clinical time course. Severe hypokalemia was treated by intravenous potassium administration
to stabilize the potassium level to approximately 3.0-3.5mmol/L; however, Torsade de pointes intermittently occurred 18 h after hospitalization,
and subsequent cardiogenic shock developed. The potassium level gradually elevated as cardiogenic shock developed. (B) Electrocardiogram
showing TdP. pH, potential of hydrogen; K, serum potassium level; HR, heart rate; sBP, systolic blood pressure; TdP, torsade de pointes

as percutaneous left ventricular assist device (Impella) and
veno-arterial extracorporeal membrane oxygenation, were
not performed. This is because the patient had given a di-
rective beforehand (prior to the progression of dementia)

that she did not want to receive any life-prolonging treat-
ment, which her family agreed with. The patient died of
TCM-related fatal arrhythmia of intractable VT, 24 h after
admission.
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FIGURE 4 Serial electrocardiogram findings. (A)-(D) Electrocardiogram (ECG) before and after the onset of arrhythmic events. ECG
performed (A) 1 h before the onset of TdP (17h after admission), (B) 30 min before the onset of TdP (17.5 h after admission) (C), just after
Tdp onset, and (D) 1 h after the onset of TdP (19h after admission). Serial ECG shows the occurrence of drastic ST-segment elevation,
subsequent giant T wave inversion, and right bundle branch block. QTc, corrected QT interval prolongation; TdP, torsade de pointes

3 | DISCUSSION

TCM is characterized by stress-induced transient ventricu-
lar dysfunction caused by various physical and emotional
triggers. Many studies have shown that TCM precipitated
by either physical or unidentified triggers has poorer short-
and long-term cardiovascular outcomes than TCM precip-
itated by emotional triggers.® Furthermore, recent studies
have shown that endocrine disorders, such as hyperthy-
roidism, pheochromocytoma, and primary aldosteronism,
are associated with TCM onset.” The patient had been tak-
ing yokukansan, a licorice-containing (1.5 g/day) Kampo
drug, for over 10years. According to the Japanese Adverse
Drug Reports Database, yokukansan is associated with a
low incidence of side effects.” Pseudoaldosteronism is a
significant side effect of licorice-containing Kampo drugs,
which mimics primary hyperaldosteronism.” Although
yokukansan is an effective Kampo drug for behavioral
and psychological symptoms of dementia (BPSD), it has
a higher risk of causing pseudoaldosteronism than other
licorice-containing Kampo drugs. Moreover, the risk fac-
tors for yokukansan-related pseudoaldosteronism are as
follows: high licorice dose, older age (age> 70years), de-
mentia, and low body weight (<50kg).? In the present
case, the patient had been taking yokukansan for BPSD
for more than 10years, and the condition had been well
controlled; however, the patient eventually developed all
the abovementioned risk factors for yokukansan-related
pseudoaldosteronism. The mechanism underlying pseu-
doaldosteronism is that excessive intake of licorice can
result in excess cortisol by inhibiting 11p-hydroxysteroid
dehydrogenase type 2 (11fHSD2), an enzyme that inac-
tivates cortisol.® Moreover, the accumulation of activated
cortisol subsequently triggers the activation of miner-
alocorticoid receptors (MRs) and glucocorticoid recep-
tors, potentially leading to cardiovascular events even in

patients with normal or low serum aldosterone levels.’™

As TCM is reportedly caused by myocardial damage via
activation of MRs that lead to sympathetic nerve activa-
tion, we believe that an apparent activation of MRs caused
by the inhibition of 11pHSD2 in pseudoaldosteronism
may be associated with the onset of TCM.'* As the patient
had no history of emotional stress before admission in this
case, these findings led us to speculate that TCM might be
triggered by an activation of MRs or physical stress caused
by licorice-induced pseudoaldosteronism. Although sev-
eral cases demonstrating a potential association between
pseudoaldosteronism and reversible secondary cardio-
myopathy have been reported, to the best of our knowl-
edge, this is the first case showing a potential association
between licorice-induced pseudoaldosteronism and TCM
onset.'*'* Therefore, further investigations regarding the
relationship between pseudoaldosteronism and TCM are
warranted.

Fatal arrhythmia caused by QT interval prolongation
is also a prognostic factor for TCM.! In this case, QT inter-
val prolongation had already been observed in the early
TCM stage. Although it was difficult to determine the pre-
cise causes of QT interval prolongation, several potential
causes, except for TCM, such as pseudoaldosteronism-
related severe hypokalemia and galantamine side ef-
fects, could be considered. Firstly, although potassium
and magnesium levels were adequately adjusted, dras-
tic changes in ECG abnormalities were observed. Thus,
careful monitoring of ECG abnormalities related to QT
interval prolongation should be conducted during the
adjustment of electrolyte abnormality. Secondly, acetyl-
cholinesterase inhibitors, such as galantamine and done-
pezil, are often used for the treatment of Alzheimer-type
dementia, and these medications can induce QT inter-
val prolongation and TdP due to excessive drug efficacy
under various conditions.">'® Since continuous drug
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intake without sufficient food intake potentially triggers
excessive drug efficacy, one-week persistent anorexia and
subsequent acute renal insufficiency might have con-
tributed to elevated galantamine concentration, leading
to acquired QT interval prolongation in this case. Thus,
more attention should be paid to resolving the issue of
polypharmacy because severe cardiac events could be
provoked in TCM cases with acquired multifocal QT in-
terval prolongation.

In fulminant TCM cases that result in cardiogenic
shock, MCSs, including a percutaneous left ventricular as-
sist device (Impella) or veno-arterial extracorporeal mem-
brane oxygenation, are reportedly effective.'’ However,
invasive treatments with MCSs are difficult or potentially
unacceptable in older patients because of their generally
reduced physiologic reserves and comorbidities, as shown
in the present case. Thus, TCM cases with concomitant
multifactorial QT interval prolongation should be care-
fully managed to prevent fatal arrhythmia.
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