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Abstract

Background: The aim of our study was to evaluate the effects of
dapagliflozin on the ventricular arrhythmia burden (VADb) in patients
with heart failure with reduced ejection fraction (HFrEF) and an
implantable cardioverter defibrillator (ICD), correlating the possi-
ble reduction in arrhythmic events and ICD therapies with the basal
functional capacity, as well as the remodeling parameters induced by
treatment.

Methods: A total of 117 outpatient ICD patients with a known di-
agnosis of HFTEF who underwent treatment with dapagliflozin were
evaluated according to a prospective observational protocol. VAb
(including sustained ventricular tachycardia, non-sustained ventricu-
lar tachycardia, ventricular fibrillation, and total ventricular events)
and specific ICD therapies (anti-tachycardia pacing (ATP) and ICD
shocks) were extrapolated from the devices’ memory (events per pa-
tient per month) by comparing events in the observation period before
and after the introduction of dapagliflozin.

Results: The VAb was significantly reduced after dapagliflozin in-
troduction (2.9 £+ 1.8 vs. 4.5 £2.0, P=0.01). The burden of appropri-
ate ATPs was significantly reduced (0.57 = 0.80 vs. 0.65 £ 0.91, P =
0.03), but not for ICD shocks. In patients with a more advanced func-
tional class, a greater reduction in VAb was observed than in patients
with a better initial functional capacity (2.2 £ 0.8 vs. 5.5+ 1.8, P =
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0.001 in the New York Heart Association (NYHA) III/IV group; 3.5 +
2.1vs.4.5+2.2, P=0.02 in the NYHA I/II group). Considering two
independent groups according to reverse remodeling (Aleft ventricu-
lar ejection fraction (LVEF) > 15%), a significant reduction in VAb
was observed only in those patients who presented significant reverse
remodeling (2.5 + 1.1 vs. 5.1 £ 1.6, P = 0.01). A statistically signifi-
cant interaction between the variation of total ventricular arrhythmias
(VTA) and the basal NYHA class (F(1,115) = 142.25, P < 0.0001,
partial 02 = 0.553), as well as between the variation of VTA and the
ALVEF (F(1,115) = 107.678, P < 0.0001, partial n> = 0.484) has been
demonstrated using a two-way analysis of variance (ANOVA) test.

Conclusions: In ICD outpatients with HFrEF, dapagliflozin treatment
produces a reduction in arrthythmic ventricular events. This improve-
ment is more evident in patients who have a worse functional class and
thus a more precarious hemodynamic state, and in patients who present
with significant ventricular reverse remodeling. Therefore, we can hy-
pothesize that the hemodynamic and structural improvements induced
by treatment represent, at least in the short-medium term, some of the
principal elements justifying the significant reduction in VAb.

Keywords: Dapagliflozin; SGLT2; Heart failure; Ventricular arrhyth-
mic burden; Global longitudinal strain; ICD therapies

Introduction

Sodium-glucose cotransporter 2 (SGLT2) inhibitors are a class
of drugs that have been shown to reduce the worsening of heart
failure (HF) and death from cardiovascular causes in diverse
types of HF, thus indicating that they should enter the thera-
peutic armamentarium in addition to the other classes of drugs
that are already present in recent guidelines [1-4].

Several studies have shown that the use of sodium-glucose
cotransporter 2 inhibitors (SGLT2is) is associated with a reduc-
tion in atrial and ventricular arrhythmic events [5, 6]. The data
from the DAPA-HF study showed that the occurrence of the
composite endpoint of severe ventricular arrhythmic events,
resuscitated cardiac arrest, and sudden death was significantly
reduced in patients receiving dapagliflozin compared to the
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Figure 1. Inclusion and exclusion criteria for the patients’ identification. ICD: implantable cardioverter defibrillator.

placebo group [5].

The burden of cardiac arrhythmias is still a matter of
debate, especially in the field of ventricular burden. Several
potential antiarrhythmic actions related to SGLT2 inhibitors
have been hypothesized. Various proposed actions of SGLT2
inhibitors lead to the hypothesis that these agents might reduce
the risk of ventricular arrhythmias. Among the main indirect
antiarrhythmic effects that have already been amply studied
are the improvement in hemodynamic status and the structural
remodeling induced by the treatment [7-11]. The potential di-
rect antiarrhythmic actions include favorable effects on the au-
tonomic nervous system activity, serum electrolytes, cardiac
sodium channel current (late/Na*), and myocardial sodium-
hydrogen (Na*/H") exchanger, thereby improving mitochon-
drial function and reducing electrical instability by ensuring a
sufficient energy supply [12-19].

The aim of our study was to evaluate the effects of da-
pagliflozin on the ventricular arrhythmia burden (VAD) in pa-
tients with cardiac implantable electronic devices, correlating
with a possible reduction in arrhythmic events with the basal
clinical status and with the trend of treatment-induced ventric-
ular remodeling.

Materials and Methods

Study population

According to a prospective observational longitudinal proto-
col, this study evaluated 117 outpatient implantable cardio-
verter defibrillator (ICD) patients with a known diagnosis of
HF within a dedicated follow-up pathway at the “Card. Pani-
co” Hospital in Tricase (Le) and “Villa Verde” Hospital in Ta-
ranto from March 2023 to November 2023. The present study
was conducted in accordance with the Declaration of Helsinki
and carried out within the research project approved by the

Institutional Ethics Committee.

We evaluated ICD patients with heart failure with reduced
ejection fraction (HFrEF), who were receiving optimal phar-
macological therapy, with 10 mg dapagliflozin introduced. Pa-
tients who, during the observation period, underwent changes
in their cardiology therapy (including changes in antiarrhyth-
mic drugs and diuretic dosage), experienced respiratory insta-
bility or renal failure, and experienced any hospitalization for
HF or electrolyte disorder, were excluded from the evaluation.
No acute anemic states were observed during the evaluation
period, and there was no evidence of thyroid dysfunction. No
patients received cardiac resynchronization therapy (CRT)
treatment during the observation period (Fig. 1).

The anamnestic, clinic, and echocardiographic param-
eters were extrapolated from the hospital management system
with an embedded database. The New York Heart Association
(NYHA) functional class, echocardiographic parameters such
as left ventricular ejection fraction (LVEF), ventricular filling
index (E/E’), global longitudinal strain (GLS), pulmonary arte-
rial systolic pressure (PASP), and N-terminal B-type natriuret-
ic peptide (NT-proBNP), which were obtained at baseline and
6 months after the dapagliflozin introduction, were considered.
Echocardiographic studies were obtained locally by the same
accredited specialists at each center, using the same equipment
according to the standardized quality criteria for each protocol.
All of the echocardiographic examinations were performed
with the same echocardiographic machines (Philips Affinity
50, Andover, MA, USA) and speckle tracking analysis with
dedicated software (QLAB13/TOMTEC Philips), according to
the echocardiographic guidelines of the European Association
of Cardiovascular Imaging (EACVI) [20]. An improvement in
the LVEF of at least 15% (ALVEF) was considered as a param-
eter indicative of ventricular reverse remodeling when com-
paring the data obtained at baseline and at the 6-month follow-
up. Some studies have shown that dapagliflozin produces an
improvement in systolic function indices as early as 6 months
after the start of treatment. Therefore, we chose to evaluate
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Figure 2. Observational study protocol main phases. ICD: implantable cardioverter defibrillator; VAb: ventricular arrhythmia bur-
den; NYHA: New York Heart Association; NT-proBNP: N-terminal B-type natriuretic peptide.

ventricular remodeling by comparing the baseline echocardio-
graphic parameters with the data from 6-month assessments
[21, 22] (Fig. 2). Considering the noticeable improvement of
the left ventricular systolic function that was obtained during
the follow-up, we chose a more aggressive cut-off value of
ALVEF to make the sample groups’ numerosity more homo-
geneous.

Arrhythmic events and ICD therapy

All of the devices were programmed in MADIT-RIT mode.

Ventricular arrhythmic burden data, including sustained
ventricular tachycardia (sVT), non-sustained ventricular tach-
ycardia (nsVT), ventricular fibrillation (VF), and total ventric-
ular arrhythmias (VTA), together with specific ICD therapies
(ICDt, appropriate ICD shocks and anti-tachycardia pacing
(ATP)), were extrapolated from the analysis of the devices,
considering the events present during the observation period
pre- and post-introduction of dapagliflozin. Overall, 41% of
patients had a remote monitoring device. A respectable number
of patients were followed by way of remote monitoring, which
is now recognized as a useful and reliable monitoring tool, es-
pecially in the population with HF [23, 24].

The observation period comprised 268 + 42 days before
and 272 + 57 days after dapagliflozin introduction. Courtain
et al [5] investigated the effect of dapagliflozin on the num-
ber of severe ventricular arrhythmias, resuscitated cardiac ar-
rests, and sudden deaths reported during the follow-up to the
DAPA-HF study. The separation of the Kaplan-Meier curves
with respect to the composite endpoints is clearer by the ninth
month, leading to the hypothesis of an indirect role of inverse
remodeling. For this reason, a follow-up period for the evalu-
ation of ventricular arrhythmic events of about 9 months was
considered. Arrhythmic events and ICDt were identified as
events per patient per month (Fig. 2).

Statistical analysis

The statistical analysis was conducted using the IBM SPSS
Statistics v.16 software. Continuous variables are presented as
the mean + standard deviation. Qualitative variables are pre-

sented as absolute and percentage frequency. The data were
normally distributed, as assessed by Shapiro-Wilk’s test of
normality (P > 0.05). A kurtosis and skewness test was carried
out with the application of the Student’s #-test for paired data
and two-way mixed analysis of variance (ANOVA) to deter-
mine whether there are differences between two independent
groups over time. Statistical significance was established at an
alpha = 0.05.

Results

Population characteristics

A total of 298 outpatients with chronic HF were screened based
on the previously reported inclusion and exclusion criteria. Of
these, 117 patients met the eligibility criteria for enrolment in
the study. Overall, 69.2% of the patients were male (81/117),
while 30.8% were female (36/117), with a mean age of 70.3
+ 11.4 years. Based on reported symptoms, the patients were
stratified according to NYHA functional classes, with 62 pa-
tients (52.4%) in the NYHA I/II classes and 55 patients (47.3%)
in the NYHA III/IV classes. Etiology and comorbidity were
investigated for all of the patients. Specifically, 50 patients
(43%) were found to have ischemic cardiomyopathy (ICM), 67
patients (57%) had non-ischemic cardiomyopathy (NICM), 79
patients (67%) had hypertension (HTN), 29 patients (25%) had
chronic kidney disease (CKD), 35 patients (30%) had diabetes
mellitus (DM), 21 patients (18%) had chronic obstructive pul-
monary disease (COPD), and 38 patients (32%) presented with
a history of atrial fibrillation (AF). HTN was the most com-
mon condition in the sample (67%) with a higher incidence
in the male sex. Similar incidence was observed in both sexes
regarding DM (30%). The most common etiology was NICM
(57%), which was more evident in women (61%), followed by
ICM (43%), which was more evident in men (44%). A greater
presence of chronic atrial fibrillation (28%) and consequent
therapy with “Ablate and Pace” (11%) was also observed in
women. Overall, 30 patients (25.6%) had a dual-chamber
ICD (ICD-dc), 65 patients (55.5%) had a biventricular ICD
(ICD-biv), and 22 patients (19%) had a single-chamber ICD
(ICD-sc). Ninety-five defibrillators (80%) were implanted for
the primary prevention of sudden cardiac death, and 12 defi-
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Table 1. Baseline Demographic, Etiology, Comorbidity, and Pharmacotherapy History Data

N % Male, n Male, % Female, n Female, %
Demographic and clinical data
Age, years 703+ 114
NYHA I/ 62 52.4
NYHA III/IV 55 473
Women 36 30.8
Etiology and comorbidity
NICM 67 57.3 45 55.6 22 61.1
ICM 50 42.7 36 444 14 38.9
HTN 79 67.4 57 70.4 22 61.0
DM 35 29.9 24 29.6 11 30.5
AFib-c 17 14.5 7 8.6 10 27.7
AFib-p 21 17.9 17 21.0 4 11.1
ICD-dc 30 25.6 23 28.4 7 19.4
ICD-biv 65 55.5 45 55.5 20 55.5
ICD-sc 22 18.8 14 17.2 8 222
Ablate and Pace 7 6.0 3 3.7 4 11.1
COPD 21 17.9 14 17.3 7 19.4
CKD 29 24.8 21 25.9 8 222
Pharmacotherapy
ACEI/ARBs 40 34.1
ARNI 71 60.6
Beta blocker 111 94.8
MRA 72 61.5
Furosemide 82 70.0
Digoxin 10 8.5
Amiodarone 30 26.2
Statin 69 59.4
Anticoagulants 38 323
APT 71 61.2

ICD: implantable cardioverter defibrillator; NYHA: New York Heart Association; HTN: hypertension; ICM: ischemic cardiomyopathy; NICM non-
ischemic cardiomyopathy; DM: diabetes mellitus; AFib-c: chronic atrial fibrillation; AFib-p: paroxysmal atrial fibrillation; ICD-dc: dual-chamber im-
plantable cardioverter defibrillator; ICD-biv: biventricular implantable cardioverter defibrillator; ICD-sc: single-chamber cardioverter defibrillator; CKD:
chronic kidney disease; COPD: chronic obstructive pulmonary disease; ACEI: angiotensin-converting enzyme inhibitors; ARBs: angiotensin receptor
blockers; MRA: mineralocorticoid receptor antagonists; APT antiplatelet therapy.

brillators (10%) for secondary prevention. Regarding the dis-
tribution of pharmacological therapies, 111 patients (94.8%)
were on beta blocker therapy, 71 patients (60.6%) were on
angiotensin receptor/neprilysin inhibitor treatment (ARNI), 72
patients (61.5%) were on anti-aldosterone treatment (miner-
alocorticoid receptor antagonists (MRA)), 40 patients (34%)
were on angiotensin-converting enzyme inhibitors (ACEI)
or angiotensin receptor blockers (ARBs), 82 patients (70%)
were on furosemide, 10 patients (8.5%) were on digoxin, 30
patients (26%) were on amiodarone, 69 patients (58.4%) were
on statin, 38 patients (32%) were on anticoagulants, and 71 pa-
tients (61%) were on antiplatelets. The baseline demographic,

etiology, comorbidity, and pharmacotherapy history data are
detailed in Table 1.

Our analysis of the echocardiographic parameters indi-
cates a mean LVEF of 25.942.3%, a mean E/E’ of 15.2 + 2.3,
a mean GLS of -12.6+0.9%, and a mean PASP of 37.9 + 3.9
mm Hg. Patients with NYHA class III/IV had more impaired
indices of systolic function and hemodynamic status than the
patients with NYHA class I/Il. Regarding the laboratory tests,
a higher hematocrit value and a more compromised estimated
glomerular filtration rate (¢GFR) were observed in patients
with NYHA class III/IV. The echocardiographic data and labo-
ratory tests are detailed in Table 2.
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Table 2. Echocardiographic Data and Laboratory Tests

All NYHA I/IT NYHA III/IV P

Echocardiographic data

LVEF, % 259+23 26.8+1.3 249+3.7 0.01

GLS, % -12.6£0.9 -123+ 1.1 -123+£1.9 0.30

E/E’ 152+£23 144+ 0.6 162+23 0.03

PASP, mm Hg 37.9+£3.9 357+1.8 40.5+3.6 0.01
Laboratory tests

Creatinine, mg/dL 1.19+£0.4 1.11 £ 0.6 1.21+£0.5 0.41

eGFR, mL/min/1.73m? 71.1£20 74.1 £23 64.1 £30 0.03

Hemoglobin, g/dL 129+2.4 13.1+£2.7 12.8+2.7 0.08

Hematocrit, % 40+ 4.6 41.1+£3.9 36.9+43 0.03

NT-proBNP, pg/L 1,333.7+564.3 1,302.3 £272 1,368.1 420 0.08

NYHA: New York Heart Association; LVEF: left ventricular ejection fraction; GLS: global longitudinal strain; E/E’; ventricular filling index; PASP: pul-
monary arterial systolic pressure; eGFR: estimated glomerular filtration rate; NT-proBNP: N-terminal B-type natriuretic peptide.

Changes in echocardiographic parameters and NT-proB-
NP

Sixty-nine patients (59%) had significant indices of reverse
remodeling. The analysis of the population data shows a sig-
nificant improvement during the observation period in mean
LVEF (28.743.6% vs. 25.9+2.3%, P =0.025), mean E/E’ (13.1
+1.1vs. 152+ 2.3, P=0.035), and mean GLS (-14.7+1.2%
vs. -12.6+0.9%, P = 0.03). There was no significant reduction
in PASP (34.1 £3.2 mm Hg vs. 37.9 + 3.9 mm Hg, P =0.054).
The improvement in the NT-proBNP parameter was also sig-
nificant (1,136.1 £ 629.54 pg/L vs. 1,333.74 £ 564.3 pg/L, P
=0.02). The changes in the echocardiographic parameters and
NT-proBNP are summarized in Table 3.

Changes in arrhythmic events and ICDt

The analysis of ventricular arrhythmias showed a significant
reduction in ventricular tachycardia (VT, 2.9 £ 1.8 after treat-
ment vs. 4.5 + 2.0 before treatment, per patient per month, P
=0.01), sVT (0.51 £ 0.77 after treatment vs. 1.2 £+ 0.9 before
treatment, per patient per month, P = 0.001), and nsVT (2.65

Table 3. Changes in the Echocardiographic Parameters and
NT-proBNP

Basal Follow-up P
LVEF, % 259+23 28,7+3,6 0.025
GLS, % -12.6+0.9 -147+1.2 0.03
E/E’ 152+23 13.1+1.1 0.035
PASP, mm Hg 37.9+3.9 34.1+£32 0.064

NT-proBNP, pg/L  1,333.74+564.3 1,136.1 £629.5 0.02

+ 1.58 after treatment vs. 3.84 + 0.64 before treatment, per pa-
tient per month, P = 0.01) during the observation period. Con-
cerning VF episodes, a non-significant trend for fewer events
could be detected (0.00 + 0.00 after treatment vs. 0.05 £ 0.02
before treatment, events per patient per month, P=0.11).

The rate of all ICDt (ATP and ICD shock) decreased signifi-
cantly during the observational period (0.49 + 0.76 after treat-
ment vs. 0.89 + 1.38 before treatment, events per patient per
month, P=0.014). While there was only a non-significant trend
toward a reduction in appropriate ICD shocks (0.00 + 0.0 after
treatment vs. 0.02 £+ 0.03 before treatment, events per patient
per month, P = not significant (NS)). The burden of appropriate
ATPs was significantly reduced (0.57 + 0.80 ATPs after treat-
ment vs. 0.65 + 0.91 ATPs before treatment, events per patient
per month, P = 0.03). The arrhythmic events and ICD therapy,
which were assessed in two distinct groups before and after da-
pagliflozin introduction, are detailed in Table 4.

Change in arrhythmic events and NYHA class
Patients with a more advanced functional class show a great-

er reduction in total ventricular events compared to patients

Table 4. Arrhythmic Events and ICD Therapy Were Assessed
in Two Distinct Groups Before and After Dapagliflozin (DAPA)
Introduction

Before DAPA After DAPA P
VTA 45+2.0 29+1.8 0.01
sVT 1.2+0.9 0.51+£0.77 0.001
nsVT 3.84+0.64 2.65+1.58 0.01
VF 0.05 £ 0.02 0.0£0.0 0.11
ICDt 0.89+1.38 0.49 +£0.76 0.014

LVEF: left ventricular ejection fraction; GLS: global longitudinal strain;
E/E’; ventricular filling index; PASP: pulmonary arterial systolic pres-
sure; NT-proBNP: N-terminal B-type natriuretic peptide.

ICD: implantable cardioverter defibrillator; VTA: total ventricular ar-
rhythmias; sVT: sustained ventricular tachycardia; nsVT: non-sustained
ventricular tachycardia; VF: ventricular fibrillation; ICDt: ICD therapies.
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Figure 3. Trend of total ventricular arrhythmic events considering the basal NYHA functional class. Dapa: dapagliflozin; NYHA:

New York Heart Association.

with a better functional class. In the NYHA III/IV group, the
number of VTA cases before treatment (events per patient per
month) was 5.5 £ 1.8, while it was 2.2 + 0.8 after treatment (P
=0.001). In the NYHA I/II group, the number of VTA cases
before treatment (events per patient per month) was 4.5 + 2.2
vs. 3.5 £ 2.1 after treatment (P = 0.02) (Fig. 3).

The rate of appropriate ICDt (ATP and ICD shock) de-
creased significantly during the observational period in the
NYHA HI/IV group, from 0.66 + 0.46 before treatment to 1.1
+ 1.08 after treatment (events per patient per month) (P = 0.02),
but no significant reduction was observed in the NYHA /I

group, with an ICDt of 0.69 = 0.33 before treatment vs. an ICDt
after treatment of 0.52 + 0.41 (events per patient per month, P =
0.14). Arrhythmic events and ICD therapy, which were assessed
in two distinct groups according to the basal functional class
(NYHA I/I and NYHA III/IV), are detailed in Table 5.

According to NYHA class, the variation of VTA in two
independent groups was evaluated simultaneously by means
of a two-way ANOVA test. There was a statistically significant
interaction with large effect size between VTA improvement
and NYHA class (F(1,115) = 142.25, P< 0.0001, partial n> =
0.553) (Fig. 4).

Table 5. Arrhythmic Events and ICD Therapy That Were Assessed in Two Distinct Groups According to the Basal Functional Class

(NYHA I/ and NYHA 11I/1V)

NYHA I/I1 NYHA III/TV
Before DAPA After DAPA P Before DAPA After DAPA P

VTA 45+£22 35+2.1 0.02 55+1.8 22+0.8 0.001

sVT 0.7+0.2 0.6+0.1 NS 1.9+0.3 04+0.2 0.02

nsVT 39+1.0 29+09 0.02 39+1.2 1.7+1.0 0.01

VF 0.0£0.0 0.0£0.0 NS 02+0.1 0.0£0.0 NS
ICDt 069 + 0,33 0.52+0.41 NS 1.1 £1.08 0.66 £ 0.46 0.02

ICD-sc 0.1£0.0 0.0+ 0.0 NS 02+0.1 0.1£0.0 NS

ATP 0.6+0.2 0.6 +0.1 NS 1.5+£0.6 04+0.2 0.003

ICD: implantable cardioverter defibrillator; NYHA: New York Heart Association; VTA: total ventricular arrhythmias; sVT: sustained ventricular tachycar-
dia; nsVT: non-sustained ventricular tachycardia; VF: ventricular fibrillation; DAPA: dapagliflozin; ICDt: ICD therapies; ATP: anti-tachycardia pacing.
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Figure 4. Interaction chart between VTAimprovement and NYHA class, obtained by a two-way ANOVA test. VTA: total ventricular
arrhythmias; NYHA: New York Heart Association; ANOVA: analysis of variance; Dapa: dapagliflozin.

Changes in arrhythmic events and ventricular reverse re-
modeling

Upon dividing the population according to ventricular reverse
remodeling, a significant difference in the reduction in the
number of ventricular arrhythmic events is observed.

Patients with significant reverse remodeling (ALVEF >
15%, n = 50) showed a greater reduction in the total number
of ventricular events from 5.1 + 1.6 before treatment to 2.5 £+
1.1 after treatment (events per patient per months, P = 0.01),
but no significant reduction is observed in the patients without
significant reverse remodeling (ALVEF < 15%, n = 67, 4.9 +
2.1 before treatment vs. 4.5 + 2.1 after treatment (events per
patient per month), P = NS) (Fig. 5).

The rate of appropriate ICDt (ATP and ICD shock) de-
creased significantly during the observational period in patients
with significant reverse remodeling (ALVEF > 15%, 1.0 + 1.1
before treatment vs. 0.77 + 0.42 after treatment (events per pa-
tient per month), P = 0.02), but no significant reduction was
observed in the patients without reverse remodeling (ALVEF <
15%, 0.58 + 0.31 before treatment vs. 0.53 + 0.40 after treat-
ment (events per patient per month), P=NS). Arrhythmic events
and ICD therapy, which were assessed in two groups divided by
ventricular reverse remodeling, are detailed in Table 6.

The variation of VTA in two independent groups accord-
ing to ventricular reverse remodeling was evaluated simul-
taneously by means of a two-way ANOVA test. There was a
statistically significant interaction with a large effect size be-
tween VTA improvement and ALVEF (F(1,115) = 107,678, P
<0.0001, partial n2 = 0.484) (Fig. 6).

Change in ventricular arrhythmic events, subgroup
analysis

We studied the changes in VTA and ICDt in various subgroups
and evaluated the interaction effect of the selected variables.

The subgroups studied included: diabetic/non-diabetic pa-
tients, male/female, guideline- directed medical therapy (GDMT)/
suboptimal-GDMT, amiodarone/no amiodarone, ICM/NICM
(Table 7).

GDMT meant the presence of the four pillars of optimal
medical therapy according to the guidelines (70/117). The sub-
optimal-GDMT subgroup (47/117) provided for the absence
of at least one of the four pillars (MRA in 38.5% of cases). A
significant reduction in ventricular arrhythmic events was ob-
served in all subgroups. A two-way ANOVA test shows a small
effect size for the variables studied, except GDMT, which pre-
sented a large effect size (P = 0.03, n> = 0.184) (Table 7).

Regarding the changes in ICDt, a significant reduction
was observed after the subdivision of the subgroups according
to the selected variables, but it was not possible to perform an
interaction analysis for the small number of events.

Discussion

SGLT2is have been shown to be effective in reducing the oc-
currence of death and hospitalization in HF patients [1-4].
Ventricular arrhythmias are common in patients with HF, espe-
cially of systolic genesis. Although several studies have shown
that the use of SGLT?2i is associated with a reduction in the
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Figure 5. Trend of total ventricular arrhythmic events considering the ventricular reverse remodeling. ALVEF < 15%: patients
without ventricular reverse remodeling; ALVEF > 15%: patients with ventricular reverse remodeling). Dapa: dapagliflozin; NYHA:
New York Heart Association; LVEF: left ventricular ejection fraction.

number of atrial and ventricular arrhythmic events [5, 6], the
burden of cardiac arrhythmias is still a matter of debate, espe-
cially in the field of ventricular burden. Several potential direct
antiarrhythmic actions related to SGLT2 inhibitors have been
hypothesized [12-19]. The most intuitive indirect antiarrhyth-
mic effect is the improvement of hemodynamic status and the
structural remodeling induced by the treatment. Therefore, in
our study, we tried to highlight whether the functional class,
i.e., the pre-treatment clinical status, could influence improve-
ments in ventricular events and, in the same way, analyze

whether treatment-induced remodeling was related to the trend
of ventricular arrhythmic events and ICDt.

Arrhythmic events and NYHA class

Upon analyzing the data of our study, a significant reduction in
the number of ventricular events and ATP therapies is observed
in the short-medium term. Dividing the population according to
the basal NYHA functional class, there was a more significant

Table 6. Arrhythmic Events and ICD Therapy That Were Assessed in Two Groups Divided by Ventricular Reverse Remodeling

A LVEF < 15% ALVEF > 15%
Before DAPA After DAPA P Before DAPA After DAPA P

VTA 49+2.1 45+2.1 NS 51+1.6 25+1.1 0.01

sVT 0.9+0.3 0.5+£0.2 NS 1.2+03 0.8+0.2 0.02

nsVT 34+1.1 29+1.0 0.03 39+1.5 1.8+1.1 0.002

VF 0.0+0.0 0.0+0.0 NS 02+0.0 0.0£0.0 NS
ICDt 0.58 £0.31 0.53+£0.40 NS 1.0+1.1 0.77 £0.42 0.02

ICD-sc 0.0+0.0 0.0+0.0 NS 0.2+0.1 0.0+0.0 NS

ATP 0.7+0.2 0.6+0.2 NS 14+03 09+0.2 0.001

ICD: implantable cardioverter defibrillator; VTA: total ventricular arrhythmias; sVT: sustained ventricular tachycardia; nsVT: non-sustained ventricular
tachycardia; VF: ventricular fibrillation; DAPA: dapagliflozin; ICDt: ICD therapies; ICD-sc: single-chamber cardioverter defibrillator; ATP: anti-tachy-

cardia pacing.
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Figure 6. Interaction chart between VTA improvement and ventricular reverse remodeling, obtained by a two-way ANOVA test.
VTA: total ventricular arrhythmias; LVEF: left ventricular ejection fraction; ANOVA: analysis of variance; Dapa: dapagliflozin.

Table 7. Change in the Ventricular Arrhythmic Events in Various Subgroups

VTA 4.7+2.7 3.7+£29 0.025 49+2.0 3.7+£29 0.02 0.25/0.021
ICDt 0.54+0.7 0.40+0.3 0.02 0.51+0.7 0.43+0.5 0.02

VTA 46+19 3.1+£23 0.02 4.7+18 33+24 0.025 0.20/0.039

ICDt 0.79+1.3 0.47+0.7 0.01 0.69+1.4 0.39+0.5 0.018

VTA 53+1.2 29+19 0.01 44+2.1 3.1+£21 0.02 0.20/0.033
ICDt 0.49+0.9 0.38+0.3 0.025 0.51+0.7 0.43+0.6 0.02

VTA 44+2.1 3.1+£24 0.02 50+1.5 3525 0.015 0.15/0.043

ICDt 0.56 0.8 0.44+0.3 0.03 0.69 +0.7 0.57 + 0.6 0.025

VTA 43+2.0 2.7+1.6 0.015 49+1.4 42+24 0.035 0.03/0.184
ICDt 0.51+0.8 0.40+0.4 0.02 0.57+0.7 0.49+ 0.6 0.03

ICD: implantable cardioverter defibrillator; VTA: total ventricular arrhythmias; ICDt: ICD therapies; ICM: ischemic cardiomyopathy; NICM non-ischem-
ic cardiomyopathy; GDMT: guideline- directed medical therapy.
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improvement in VAD in the group of patients with a more
compromised functional class. To confirm the hypothesis of
a statistically significant interaction between VTA variation
and basal functional class, a two-way ANOVA test was used,
which showed an interaction with a large effect size. This
finding could be justified by the benefits of the treatment-
related immediate volume depletion effect, which is more
evident in patients with a worse functional class and with a
greater hemodynamic overload. In support of this hypothesis,
our data confirm that the group of patients with a more com-
promised functional class presents with echocardiographic
and biochemical indices indicative of greater hemodynamic
overload. Although in the DAPA-HF trial, the baseline func-
tional class does not influence the study endpoints, a subse-
quent analysis of the DAPA-HF data [25] showed that clinical
benefits in the short-medium term were observed in patients
who were more symptomatic at baseline. This benefit of da-
pagliflozin is mostly observed in the first 4 months and then
stabilizes in the following period. Various well-known pieces
of evidence demonstrate the lack of short-term efficacy of
SGLT2i on the hemodynamic parameters in low-risk patients.
A previous study showed that the most stable patients did not
experience a reduction in BNP after treatment with SGLT2i
in the short-term period, while other studies have shown that
there was no significant improvement in the ventricular fill-
ing indices or signs of diastolic function among more stable
patients, compared to more clinically compromised patients
[8, 26]. Some studies showed that the starting functional
class modifies the result in terms of reverse remodeling in
the short-medium term; this is more evident in patients with
a more compromised clinical state [27, 28]. This evidence
could support the hypothesis of the indirect antiarrhythmic
action of SGLT2i influenced by short-term hemodynamic
improvement.

Arrhythmic events and ventricular remodeling

In our work, we also evaluated the correlation between remod-
eling and the reduction in the occurrence of ventricular events.
As is well known, the reversal of cardiac remodeling is asso-
ciated with clinical improvement, a better quality of life, and
a reduction in the risk of hospitalization and death from HF
[29-31]. Cardiac remodeling is a complex process involving
various pathophysiological pathways, including inflammation,
oxidative stress, metabolic abnormalities, mitochondrial dys-
function, autophagy, and apoptosis, resulting in myocyte loss,
cardiac hypertrophy, and interstitial fibrosis [32-34]. SGLT2is
exhibit favorable hemodynamic and vascular effects mediated
by several mechanisms that have been shown to reduce cardiac
preload and afterload, and thus could mitigate left ventricular
(LV) stretching and wall stress, leading to a reduction in the LV
volume and an improvement in systolic function indices [7-
11, 35-37]. In our study, upon dividing the population accord-
ing to ventricular reverse remodeling, a significant difference
in the reduction in the occurrence of ventricular arrhythmic
events was observed. Patients with significant reverse remod-
eling show a greater reduction in total ventricular events, but

no significant reduction is observed for the patients without
significant reverse remodeling. To confirm the hypothesis of a
statistically significant interaction between VTA variation and
ventricular reverse remodeling, a two-way ANOVA test was
used, which showed an interaction with a large effect size.

Arrhythmic events and GDMT

In all of the subgroups divided according to several variables,
a significant reduction in arrhythmic ventricular events and
ICD therapy was observed. By way of interaction analysis, we
observed an interaction with a large effect size between opti-
mized therapy and the benefit of dapagliflozin. Dapagliflozin
produces a greater benefit in patients with optimized medical
therapy compared to patients who did not undergo optimized
therapy. This result could be explained by a hypothetical posi-
tive interaction between all four pillars used in HF, which jus-
tify the better benefit observed when used together.

Conclusions

In summary, in this observational study, dapagliflozin produc-
es ventricular reverse remodeling and reduces the incidence of
ventricular arrhythmias in patients with HFrEF. The benefit for
ventricular arrhythmic events appears to be more significant in
patients with a reduced basal functional capacity, related to the
hemodynamic improvement obtained through the treatment,
and in patients with significant reverse remodeling. Therefore,
we can hypothesize that, although the pleiotropic effects of
SGLT2is are varied and constantly evolving, a significant re-
duction in VAD at least in the short-medium term, is indirectly
obtained by dapagliflozin treatment, inducing hemodynamic
and structural improvements.

Study limitations

Our study had several limitations. First, the small size of the
population examined certainly affects the statistical evaluation
of the comparison between means and, therefore, it would be
desirable to evaluate a larger population to make the correla-
tion analysis reliable. The exclusion of patients with various
conditions of instability during the observation reduced the
sample size of the population. Secondly, ventricular events
were evaluated for a brief period before and after treatment,
meaning that, for some forms of arrhythmia, such as VF, the
number is so small that it has no statistically significant value.
As aresult, our findings should be regarded as hypothesis-gen-
erating and, therefore, they require confirmation.
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