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ABSTRACT

Introduction: Type 2 diabetes (T2DM) is asso-
ciated with cardiovascular death, including
sudden cardiac death due to arrhythmias.
Patients with an implantable cardioverter-

defibrillator (ICD) are also at high risk of
developing a clinically significant ventricular
arrhythmia. It has been reported that
sodium–glucose cotransporter 2 (SGLT2) inhi-
bitors can reduce cardiovascular deaths; how-
ever, the physiological mechanisms of this
remain unclear. It is, however, well known that
SGLT2 inhibitors increase blood ketone bodies,
which have been suggested to have sympatho-
suppressive effects. Empagliflozin (EMPA) is an
SGLT2 inhibitor. The current clinical trial titled
‘‘Placebo-controlled, double-blind study of
empagliflozin (EMPA) and implantable car-
dioverter-defibrillator (EMPA-ICD) in patients
with type 2 diabetes (T2DM)’’ was designed to
investigate the antiarrhythmic effects of EMPA.
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Methods: The EMPA-ICD study is a prospective,
multicenter, placebo-controlled, double-blind,
randomized, investigator-initiated clinical trial
currently in progress. A total of 210 patients
with T2DM (hemoglobin A1c 6.5–10.0%) will be
randomized (1:1) to receive once-daily placebo
or EMPA, 10 mg, for 24 weeks. The primary
endpoint is the number of clinically significant
ventricular arrhythmias for 24 weeks before and
24 weeks after study drug administration, as
documented by the ICD. The secondary end-
points of the study are the change from baseline
concentrations in blood ketone and cate-
cholamine 24 weeks after drug treatment.
Conclusion: The EMPA-ICD study is the first
clinical trial to assess the effect of an SGLT2
inhibitor on clinically significant ventricular
arrhythmias in patients with T2DM and an ICD.
Trial registration: Unique trial number,
jRCTs031180120 (https://jrct.niph.go.jp/latest-
detail/jRCTs031180120).

Keywords: Arrhythmia; Empagliflozin (EMPA);
Implantable cardioverter-defibrillator (ICD);
Ketone bodies; Sympathetic nerve activity;
Type 2 diabetes (T2DM)

Key Summary Points

Type 2 diabetes mellitus is associated with
a high risk of atherosclerosis and
subsequent cardiovascular events, and an
increase in life-threatening arrhythmia
events, but little data is currently available
regarding therapeutic strategies to
improve prognosis in these patients.

The recent EMPA-REG OUTCOME study
showed that administration of the
sodium–glucose transporter 2 (SGLT2)
inhibitor empagliflozin (EMPA)
significantly suppressed cardiovascular
death including sudden cardiac death, but
the mechanisms underlying the beneficial
effects of EMPA remain unknown.

It is well known that SGLT2 inhibitors
increase blood ketone bodies, which have
been suggested to have sympatho-
suppressive effects. We therefore designed
the current clinical trial titled ‘‘Placebo-
controlled, double-blind study of
empagliflozin and
implantable cardioverter-defibrillator
(EMPA-ICD) in patients with type 2
diabetes’’ to investigate the
antiarrhythmic effects of EMPA.
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INTRODUCTION

An implantable cardioverter-defibrillator (ICD)
is one of the most effective and established
treatments in the improvement of the prognosis
of life-threatening arrhythmias and the pre-
vention of sudden cardiac death due to life-
threatening arrhythmias [1–11]. Several thera-
peutic guidelines for cardiac arrhythmias rec-
ommend ICD implantation for patients with
life-threatening arrhythmias irrespective of the
type of heart disease [12, 13]. Patients with an
ICD also receive general medical treatment such
as beta-blockers for arrhythmias or heart failure,
to reduce life-threatening arrhythmic events.
However, an ICD shock is also strongly associ-
ated with a poor prognosis [14, 15], worsened
physical functioning, and mental well-being
[16].

Type 2 diabetes mellitus (T2DM) is associated
with a high risk of atherosclerosis and subse-
quent cardiovascular (CV) events [17, 18], and
an increase in life-threatening arrhythmia
events [19]. Therefore, T2DM is an important

therapeutic target in patients with an ICD.
Currently, little data is available regarding
therapeutic strategies to improve prognosis in
these patients. The recent EMPA-REG OUT-
COME study showed that administration of the
sodium–glucose transporter 2 (SGLT2) inhibitor
empagliflozin (EMPA) significantly suppressed
cardiovascular death, including sudden cardiac
death [20]. This study reported pleiotropic
effects, including hypotension and body weight
reduction, as a result of EMPA administration.
The physiological mechanisms involved in
EMPA administration and cardiac function,
however, remain unknown.

Following on from findings of previous
studies [21] the current study will focus on
increases in blood concentrations of ketone
bodies after administration of EMPA. Ketone
bodies are produced primarily in the liver and
have been reported to alleviate oxidative stress
and/or suppress sympathetic nerve activity in
tissues [22, 23]. It has therefore previously been
hypothesized that ketone bodies may suppress
clinically significant ventricular arrhythmic

M. Ieda
Department of Cardiology, Faculty of Medicine,
University of Tsukuba, Tsukuba, Ibaraki, Japan

N. Hagiwara
Department of Cardiology, Tokyo Women’s Medical
University, Tokyo, Japan

T. Murohara
Department of Cardiology, Nagoya University
Graduate School of Medicine, Nagoya, Aichi, Japan

K. Takahashi
Department of Cardiology, Niigata City General
Hospital, Niigata, Japan

H. Tomita
Department of Cardiology and Nephrology,
Hirosaki University Graduate School of Medicine,
Hirosaki, Aomori, Japan

Y. Takeishi
Department of Cardiovascular Medicine, Fukushima
Medical University, Fukushima, Japan

T. Anzai
Department of Cardiovascular Medicine, Hokkaido
University Graduate School of Medicine, Sapporo,
Hokkaido, Japan

W. Shimizu
Department of Cardiovascular Medicine, Nippon
Medical School, Tokyo, Japan

M. Watanabe
Department of Cardiology, Pulmonology, and
Nephrology, Yamagata University Faculty of
Medicine, Yamagata, Japan

Y. Morino
Division of Cardiology, Department of Internal
Medicine, Iwate Medical University, Morioka, Iwate,
Japan

T. Kato
Department of Cardiology, Graduate School of
Medical Science, Kanazawa University, Kanazawa,
Ishikawa, Japan

H. Tada
Department of Cardiovascular Medicine, Faculty of
Medical Sciences, University of Fukui, Fukui, Japan

Y. Nakagawa
Department of Cardiovascular Medicine, Shiga
University of Medical Science, Otsu, Shiga, Japan

Diabetes Ther (2020) 11:2739–2755 2741



events such as non-sustained ventricular
tachycardia (NSVT), ventricular tachycardia
(VT), or ventricular fibrillation (VF). On the
basis of this rationale, the primary objective of
the present study is to evaluate the rate of
arrhythmic events in patients with T2DM with
an ICD before and after treatment with EMPA.
In addition, the levels of ketone bodies and
catecholamines will be assessed to further
investigate their relationship with arrhythmic
events in T2DM.

It is anticipated that the present study will
contribute to not only understanding the
physiological effects of EMPA but also establish
improved therapy for patients with cardiac dis-
orders complicated by T2DM.

METHODS

Study Overview and Design

The EMPA-ICD study is a prospective, multi-
center, placebo-controlled, double-blind ran-
domized, investigator-initiated clinical trial. A
total of 210 patients with T2DM (hemoglobin

A1c [HbA1c] 6.5–10.0%) and an ICD will be
allocated to (1:1) EMPA (10 mg once daily)
(Boehringer Ingelheim, Ingelheim am Rhein,
Germany) or placebo, for 24 weeks under dou-
ble-blinded conditions. Patients will undergo
evaluation of the ICD during the 24 weeks
before treatment and the 24 weeks after treat-
ment to determine if EMPA can improve the
number of clinically significant ventricular
arrhythmia events. The study protocol was
reviewed and approved by the Certified Review
Board of the Niigata University Graduate School
of Medicine (certification no. CRB3180025) and
registered by the jRCT in February 2019 (ID
jRCTs031180120). This study is being con-
ducted in accordance with the guidelines of the
Declaration of Helsinki and in compliance with
the Clinical Trial Act, a Japanese law designed to
ensure that researchers monitor, adhere to the
study criteria, and assess and manage any con-
flicts of interest. After the initial screening, each
patient was given a thorough explanation of the
trial plan, and before inclusion in the study,
each patient provided signed informed consent
forms.
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Trial Population and Recruitment

A total of 210 patients will be recruited across 28
institutions in Japan from April 2019 to April
2021. The inclusion and exclusion criteria for
enrollment are shown in Table 1. Briefly,

eligible patients include those with T2DM
(HbA1c 6.5–10.0%), and with an ICD for more
than 24 weeks before commencement of the
study. Patients in whom the following events
were considered to be likely to affect the onset
of clinically significant ventricular arrhythmia

Table 1 Inclusion and exclusion criteria

Inclusion Exclusion

1. C 20 years of age 1. Patients using an SGLT2 inhibitor at the time of the eligibility test

2. ICD or CRT-D implantation

surgery[ 24 weeks before eligibility test

2. Patients who received an SGLT2 inhibitor within 24 weeks before the

eligibility test

3. T2DM with HbA1c C 6.5 to B 10% 3. Patients with a history of hypersensitivity to EMPA

4. Signed, written informed consent to

participate in the study

4. Patients with a history of diabetic ketoacidosis, diabetic coma, or

hypoglycemic episodes

5. Patients with severe infections, upcoming surgery, or seriously injured at

the time of eligibility tests

6. Type 1 diabetes

7. New York Heart Association Class IV heart failure

8. Severe renal dysfunction (eGFR\ 30 mL/min/1.73 m2 or dialysis)

9. Serious hepatic function disorder (aspartate transaminase or alanine

transaminase[ 3 times higher than the institutional standards)

10. Pituitary or adrenal insufficiency

11. Malnutrition or fasting condition

12. History of excessive alcohol intake

13. Gastrointestinal disorder such as diarrhea or vomiting

14. Urinary tract or genital infection

15. Pregnant or suspected pregnancy

16. Body mass index B 18.5 kg/m2

17. Patients with the following events within 24 weeks before the eligibility

test: alteration of antiarrhythmic drug; catheter ablation for ventricular

arrhythmia; coronary revascularization; open-heart surgery; development

of coronary artery disease, stroke or transient ischemic stroke; seizure;

infection requiring hospitalization, or cardiac failure requiring

hospitalization

18. ICD unable to record NSVT

19. Non-remitted malignant tumor
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within 24 weeks before the eligibility tests will
be excluded: alteration of antiarrhythmic drug;
catheter ablation for ventricular arrhythmia;
coronary revascularization; open-heart surgery;
development of coronary artery disease, stroke
or transient ischemic stroke; seizure; infection
requiring hospitalization, and cardiac failure
requiring hospitalization. After initial screen-
ing, each patient will receive an explanation of
the trial plan and will be asked to complete a
written informed consent form.

Trial Design and Follow-up

Patients will be randomized to receive either
EMPA or placebo (10 mg once daily) with fol-
low-up visits scheduled at 12 and 24 weeks after
treatment (Fig. 1). Each patient will receive
standard treatment for their background disease
in addition to administration of the study drug.

Randomization, Data Collection,
and Blinding

After the patient’s eligibility is confirmed, ran-
domization (EMPA or placebo, 10 mg once
daily) will be performed by the stratified allo-
cation method using the following factors: left
ventricular ejection fraction (LVEF) (\ 40% or
C 40%), age (\65 or C 65 years), and gender.
The study will be performed in a double-blind
manner until completion of data fixation.
Randomization and data collection will be per-
formed using the Research Electronic Data

Capture (REDCap) [24, 25], EDC method which
is a web-based software platform designed to
support data capture for research studies.
Briefly, patients are registered and designated
with an identification number and study drug
identification number, thereby ensuring per-
sonal information protection and double-blind
conditions. Data will be managed by the inde-
pendent organization of Osaka City University
until the end of the study.

To maintain the double-blinding of the
study, laboratory tests (e.g., urine glucose tests
and urinary ketone body tests) that may dis-
tinguish whether the study drug or placebo has
been assigned, and questions about changes in
urine volume, will be avoided as much as pos-
sible. The blinding codes will be opened only
under emergency situations where appropriate
medical treatment is necessary for serious
adverse events (AEs) or the patient’s safety.
When the blinding code is opened, it will be
immediately reported to the Study-Represent-
ing Physician, and the patient’s participation in
the study will be discontinued.

Treatment

All patients will receive EMPA or placebo (10 mg
once daily) and be followed for 24 weeks. If
investigators decide that the blood glucose level
of a patient is not properly controlled, they will
be allowed to add and discontinue diabetes
drugs and increase or decrease the dose of such
drugs, including insulin; no changes to EMPA

Fig. 1 Study outline. Implantable cardioverter-defibrillator (ICD)
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will be permitted, and the daily dose of EMPA
should remain fixed at 10 mg/day. Adverse
reactions such as hypoglycemia or dehydration
will be monitored. The therapeutic treatment
guidelines for T2DM are based on the Treatment
Guide for Diabetes in Japan [26]. The initiation,
choice, and dosage of these drugs are at the
investigator’s discretion. Patients can also
receive treatment for arrhythmias or underlying
heart disease. Changes in antiarrhythmic drugs
such as beta-blockers and ion channel blockers
will be avoided if possible during the study. If
changes in antiarrhythmic drugs do occur after
enrollment, the patient’s participation in the
study will be discontinued as these drugs may
affect the frequency of clinically significant
ventricular arrhythmic events. After completion
of the treatment period, treatment will be con-
tinued with optional diabetes drugs.

Measurements

Baseline characteristics including height; gen-
der; age; smoking history, alcohol drinking
history; clinically significant ventricular
arrhythmias that caused the original implanta-
tion of the ICD and other underlying diseases;
manufacturer and type of ICD; current and past
comorbidities; and history of drug and non-
drug treatment will be noted when subject eli-
gibility is determined. Background treatments
and physical examination will be performed at
each visit. Investigators will comply with the
study protocol, report AEs after informed con-
sent is provided, and any study drug non-com-
pliance by patients after drug administration
begins. Body weight and body temperature will
be measured when subject eligibility is deter-
mined and at 0 and 24 weeks. The following
data will be investigated at 0 and 24 weeks:
blood pressure; pulse rate; blood tests (e.g.,
blood count, biochemical markers); 12-lead
electrocardiogram (ECG); Holter monitoring;
and echocardiography (Table 2). These tests will
be performed at local institutes. Specific blood
tests will include acetoacetic acid; 3-hydroxy-
butyric acid; total ketone bodies; adrenaline;
noradrenaline; dopamine; erythropoietin; and
reticulocytes and will be conducted at 0 and

24 weeks. These specific blood tests will be
measured at central laboratories. All blood tests
at 0 and 24 weeks will be conducted under
fasting conditions with subjects resting in a
supine position on a bed for no less than
30 min. Patients will have the option of under-
going 123I-metaiodobenzylguanidine (MIBG)
scintigraphy at 0 and 24 weeks. The ICD will be
investigated at 0 and 24 weeks to evaluate
clinically significant ventricular arrhythmic
events.

Measurement of Clinically Significant
Ventricular Arrhythmic Events

Clinically significant ventricular arrhythmic
events recorded in the ICD will be evaluated at 0
and 24 weeks. At 0 weeks, arrhythmic events
that occurred from 24 weeks before treatment to
0 weeks will be recorded. At 24 weeks after
commencement of the study, arrhythmic
events that occurred from 0 to 24 weeks will be
recorded. In this study, clinically significant
ventricular arrhythmic events will be catego-
rized as NSVT, VT, or VF depending on the
judgment noted by the defibrillators and veri-
fication by members of the Event Assessment
Committee. Device settings for detection and
treatment of arrhythmias are at the discretion of
each physician. Device reports including the list
of arrhythmic events and intracardiac ECGs will
be obtained by individual interviews at outpa-
tient clinics or through a remote monitoring
system. During the study, changes in device
settings will only be permitted if the physicians
judge it necessary to avoid malfunction of the
ICD.

Trial Endpoints

The primary endpoint of this study is the
change in the frequency of clinically significant
ventricular arrhythmic events from 0 to
24 weeks. Secondary endpoints are changes in
the following parameters from 0 to 24 weeks:
number of clinically significant ventricular
arrhythmic events and appropriate device
operation; change in parameters obtained via
Holter monitoring; changes in blood ketone
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fractions (acetoacetic acid, 3-hydroxybutyric
acid, and total ketone bodies), and changes in
blood catecholamine fractions (adrenaline,
noradrenaline, and dopamine). In addition to
these endpoints, exploratory endpoints will also
be investigated including change in body
weight; body temperature; blood pressure; pulse
rate; general blood tests; 12-lead ECG; ECG
parameters; specific blood tests (erythropoietin
and reticulocytes); heart-to-mediastinum ratio;
and washout rate data obtained via 123I-MIBG
scintigraphy (if obtained).

Safety

To evaluate the patients’ safety, all AEs will be
reported during the study. To ensure

compliance with Japanese law (the Clinical
Trials Act), AEs related to the trial drugs and
study protocol will be reported. Moreover,
adverse events of special interest such as hepatic
injury, decreased renal function, metabolic aci-
dosis, ketoacidosis, diabetic ketoacidosis, lower
limb amputation, and Fournier’s gangrene will
be clearly defined and reported. When investi-
gators report AEs, the onset date, severity,
treatment, outcome, and causal relationship to
the study drug and protocol will be reported.
This information will be shared immediately
with the secretariat or principal investigator by
REDCap and will be reported to Nippon Boeh-
ringer Ingelheim and the Independent Moni-
toring Committee (IDMC). The IDMC consists
of diabetologists and cardiologists who

Table 2 Follow-up schedule

Eligibility test 0 week 12 weeks 24 weeks

Patient information/obtaining consent a

Patient background a

Interview/physical examination a a a a

Confirmation of drug compliance a a

Confirmation of study procedure compliance a a a

Confirmation of concomitant drug use a a a a

Height a

Body weight/body temperature a a b a

Blood pressure/pulse rate a b a

Blood tests a a b a

Blood tests (specific) a b a

12-lead ECG a a

Holter monitoring a a

Echocardiography a a a
123I-MIBG myocardial scintigraphy b b

Safety assessment a a a a

Evaluation of ICD a a

a Primary or secondary outcome measure
b Optional
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independently judge the safety and the neces-
sity for any revisions and study discontinuation
due to AEs.

Sample Size Estimation

As a result of the pilot character of this study
and lack of research studies directly comparable
to ours, we prepared the available 200 samples
on the basis of effect size for a future primary
outcome. We estimated that this sample size for
a total of each group would provide the trial
with a power of 80% at the 5% significance level
to detect an effect size of 1.44 as the incidence
rate ratio (IRR) of arrhythmias in the placebo
group compared with the EMPA group on the
basis of a previous study [27]. It is anticipated
that any beneficial effects EMPA has on sym-
pathetic nervous activity will provide consider-
able improvements in patients with heart
disease. Clinically, one of the most beneficial
outcomes in the reduction of sympathetic ner-
vous activity is a decrease in cardiac arrhyth-
mias. In patients with T2DM, the sympathetic
counter-regulatory response to hypoglycemia
by systemic adrenaline and noradrenaline
release [28] as well as enhanced sympathetic
neural activity [29] contributes to the occur-
rence of arrhythmic events [27]. It is therefore
hypothesized that the risk of hypoglycemia to
sympathetic nervous activity is equal to the
disadvantage observed in SGLT2 inhibitor
therapy-naı̈ve subjects with T2DM. The IRR of
1.44 from this previous study was consequently
used to justify the above sample number, as no
previous studies have examined the frequency
of VT, VF, and NSVT in ICD patients receiving
an SGLT2 inhibitor.

Statistical Analysis

The analyses of study endpoints will be per-
formed in the full analysis set. Continuous
variables in the text and tables are expressed as
means ± standard deviation, and categorical
variables are expressed as numbers (percent-
ages). Patient characteristics will be compared
using chi-square tests for categorical variables,
t tests will be used for normally distributed

continuous variables, and the Wilcoxon rank
sum tests will be used for continuous variables
with a skewed distribution.

The number of clinically significant ventric-
ular arrhythmic events recorded in the ICD will
be evaluated at weeks 0 and 24 (or study dis-
continuation), and subjected to Poisson regres-
sion analysis by the generalized linear model,
assigning difference in the number of severe
arrhythmic events between the EMPA and pla-
cebo groups as an objective variable.

Descriptive summary statistics will be calcu-
lated for each endpoint. For continuous vari-
ables, differences will be estimated on the basis
of the least-squares method. For discrete vari-
ables, differences in the ratio will be estimated
on the basis of chi-square distribution. Other
analyses are shown in the detailed statistical
plan provided elsewhere.

All p values will be two-sided, and p\0.05
will be considered statistically significant. All
statistical analyses will be performed using SAS
version 9.4 (SAS Institute, Cary, NC, USA).

Trial Organization and Oversight

The principal investigator of the EMPA-ICD is
Tohru Minamino from the Department of Car-
diovascular Biology and Medicine Niigata
University Graduate School of Medical and
Dental Sciences. The research advisor is Koichi
Node from the Department of Cardiovascular
Medicine at Saga University. The steering com-
mittee will manage the planning, operational,
analytical, and presentation aspects of the
study. The IDMC will manage the safety sec-
tion. The Event Evaluation Committee will
confirm reported arrhythmias. The trial secre-
tariats are in the Department of Cardiovascular
Biology and Medicine Niigata University Grad-
uate School of Medical and Dental Sciences and
Micron Inc., Tokyo, Japan. The trial drugs,
provided by Boehringer Ingelheim, are to be
stored appropriately at the Department of
Clinical and Translational Center at Niigata
University Hospital, and will be distributed to
each institute depending on patient registra-
tions as recorded on clinical report forms on the
web site. Data management, monitoring
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activities, statistical analyses, and audits will be
performed independently on the basis of an
outsourcing agreement.

DISCUSSION

The prospective, multicenter, placebo-con-
trolled, double-blind, randomized, investigator-
initiated EMPA-ICD clinical trial is in progress
to study the effect of EMPA on clinically sig-
nificant ventricular arrhythmias in patients
with T2DM and an ICD. The number of clini-
cally significant ventricular arrhythmias during
24 weeks before and after study drug adminis-
tration, as documented by the ICD, will be
compared between the active-control group and
placebo-control groups.

The prevalence of T2DM, a metabolic dis-
ease, is approximately 8.5% of the world’s
population, and this number is expected to
increase in the future [30]. The risk for cardio-
vascular disease and death increases 2–3 times
in patients with T2DM [31, 32]. Among car-
diovascular diseases, not only coronary artery
diseases [33–37] but also non-coronary diseases
such as microangiopathy and autonomic nerve
disorders [38, 39] have been suggested to be
associated with sudden cardiac death. Ventric-
ular arrhythmias such as VT and VF are pre-
sumed to be the major cause of such sudden
death. Diabetes and arrhythmias are assumed to
be closely related; however, the extent and
underlying mechanism of this relationship
remain unclear. Therefore, it is important to
investigate this relationship to improve the
outcome of patients with T2DM.

Importance of Examining Arrhythmias

Assessment of clinically significant ventricular
arrhythmias is important to elucidate the
mechanism underlying the potential impact of
EMPA in patients with T2DM at risk of cardio-
vascular disease. The EMPA-REG OUTCOME
trial [20], the CANVAS trial [40], and the
DECLARE-TIMI 58 trial [41] demonstrated
favorable effects of SGLT2 inhibitors in not only
mortality but also cardiovascular outcomes. In
the supplemental data of the EMPA-REG

OUTCOME study, both ‘‘sudden death’’ (pla-
cebo vs. EMPA = 38 [1.6%] vs. 53 [1.1%]) and
‘‘other cardiovascular death’’ (placebo vs.
EMPA = 55 [2.4%] vs. 74 [1.6%]) tended to be
less in the EMPA group, although these data
were not statistically verified. Thus, this ten-
dency for reduced cardiac events may be par-
tially explained by the reduction of clinically
significant ventricular arrhythmias by EMPA.

Moreover, all three cardiovascular outcomes
trials consistently indicated the benefit of
SGLT2 inhibitors including EMPA in the
reduction of hospitalization for heart failure.
One hypothesis is that this outcome is due to
the diuretic effect of SGLT2 inhibitors in gen-
eral. It has been shown that SGLT2 inhibitors
induce osmotic diuresis and natriuresis by
decreasing the reabsorption of glucose and
sodium, resulting in less extracellular volume; a
possible reduction in vascular wall stress;
improved cardiac function; and potentially
reduced congestion [42]. One important fact
associated with the diuretic effect of SGLT2
inhibitors is the lack of changes in serum
potassium levels [43]. It is well known that
abnormal serum potassium levels affect the
cardiac repolarization and can induce life-
threatening arrhythmias [44]. In comparison
with classic diuretics, the lack of impact on
serum potassium levels by SGLT2 inhibitors
may minimize the incidence of life-threatening
arrhythmias. Indeed, in humans, it has been
shown that SGLT2 inhibitors do not prolong
the QT interval during cardiac repolarization
[45]. As these study results do not provide suf-
ficient evidence of an antiarrhythmic quality of
EMPA, it therefore remains important to deter-
mine if EMPA can regulate body fluid volume
without increasing arrhythmic events. There-
fore, the primary endpoint of this current study
may create a novel insight in regards to the
mechanism of action of EMPA.

How to Accurately Assess Arrhythmias

In the present study, arrhythmias will be asses-
sed by ICD information before and after drug
administration. This study is designed to eval-
uate the effect of EMPA on arrhythmic events
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correctly. First, arrhythmias in same patient will
be compared and analyzed to minimize con-
founding factors, such as differences in ICD
models and underlying heart disease. Second,
during the 24 weeks after study drug adminis-
tration, the ICD setting will not be changed
from before the study as changes in the ICD
setting can significantly impact the detection of
arrhythmias. Third, patients with problems that
can affect the number of arrhythmias, including
alteration of antiarrhythmic drugs; catheter
ablation for ventricular arrhythmias; coronary
revascularization; open-heart surgery; develop-
ment of coronary artery disease, stroke, or
transient ischemic stroke; seizure; infection
requiring hospitalization; or cardiac failure
requiring hospitalization will be excluded at the
time of study initiation. If these problems occur
during the study, patients will be withdrawn
from the study. Finally, the Event Evaluation
Committee is an external organization and will
be asked to evaluate arrhythmias recorded in
the ICD and confirm that the primary end-
points are correctly reported.

Validity of the Definition of Clinically
Significant Ventricular Arrhythmia

In the present study, a clinically significant
ventricular arrhythmia is defined as VF, VT,
and/or NSVT. Generally, in the setting of an
ICD, anti-tachycardia therapy includes deliver-
ing a shock for VF and VT, whereas only mon-
itoring is performed for NSVT. However, NSVT
increases the risk for VT and VF. Several reports
have indicated that NSVT is a criterion for ICD
implantation. In the MADIT-I study, performed
to investigate the effect of ICD on patients with
myocardial infarction, NSVT was an inclusion
criterion [1]. In patients with NSVT with
ischemic heart disease with LVEF B 40%, elec-
trophysiologic examination showed that use of
an ICD increased survival rates [46]. Therefore, a
primary endpoint in this present study that
includes NSVT is deemed to be appropriate for
the evaluation of clinically significant ventric-
ular arrhythmias.

Importance of Secondary Evaluation
Items

Blood concentrations of ketone bodies and
catecholamines will be used as secondary end-
points in this study. To minimize variables,
these markers will be measured with subjects in
the fasting state and resting. Recently, ketone
bodies have gained attention as one of the
possible explanations for the underlying
mechanism of the favorable effect of SGLT2
inhibitors on CV outcome [47]. Generally, in
the fasting state, production of ketone bodies,
called ‘‘ketogenesis,’’ occurs in the mitochon-
dria of the liver. Ferrannini et al. reported that
the SGLT2-induced increase in lipid mobiliza-
tion and oxidative use were associated with
increased levels of plasma b-hydroxybutyrate
(bOHB), which is a type of ketone body [21].
Among the ketone bodies, acetoacetate and
bOHB reach the systemic organs and are used as
an energy source [22]. In particular, ketone
bodies with good metabolic efficiency are used
instead of glucose and fatty acids, which may
have a positive impact on the failing heart
[48, 49]. In addition, bOHB has been found to
function as a ligand involved in various signals.
Won et al. reported that bOHB plays a poten-
tially important role in regulating the activity of
the sympathetic nervous system [23]. It is con-
sidered that increased bOHB levels may reduce
the occurrence of arrhythmias, as bOHBmay act
as a sympatho-suppressive agent. By using
ketone bodies and catecholamine levels as sec-
ondary endpoints for the present study, it is
expected that the underlying mechanism of any
favorable effect of EMPA will be reinforced.

The current EMPA-ICD is a valuable research
study that may provide a new aspect of EMPA,
an SGLT2 inhibitor, by assessing its effects on
arrhythmias. It is believed that this study will
also provide information on the underlying
mechanism of SGLT2 inhibitors in general and
lead to novel medical treatment for patients
with cardiovascular disease and an ICD and
T2DM.
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Limitations

There are several limitations to this study. First,
small sample sizes and short study periods may
result in inaccurate evaluation of the primary
endpoint. However, as mentioned previously,
this research remains important as further
investigation of the mechanism of action of
SGLT2 inhibitors is necessary, in particular in
terms of medical treatment for patients with
cardiovascular disease and an ICD and T2DM.

Second, the distribution of underlying heart
disease among ICD patients in Japan is different
from that in Western countries [50]. Coronary
artery disease is a major cause of ICD therapy in
Western countries, whereas non-ischemic heart
diseases, including myocardial disease and
idiopathic VF, are the major causes for ICD
therapy in Japan. Differences in ethnicity and
underlying heart disease may make a difference
in the effect of EMPA on sympathetic nervous
activity; therefore, a study in an Asian (Ja-
panese) population remains worth conducting.

Third, it is difficult to completely balance
underlying heart disease and ICD indications
(primary or secondary prevention). These are
related to the frequency of recurrence of
arrhythmias. However, randomization with
LVEF as a factor will help to maintain the bal-
ance between groups. Any significant differ-
ences in baseline patient characteristics will be
included as independent variables in the
adjustment of the Poisson regression analysis by
the generalized linear model. In addition, the
self-control study design may help to minimize
the effects of confounding factors often associ-
ated with the patient’s characteristics. The
recurrence of arrythmias should remain
stable in each patient unless the patient
undergoes therapeutic intervention or progres-
sion of their disease. Consequently, patients
with the following events that may alter or
interfere with the probability of arrhythmia
recurrence will be excluded: alteration of
antiarrhythmic drug; catheter ablation for ven-
tricular arrhythmia; coronary revascularization;
open-heart surgery; development of coronary

artery disease; stroke or transient ischemic
stroke; seizure; infection requiring hospitaliza-
tion; or cardiac failure requiring hospitalization.

Finally, tight glycemic control has the
potential to lead to increased arrhythmias.
Therefore, patients with a history of hypo-
glycemic episodes within the previous
6 months will not be included in the study.
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