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Abstract

Background: Sodium-glucose co-transporter 2 (SGLT2)
inhibitions reduce cardiovascular eventsin patients with type
2 diabetes (T2DM) and are associated with a reduction in left
ventricular (LV) mass index. However, the impact on right ven-
tricular (RV) remodeling is unknown. Dapagliflozin was proven
to decrease cardiovascular death, heart failure hospitalization in
patients who have an ejection fraction of 40% or less. However
the impact on patients who have preserved ejection fraction is
not yet proven, there have been many advances in noninvasive
RV imaging during the past decade, echocardiography remains
the most accessible and easiest method to assess RV volumes
and functions.

Aim of Study: This study aimed to examine the effect of
dapagliflozin on RV function assessed by different methods in
patients with heart failure with preserved ejection fraction (HF-
pEF) and T2DM at baseline and after 6 months of treatment.

Patients and Methods: This study was carried-out on 40
patients with definite diagnosis of HFpEF. The patients were
collected from Al-Arish University Hospital (Cairo, Egypt).
All patients included in the study were subjected to different
echocardiography parameters, both conventional parameters
tight ventricle / left ventricle diameter ratio, RV fractional area
change, tricuspid annular plane systolic excursion (TAPSE),
tricuspid valve (T'V) TDI velocity, and RV speckle tracking
parameters(RV global strain (RV GS) and RV free wall strain
before treatment and after 6 months of medical treatment that
include dapagliflozin.

Resuits: All echocardiographic parameters mean * SD as-
sessed in blinded fashion at baseline as follow TAPSE (17.02),
FAC (33.85%), RV diameter/LV diameter ratio >1 (52.5%)),
RVOT Systolic excursion (4.55mm), RV GS (-17.17). RV
free wall strain (-21.17), PAP (32mmHg) and after using the
dapagliflozin were TAPSE (20.97), FAC (36.9%) RV diameter/
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LV diameter ratio >1 (not recorded), RVOT Systolic excursion
(5.52mm), RVGS (-20.7), RV free wall strain (-24.72), PAP

(20mmHg). There was significant correlation between effects

of using dapagliflozin on RV improvement changes from base-

line to 6 months.

Conduction of this Study: This study concluded that treat-
ment with dapagliflozin for diabetic patients type 2 with HFpEF
enhanced the RV systolic function measured by different echo-
cardiography parameters.
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Introduction

HEART failure with preserved ejection fraction in-
fluences half of all patients with heart failure (HF).
While formerly neglected, the right ventricle has
sparked importantly in recent years. Right ventricu-
lar disorder (RVD) is found in 4%-50% of patients
with HFpEF [1].

Dapagliflozin is an inhibitor of sodium-glu-
cose co-transporter-2, the transporters ordinarily
answerable for the re-absorption of glucose within
side the kidney. It is used clinically as an accessory
to weight loss. More recently, the use of empagal-
iflozin and dapagliflozin changed to be used now
in patients with heart failure with reduced ejection
fraction (HFrEF) without or with type 2 diabetes
mellitus [2]. The mechanism of these benefits, espe-
cially on decreasing HF hospitalizations and cardi-
ovascular death remains uncertain. it may be related
to decreased inflammation, the extracellular matrix
and fibrosis [3].

The sodium-glucose cotransporter 2 inhibitor
empagaliflozin and dapagliflozin were proven to
reduceall-cause mortality and heart failure hospital-
ization in patients with type 2 diabetes and estab-
lished atherosclerotic cardiovascular disease (AS-
CVD) who have an ejection fraction of 40% or less
[4]. Other SGLT?2 inhibitors have also been evalu-
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ated in large cardiovascular (CV) outcome trials in
those at risk for, or with established ASCVD, and
have shown similar results [5].

More recently, the benefit of dapagliflozin and
empagaliflozin was confirmed in patients with
HF with reduced ejection fraction with or without
T2DM [6]. The mechanism of these benefits, par-
ticularly on reducing HF hospitalizations and CV
death, remains unclear. In diabetic kidney disease
dapagliflozin was associated with attenuated or de-
creased levels of biomarkers that suggest an effect
on molecular processes related to inflammation, the
extracellular matrix and fibrosis [3]. Other proposed
mechanisms of SGIT?2 inhibition include natriuret-
ic, osmotic diuresis, a reduction in preload and after
load, and inhibition of the cardiac sodium-hydrogen
exchanger. However, whether and how these me-
diators alter cardiac structure and function remain
incompletely understood [3].

Aim of the work:

This study aimed to study the effect of dapagli-
flozin on RV function measured by different meth-
ods including speckle tracking in patients with HF-
pEF and type 2 diabetes mellitus.

Patients and Methods

This study was carried-out on 40 patients with
definite diagnosis of HFpEF; the patients were col-
lected from Al-Arish University Hospital from 1st
of June 2021 to 31st of January 2022.

The purpose and design of the study were ex-
plained to the patients and the family members.
The confidentiality of information obtained was
maintained and revealed only to the doctor/auditor
involved in the study and to regulatory authorities.
The study was conducted on ethical guidelines for
Biomedical Research on human subjects given by
Central Ethical Committee on Human Research,
New Delhi, in addition to principles enunciated in
the "Declaration of Helsinki".

All patients included in the study subjected to
different parameters of echocardiography include
both conventional parameters and RV speckle track-
infg parameters before treatment and after 6 months
of slandered recommended dose 10mg once daily of
dapagliflozin.

Inclusion criteria:

Patients with definite diagnosis of HFpEF (that
defined according to ESC guidelines 2023 that
patients have symptoms and signs of HF and EF

-50%) were included in the study [7].

Exclusion criteria:

All of the following patients were excluded
from the study: Patients with obstructed cardiomyo-
pathy, patients with permanent pacemakers (PPM),

atrial fibrillation (AF), and moderate to severe val-
vular heart disease, pregnant patients, and patients
with poor echogenic window.

All patients underwent the following:

* Full history, clinical examination, and 12-lead
Electrocardiogram (ECG):

Age, sex, history of risk factors as hypertension,
smoking, diabetes, hypercholesterolemia, obesity,
positive family history of ischemic heart disease
(IHD), history of IHD, general full examination and
local cardiac examination, ECG.

* Laboratory investigation:

Include liver function, renal function, complete
blood count, coagulation profile and serum electro-
lytes.

» Echocardiographic evaluation:

- Measurement of LV systolic function using con-
ventional techniques and measurement of right
ventricle/left ventricle diameter ratio which nor-
mally less than one [8].

- RV Fractional area change was measured using
RV focused apical four-chamber view the Amer-
ican Society of Echocardiography and the Euro-
pean Association of Cardiovascular Imaging in
2015 described the normal range for RV-FAC, and
a value of <35% was taken as suggestive of RV
systolic dysfunction [8].

- Tricuspid annular plan systolic excursion (TAPSE)
was measured using M-mode echocardiography,
normal values are more than 18mm [8].

- Tissue Doppler image (TDI)-lateral ¢' tricuspid
annular velocity and normal range above 11 cm/S
-

-TV TDI §' velocity was measured by recording the
peak systolic velocity at the lateral tricuspid valve
annulus using TDI, normalrange 13-15cm/S [9).

- RV global longitudinal strain (GLS): There are
two types: RV-GLS total and RV-GLS free wall.
RV-GLS total includes the strain value of the ven-
tricular septum added to RV-GLS free wall. The
exclusion of the inter-ventricular septum in RV-
GLS free wall is based on the consideration that it
reflects both right and left systolic function. How-
ever, systolic inter-ventricular dependence greatly
contributes to RV longitudinal shortening [10].

- In this study, RV-GLS total was measured. Frame
rate was kept between 60 and 90/min, and RV-fo-
cused apical four-chamber view was used. The
machine used was GE vivid E 90 machine, Low-
est expected normal value of RV global strain was
—17% and lowest expected normal value for RV
free wall strain was —19% [ill.

- RVOT Systolic excursion (SE) less than 5Smm was
80% sensitive and 76% specific to identify pa-
tients with impaired RV function [10].



Osama M. Abu-Bakr & Fatma H. Shaheen

Statistical methods:

Descriptive statistics for categorical variables
were reported as frequency and percentage, where-
as continuous variables were reported as mean and
standard deviations. Comparisons between the
echocardiographic parameters measured before and
after treatments wete carried out using paired t-test.
Also, Chi”-test used for percentage comparison.

Results

Baseline characteristics of the study population
(Table 1):

The mean £ SD age of this study population was
161.15 year. All patients included in this study had
preserved left ventricle rejection fraction (LVEF)

-50%, the mean * SD of LVEF * 58%. Male pa-
tients were 23 (57.5%) and female were 17 (42.5%).

Diabetes mellitus observed in 40 (100%), hypet-
tension observed in 33 (82.5%) and the number of
smokers were 30 (75%). The dyslipidemia observed
in 35 (87.5%) of the examined patients while, those
suffering from obesity reached to 34 (85%).

While the patients suffering from coronary ar-
tery disease (CAD) reached to 31 (77.5%), and
chronic kidney disease (CKD) their number reached
to 7 (17.5%).

Effect of treatment by dapagliflozin for 6 months:

Table (2) shows the effect of dapagliflozin on
the Right ventricle RV) function.

The systolic blood pressure before treatment
was 159 while, after treatment reached to 141.4.
The LVH (as cut off points to diagnose LVH is LV
wall thickness in diastole >12mm by M mood be-
fore treatment was observed in 33 (82.5%) before
treatment, and after treatment was 29 (72.5%).
The TAPSE level increased from 17% to 21% af-
ter treatment. Assessment of the RV function by
usini% speckle tacking echocardiography showed
much improvement ot RV function after 6 months
of dapagliflozin treatment, as the RV global strain
before treatment reached to -17.5% and after treat-
ment reached to -20.7% and The RV free wall strain
before treatment was -21.6% and after treatment
reached to 24.7% while the FAC before treatment
was 33.85% and after treatment reached to 36.9%.
The RV diameter/LV diameter ratio > 1 observed in
21 (52.5%) before treatment and not recorded after
treatment in any patient. The RVOT Systolic excur-
sion before treatment was 4 5mm and after treat-
ment reached 5.5. The TDI es lateral tricuspid an-
nulus level was 7.2cm/s and after treatment reached
to 13.2cm/s and the TDE s' TA systolic velocity
was around 9cm/s before treatment and reaches to
13 cm/s after 6 months of Trr. Pulmonary artery
}fgressure measured by echocardiography decreased

rom 3 ImmHg to 20 after treatment. No signifi-
cant changes of left ventricle EF before and after 6
months of treatment.
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Table (1): Population characteristics.

Variables Number Percentage
Male 23 57.5
Female 17 42.5
Diabetic 40 100
Hypertensive 33 82.5
Smoker 30 75.5
Dyslipidemia 35 87.5
Obesity 34 85

CAD 31 77.5
CKD 7 17.5

CAD : Coronary artery disease.
CKD : Chronic kidney disease.
LVEF: Left ventricle ejection fraction.

Table (2): Echocardiographic parameters including speckle
tracking in the study population.

. Before After p- Sig-
Variables treatment treatment  value nificant
TAPSE 17£1.8 2142 11.89 00001 %

*%
*%
*%
kkk

RV Global strain -17.5%t1.6  -20.7+1.9 1842 0.0001
RV free wall strain -21.6+1.6 -24.7¢19 184 0.0012
FAC 33.810.7 36.9+1 66.7 0.0014
RV diameter/LV 21 (52.5%) 0
diameter ratio
>1
RVOT Systolic 4.5%1
excursion

5.5£0.9 741  0.0013  **

TDI e 7.2_1#1 13.2+1.8 20.78 0.0015  **
PAP 32423 20+24 66.7  0.00012 ***
Number and Number and

percentage ercentage of
Variables of patients P . & Significant
patients after
before
treatment
treatment
Presence of LVH 33 (82.5%) 29 (72.5%) 0.0014

NS = Non-significant at (p>0.05).

* = Significant at (p<0.05).

* = Significant at (p<0.01)

FAC : Functional area change.

RV : Right ventricle.

RVOT SE: Right ventricular outflow tract systolic excursion.
TAPSE : Trans-annular peak systolic excursion.

TDI : Tissue Doppler image.
PAP : Pulmonary artery pressure.
Discussion

The present study provides insights into effect
of dapagliflozin on RV function in patients with
HFpEF and d T2DM. Diastolic disorder is related
to cEastructive effects and is associated with adverse
outcome in heart failure with preserved ejection
fraction (HFpEF) and even in healthy individuals.
Dapagliflozin decreased the chance of total HF
events, or recurrent in addition to initial occurrenc-
es, in individuals with HF with mildly reduced EF
éHFrEP) or heart failure with preserved ejection
raction (HFpEF) [12].
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Our study showed that the baseline characteris-
tics of the patients with HFpEF commonly observed
in patients with old age specifically at 60 years or
greater, and in male more than female. Also, in
smoker patients and patients with diabetes, hyper-
tension, dyslipidemia, obesity, CAD and CKD.

In terms of structure, function, loading circum-
stances, and disease adaptability, the RV differs
significantly from the LV [13]. Importantly, thete's
a paucity of records on how SGLT2 inhibition im-
pacts the morphology and characteristic of the RV
[14].

Regarding age and comorbidities our result was
concordant with the study done by Forsyth et al.,
2021 [15] who stated that the predominant charac-
teristics of patients with HFpEF were advanced age,
and multimorbidity. The prevalence of comorbidi-
ties has been reported to be higher in HFpEF than
HF+EF, consistent with the idea that comorbid con-
ditions drive the inflammatory response leading to
HFpEF [16].

Regarding gender our result was in contrast with
studies done by Duca et al., [17] and Sotomi et al.,
[18] who stated that HFpEF affects more women
than men, suggesting gender to play a major role
in disease evolution. This discrepancy related to
difference in sample size and variance in patients'
presentation and duration of follow-up.

Our study showed that dapagliflozin improves
RV characteristic: TAPSE, RV global strain, RV
freewall, strain, FAC degree of RV, RVOT Systolic,
and TDI degree after six month of treatment than
earlier, assessment of the RV function by using
speckle tacking echocardiography cleared much im-
%royement of RV function after 6 month of dapagli-

ozin treatment.

Patoulias et al., [18] stated that patients with
T2DM are known to have reduced RV end-systol-
ic and end-diastolic volumes as well as impaired
RV systolic and diastolic performance, even if they
are newly diagnosed or do not yet have established
CAD or HF. This intimate connection has also been
demonstrated in individuals with concurrent T2DM
and HFpEF, where T2DM is linked, independent-
ly of right ventricular after load, to a markedly in-
creased risk of RV systolic and diastolic dysfunc-
tion. Metabolic (hyperglycemia, hyperlipidemia,
and hyperinsulinaemia), inflammatory, mechanis-
tic (left ventricular involvement), and epigenetic
mechanisms have all been linked to right ventricular
involvement in T2DM. As a result, right ventricular
dysfunction may be a sign of diabetic cardiomyo-
pathy.

Unfortunately, there is significant gap of knowl-
edge about impact and beneficial effect of SGLT-2
inhibitorson right ventricular function and the sub-
sequent cardiovascular implications [14].

Sarak et al., [19] stated that, it stays unknown
whether or not Sodium-glucose co transporter 2
inhibition may also have an impact at the RV in
left-sided HF with mixed pre- and post-capillary
pulmonary high blood pressure.

Bami et al., [20] reported that SGLT2 inhibition
may also affect ventricular interdependence via way
of means of changing filling pressures, diastolic
characteristic, systolic blood strain and pulmonary
pressures.

Our results are considered to be in harmony with
the study done by Connelly et al., [20] who stud-
ied if SGLT2 inhibition would reduce the structur-
al, functional, and molecular responses to pressure
overload of the right ventricle in thirteen-week-old
Fischer F344 rats who underwent pulmonary artery
banding (PAB) or sham surgery. They reported that
dapagliflozin reduces the structural, functional, and
molecular manifestations of right ventricular pres-
sure overload [21].

Our study showed that, dapagliflozin improves
pulmonary hypertension and reduced PAP after 6
month of treatment decreased from 31 to 20 after
treatment. This result agreed with study performed
by Nassif et al., [22] but different as that done on
HFrEF and diabetic patients [21] they studied So-
dium glucose co-transporter 2 (SGLT2) inhibitors
effects on (PAP) in patients with HFrEF, In overall,
93 patients were screened, and 65 were randomized
(33 to SGLT2 inhibitors, 32 to placebo), SGLT2
inhibitors significantly reduced PADP, with effects
that began at week 1 and amplified over time; aver-
age PADP (weeks 8-12) was 1 5mm Hg lower (95%
CI, 0.2-2.8; p=0.02); and at week 12, PADP was
1.7mm Hg lower (95% CI, 0.3-3.2; p=0.02) with
SGLT?2 inhibitors versus placebo. So, they report-
ed that SGLT2 inhibition reduced pulmonary artery
pressures unbiased of loop diuretic therapy and im-
proved New York Heart Association (NYHA) clas-
sification in patients with HFrEF [22].

Conclusion:

The use of dapagliflozin improve the RV char-
acteristic and function including TAPSE, RV glob-
al strain, RV free wall, strain, FAC degree of RV,
RVOT Systolic excursion, PAP and TDI degree af-
ter six months of treatment.
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