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Abstract

Purpose
Left atrial (LA) strain, a novel marker of LA function, reliably predicts diastolic dysfunction and outperforms
conventional parameters. SGLT2 inhibitors improve heart failure outcomes, but limited data exists regarding
their use in the immediate aftermath of acute coronary syndrome (ACS). We studied the effect of empagli�ozin
on LA strain in patients with type 2 diabetes (T2D) and ACS.

Methods
Patients with ACS and T2D were identi�ed and empagli�ozin was initiated in eligible patients prior to
discharge. Patients not initiated on empagli�ozin were analysed as a comparator group. A blinded investigator
assessed LA strain using baseline and 3–6 month follow-up echocardiograms.

Results
Forty-four participants (n = 22 each group) completed the study. Baseline characteristics were similar (age 60.8 
± 9.5 vs 65.1 ± 10.4 years, LA volume 32.2 ± 9.4ml/m2 vs 35.2 ± 11.6ml/m2, left ventricular ejection fraction
51.1 ± 11.3% vs 54.9 ± 10.8%; p = NS) in the two groups, except HbA1c was higher in empagli�ozin group (9.8 ± 
1.6% vs 6.6 ± 0.7%, p < 0.001). Baseline LA strain was similar between groups (reservoir 28.0 ± 8.4% vs 29.2 ± 
6.7%, conduit 14.5 ± 5.4% vs 12.8 ± 4.2%, contractile 13.5 ± 5.2% vs 16.5 ± 5.3%; p = NS). LA reservoir, conduit
and contractile strain increased in empagli�ozin group (28.0 ± 8.4% to 34.6 ± 12.2% p < 0.001, 14.5 ± 5.4% to
16.7 ± 7.0% p = 0.034, 13.5 ± 5.2% to 17.9 ± 7.2% p = 0.005 respectively) but remained unchanged in comparison
group (29.2 ± 6.7% to 28.8 ± 7.0%, 12.8 ± 4.2% to 13.3 ± 4.7%, 16.7 ± 5.3% to 15.5 ± 4.5% respectively, p = NS).
The difference in change between groups was signi�cant for LA reservoir (p = 0.003) and contractile strain (p = 
0.005).

Conclusion
In patients with ACS and T2D, addition of empagli�ozin to standard ACS therapy prior to discharge is
associated with improved LA function. Larger studies are warranted to determine clinical implications.

Introduction
The left atrium (LA) plays a crucial role in modulating �lling of the left ventricle (LV) by acting as a reservoir for
venous return during systole, a conduit of blood �ow into the LV during diastole and a pump to enhance LV
function, contributing up to a third of cardiac output [1, 2]. Studies have shown that LA dysfunction is a
powerful predictor of heart failure (HF), myocardial infarction, atrial �brillation and cardiovascular death [3, 4].
Current echocardiographic guidelines recommend LA volume index for assessment of LA function, however
this is an insensitive surrogate for early diastolic dysfunction, cannot be used as a marker for improvement in
diastolic function and provides limited prognostic information [5, 6]. LA strain assessed using two-dimensional
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speckle-tracking echocardiography has emerged as a viable alternative [3, 6–8]. LA strain improves the
sensitivity of detecting early diastolic dysfunction, can reduce the proportion of indeterminate cases of HF with
preserved ejection fraction (HFpEF) and can improve prognostication in diastolic dysfunction [3, 6, 9].

Sodium-glucose cotransporter 2 (SGLT2) inhibitors are a class of oral glucose-lowering agents that have been
shown to reduce HF hospitalisations in patients with and without type 2 diabetes (T2D), and can provide a
mortality bene�t in patients with T2D and cardiovascular disease [10–15]. Moreover, in the EMPEROR-
Preserved trial, empagli�ozin reduced HF hospitalisations in patients with HFpEF, regardless of the presence or
absence of diabetes [16]. Accordingly, SGLT2 inhibitors are strongly recommended by international guidelines
for patients with heart failure with reduced ejection fraction (HFrEF) regardless of diabetes status and this has
recently been extended to HFpEF [17, 18]. The timing of initiation of SGLT2 inhibitors remains an area of
discussion as despite mounting evidence for early initiation there remains some reluctance in commencing
them soon after an acute illness [19, 20].

Patients with acute coronary syndrome (ACS) demonstrate cardiac remodelling and neurohormonal activation,
resulting in LV and LA dysfunction [21, 22]. Additionally, those with T2D have a higher incidence of LV diastolic
dysfunction and HFpEF following ACS than those without T2D [23]. We have previously shown that early
empagli�ozin use is associated with improved LV diastolic function and reduced LV mass after ACS in patients
with T2D [24]. However, no published studies have investigated the effect of early initiation of SGLT2 inhibitors
on LA strain following ACS. As such, this study aims to investigate whether empagli�ozin, initiated prior to
discharge, is associated with improvements in LA strain following an admission with ACS in patients with T2D.

Materials And Methods

Study Participants
Study methodology has been described in detail previously [24]. Participants provided written informed
consent, ethical approval was obtained from the South Metropolitan Health Service Human Research Ethics
Committee (RGS-3023) and the study was conducted according to the principles of the Declaration of Helsinki.
Brie�y, patients with ACS and T2D were identi�ed during hospital admission. ACS was de�ned as ST-segment
elevation myocardial infarction, non-ST-segment elevation myocardial infarction or unstable angina [25].
Patients with T2D were de�ned as a history of T2D treated by dietary measures or glucose-lowering agents,
new diagnosis of T2D [glycated haemoglobin (HbA1c) > 6.5%] or pre-diabetes (de�ned as HbA1c 6.1–6.5%)
[26]. Exclusion criteria included use of SGLT2 inhibitor or glucagon-like peptide-1 agonist within the last year,
age < 20 or > 80 years, history of diabetic ketoacidosis, type 1 diabetes, atrial �brillation, valvular heart disease
of moderate or greater severity, prior valve surgery, estimated glomerular �ltration rate < 45 ml/min/1.73m2,
pregnancy, hospital re-admission for ACS, arrhythmia, HF or pericarditis during follow-up or planned coronary
intervention, pacemaker insertion or cardiac surgery during follow-up.

Empagli�ozin Treatment
Patients with ACS and T2D were newly initiated on empagli�ozin prior to discharge from hospital if eligible as
per a decision-support algorithm for patients with ACS and T2D at our institution [27]. Due to concerns of
diabetic ketoacidosis, SGLT2 inhibitors were only initiated when the patient was tolerating oral intake and
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haemodynamically stable [28]. At the time of this study, SGLT2 inhibitors were government subsidised in
Australia for patients with T2D and HbA1c > 7% despite use of other glucose-lowering agents [27]. SGLT2
inhibitors were not subsidised as monotherapy for glucose-lowering or for use in combination with a glucagon-
like peptide-1 agonist. The comparison group comprised patients with ACS and T2D not initiated on an SGLT2
inhibitor. These patients had relatively well-controlled T2D (i.e., HbA1c ≤ 7%) from lifestyle measures and/or
other glucose-lowering agents, or who had T2D but also had precautions to SGLT2 inhibitor treatment such as
recurrent genitourinary infections, previous diabetic ketoacidosis or volume depletion.

Echocardiographic Assessment
Transthoracic echocardiography was performed during hospital admission and after a minimum of 3-months
following discharge. Echocardiography was performed using primarily Philips EPIQ machines (Philips Medical
Systems, Andover, MA, USA) and standard imaging planes in accordance with guidelines from the American
Society of Echocardiography [5]. Studies were reported by certi�ed cardiologists blinded to treatment
allocation.

Two-Dimensional Speckle-Tracking Echocardiography
O�ine speckle-tracking analysis was performed using commercially available software (2D Cardiac
Performance Analysis; TomTec, Munich, Germany) on images with a frame rate > 30 frames/sec. To ensure
consistency, all studies were analysed by a single operator who was blinded to treatment allocation. LA strain
curves were generated by manually tracing the endocardial border in the apical two-chamber view and four-
chamber view, with the average result of the two views used for analysis. The software uses R-R gating, with
zero strain set at the beginning of the QRS complex. Tracking was deemed unsatisfactory if the tracking
markers of the software did not accurately follow the motion of the underlying myocardium on visual
inspection [29]. LA strain curves consist of the LA left wall, LA right wall, LA roof and the LA average strain (a
combination of the previous three); data from the average strain was used for strain values. LA strain curves
were divided into three phases: LA reservoir strain (peak longitudinal strain), LA contractile strain (active atrial
contraction) and LA conduit strain (LA reservoir strain minus LA contractile strain) as displayed in Fig. 1. A
comparison of LA strain derived from two-chamber and four-chamber views was also performed to ensure
values are consistent with each view.

Endocardial LV global longitudinal strain was measured by manually tracing the LV endocardial border at the
end of systole as per recommendations and using the average of the apical two-chamber, four-chamber and
three-chamber views [30].

Statistical Analysis
Statistical analyses were carried out using Microsoft Excel (Microsoft Corporation, Redmond, Washington) and
MedCalc software (MedCalc Software Ltd, Ostend, Belgium). Patients were strati�ed according to empagli�ozin
treatment group. Data are presented as mean ± standard deviation, count (percent) or median (quartiles one-
three). Differences between groups were compared using two-samples Student’s t-test, Pearson’s chi-square
test or Mann-Whitney U test. Changes in variables from baseline to follow-up in individuals within each group
were compared using paired Student’s t-test. Differences in the change in variables from baseline to follow-up
between groups were compared using two samples Student’s t-test. Linear regression was used to assess the
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associated between changes in LA strain and other variables from baseline to follow-up. A two-sided p-value of
< 0.05 was used to de�ne statistical signi�cance.

Results

Characteristics and Medications
Overall, 44 participants completed the study, representing 88% follow-up. Twenty-two were discharged on
empagli�ozin (test group) and 22 were discharged on no SGLT2 inhibitor (comparison group) following
hospital admission for ACS. As described in Table 1, baseline characteristics on admission were similar
between the two groups (age 60.8 ± 9.5 vs 65.1 ± 10.4 years, male sex 19 (86.4%) vs 15 (68.2%), LA volume
index 32.2 ± 9.4ml/m2 vs 35.2 ± 11.6ml/m2, LVEF 51.1 ± 11.3% vs 54.9 ± 10.8%; p = NS for all) except for HbA1c
(9.8 ± 1.6% versus 6.6 ± 0.7%, p < 0.001). No patients were readmitted to hospital with diabetic ketoacidosis
during follow-up.
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Table 1
Baseline characteristics on admission in each treatment group.

Characteristic Empagli�ozin at discharge (n 
= 22)

No SGLT2 inhibitor at discharge
(n = 22)

p-
value

Age (years) 60.8 ± 9.5 65.1 ± 10.4 0.163

Gender     0.281

Males 19 (86.4%) 15 (68.2%)  

Females 3 (13.6%) 7 (31.8%)  

Admission diagnosis     0.817

Unstable angina 2 (9.1%) 2 (9.1%)  

NSTEMI 12 (54.5%) 10 (45.5%)  

STEMI 8 (36.4%) 10 (45.5%)  

PCI during admission 17 (77.3%) 15 (68.2%) 0.498

Comorbidities      

Prior MI or PCI or CABG
surgery

4 (18.2%) 7 (31.8%) 0.488

Diabetes duration (years) 5.5 (4–12.25) 8 (4–19.5) 0.667

Diabetes newly diagnosed 4 (18.2%) 3 (13.6%) 1.000

Known hypertension 12 (54.5%) 16 (72.7%) 0.210

Ever-smoker 14 (63.6%) 16 (72.7%) 0.517

Clinical variables      

Body mass index (kg/m2) 31.2 ± 4.2 29.8 ± 4.2 0.278

Heart rate (BPM) 67.4 ± 9.6 67.6 ± 8.2 0.933

Systolic BP (mmHg) 128.3 ± 12.6 123.3 ± 12.6 0.317

Diastolic BP (mmHg) 72.2 ± 9.1 68.3 ± 9.2 0.166

Data presented as mean ± SD, count (percentage) or median (quartiles 1-3).

SGLT2 sodium-glucose cotransporter 2, NSTEMI non-ST-segment elevation myocardial infarction, STEMI ST-
segment elevation myocardial infarction, PCI percutaneous coronary intervention, BP blood pressure,
MI myocardial infarction, CABG coronary artery bypass graft, TIA transient ischaemic attack, CKD chronic
kidney disease, HbA1c glycated haemoglobin, NT-proBNP N-terminal pro B-type natriuretic peptide, hs-
cTnI high-sensitivity cardiac troponin I, HDL-C high-density lipoprotein cholesterol, LDL-C low-density
lipoprotein cholesterol, eGFR estimated glomerular �ltration rate, LVEF left ventricular ejection fraction,
LV left ventricle, LA left atrium

* denotes signi�cant difference (p<0.05)
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Characteristic Empagli�ozin at discharge (n 
= 22)

No SGLT2 inhibitor at discharge
(n = 22)

p-
value

Biochemical variables      

HbA1c (%) 9.8 ± 1.6 6.6 ± 0.7 < 
0.001*

NT-proBNP (ng/L) 297 (128–1497.5) 262.5 (122–806) 0.810

Peak hs-cTnI (ng/L) 7640 (519–21,300) 7045 (94–23,775) 0.897

Haemoglobin (g/L) 139.8 ± 18.8 143.6 ± 18.4 0.501

Haematocrit (L/L) 0.41 ± 0.05 0.43 ± 0.05 0.449

eGFR (ml/min/1.73m2) 77.9 ± 19.5 88.5 ± 18.1 0.069

Echocardiographic
variables

     

LVEF (%) 51.1 ± 11.3 54.9 ± 10.8 0.269

LA volume index (ml/m2) 32.2 ± 9.4 35.2 ± 11.6 0.352

Data presented as mean ± SD, count (percentage) or median (quartiles 1-3).

SGLT2 sodium-glucose cotransporter 2, NSTEMI non-ST-segment elevation myocardial infarction, STEMI ST-
segment elevation myocardial infarction, PCI percutaneous coronary intervention, BP blood pressure,
MI myocardial infarction, CABG coronary artery bypass graft, TIA transient ischaemic attack, CKD chronic
kidney disease, HbA1c glycated haemoglobin, NT-proBNP N-terminal pro B-type natriuretic peptide, hs-
cTnI high-sensitivity cardiac troponin I, HDL-C high-density lipoprotein cholesterol, LDL-C low-density
lipoprotein cholesterol, eGFR estimated glomerular �ltration rate, LVEF left ventricular ejection fraction,
LV left ventricle, LA left atrium

* denotes signi�cant difference (p<0.05)

Medications on admission and at discharge are presented in Supplemental Table 1. There were no signi�cant
differences between groups for baseline medications. Both groups demonstrated high use of angiotensin
converting enzyme inhibitors or angiotensin receptor blockers at discharge (100% in empagli�ozin group versus
95.5% in comparison group). Additionally, both groups demonstrated a high use of beta-blockers at discharge
(> 80% for both). Four (18.2%) were newly initiated on insulin at discharge in the empagli�ozin group compared
with zero in the comparison group.

Left Atrial Strain Outcomes
Measurements of LA strain and select echocardiographic parameters at baseline (during admission) and at
follow-up are presented in Table 2. The majority underwent follow-up at approximately three months [median
follow-up 98 (87–104) days for empagli�ozin group and 93 (84–113) days for comparison group, p = 0.407].
There were no signi�cant differences in baseline LA strain measurements between the two groups. No
signi�cant differences at baseline in other echocardiographic parameters were noted between the two groups.
There was a signi�cant reduction in LV mass index and average E/e’ ratio at follow-up compared to baseline in
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the empagli�ozin group (p = 0.014 and p < 0.001 respectively). This was not seen in the comparison group.
Additionally, there was a signi�cant difference in change between groups from baseline to follow-up for LV
mass index, LA volume index, mitral valve peak E-wave and average E/e’ ratio (p = 0.006, p = 0.045, p = 0.007
and p = 0.002, respectively).

Table 2Baseline and follow-up left atrial strain and echocardiographic parameters for each treatment group. 
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Parameter Empagli�ozin at discharge (n 
= 22)

No SGLT2 inhibitor at
discharge (n = 22)

P-value
for
difference
at
baseline

P-value
for
difference
in change
between
groups

Baseline Follow-
up

P-value
for
change
from
baseline
to
follow-
up

Baseline Follow-
up

P-value
for
change
from
baseline
to
follow-
up

LA reservoir
strain (%)

28.0 ± 
8.43

34.6 ± 
12.2

< 0.001* 29.2 ± 
6.7

28.8 ± 
7.0

0.774 0.639 0.003*

LA conduit
strain (%)

14.5 ± 
5.4

16.7 ± 
7.0

0.034* 12.8 ± 
4.2

13.3 ± 
4.7

0.558 0.299 0.176

LA
contractile
strain (%)

13.5 ± 
5.2

17.9 ± 
7.2

0.006* 16.5 ± 
5.3

15.5 ± 
4.5

0.387 0.109 0.005*

LVEF (%) 51.1 ± 
11.3

56.9 ± 
8.9

0.056 54.9 ± 
10.8

56.0 ± 
10.4

0.622 0.269 0.194

LV
endocardial

GLS (%)

-11.7 ± 
2.6

-12.5 ± 
2.5

0.088 -12.4 ± 
3.3

-13.1 ± 
2.7

0.320 0.402 0.868

LV mass
index
(g/m2)

110.9 ± 
32.7

96.9 ± 
26.1

0.014* 98.7 ± 
22.6

102.3 
± 29.3

0.368 0.163 0.006*

LA volume
index
(ml/m2)

32.2 ± 
9.4

30.0 ± 
9.2

0.232 35.2 ± 
11.6

38.5 ± 
13.8

0.110 0.352 0.045*

MV peak E-
wave (m/s)

0.75 ± 
0.2

0.69 ± 
0.2

0.138 0.80 ± 
0.3

0.79 ± 
0.3

0.824 0.548 0.007*

Average
E/e’ ratio

13.2 ± 
5.1

11.1 ± 
4.2

< 0.001* 10.8 ± 
3.4

11.7 ± 
4.8

0.216 0.072 0.002*

TVR
velocity
(m/s)

2.5 ± 0.4 2.5 ± 
0.4

0.666 2.7 ± 0.5 2.5 ± 
0.4

0.676 0.475 0.560

E/A ratio 1.19 ± 
0.5

1.08 ± 
0.6

0.427 0.92 ± 
0.3

0.95 ± 
0.3

0.869 0.061 0.426

PASP
(mmHg)

33.1 ± 
9.1

28.0 ± 
10.0

0.087 33.7 ± 
11.5

28.0 ± 
7.5

0.644 0.902 0.237

Data presented as mean ± standard deviation

SGLT2 sodium-glucose cotransporter 2, LA left atrial, LVEF left ventricular ejection fraction, LV left ventricular,
GLS global longitudinal strain, MV mitral valve, TVR tricuspid valve regurgitation, PASP pulmonary artery
systolic pressure 



Page 11/21

*Denotes signi�cant difference (p < 0.05)

At follow-up, a signi�cant increase in LA reservoir, conduit and contractile strain was seen in the empagli�ozin
group (28.0 ± 8.4% to 34.6 ± 12.2%, p < 0.001; 14.5 ± 5.4% to 16.7 ± 7.0%, p = 0.034; and 13.5 ± 5.2% to 17.9 ± 
7.2%, p < 0.006 respectively) (Fig. 2). No signi�cant change was seen in LA reservoir, conduit and contractile
strain in the comparison group from baseline to follow-up (29.2 ± 6.7% to 28.8 ± 7.0%, p = 0.774; 12.8 ± 4.2% to
13.3 ± 4.7%, p = 0.558; 16.7 ± 5.3% to 15.5 ± 4.5%, p = 0.387 respectively). The difference in change between
groups from baseline to follow-up was signi�cant for LA reservoir (p = 0.003) and contractile strain (p = 0.005).
There was no signi�cant difference in change between groups for LA conduit strain (p = 0.176). Figure 3 shows
an example of improving LA strain in a patient discharged on empagli�ozin.

Comparing Left Atrial Strain in Two-Chamber and Four-
Chamber Views
The difference in the LA strain for four-chamber and two-chamber views in each treatment group were analysed
separately to ensure consistency (Table 3). A signi�cant increase in LA reservoir, conduit and contractile strain
was seen in the empagli�ozin group at follow-up in the four-chamber view (p = 0.005, p = 0.047 and p = 0.006,
respectively). The two-chamber view derived LA strain demonstrated a signi�cant increase for LA reservoir and
contractile strain in the empagli�ozin group from baseline to follow-up (p = 0.005 and p = 0.024 respectively),
but not LA conduit strain (p = 0.193). There was no signi�cant difference at follow-up in the comparison group
in LA reservoir, conduit and contractile strain for two-chamber and four-chamber views. The difference in
change between groups from baseline to follow-up was signi�cant in LA reservoir and contractile strain in the
two-chamber (p = 0.015 and p = 0.029 respectively) and four-chamber views (p = 0.009 and p = 0.004
respectively). A signi�cant difference in change between groups from baseline to follow-up was not seen in LA
conduit strain in both the two-chamber and four-chamber views (p = 0.526 and p = 0.153 respectively).
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Table 3
Baseline and follow-up left atrial strain in two-chamber and four-chamber assessment for each treatment

group.
Parameter Empagli�ozin at discharge (n = 

22)
No SGLT2 inhibitor at
discharge (n = 22)

P-value
for
difference
at
baseline

P-value
for
difference
in change
between
groups

Baseline Follow-
up

P-value
for
change
from
baseline
to follow-
up

Baseline Follow-
up

P-value
for
change
from
baseline
to
follow-
up

Two-chamber assessment

LA
reservoir
strain (%)

29.4 ± 
10.6

36.6 ± 
11.2

*0.005 30.5 ± 
6.6

30.6 ± 
8.8

0.97 0.712 *0.015

LA
conduit
strain (%)

15.0 ± 
6.6

17.0 ± 
6.3

0.193 12.7 ± 
5.3

13.5 ± 
6.4

0.58 0.221 0.526

LA
contractile
strain (%)

14.5 ± 
6.7

19.6 ± 
7.9

*0.024 17.7 ± 
4.8

17.0 ± 
6.0

0.66 0.072 *0.029

Four-chamber assessment

LA
reservoir
strain (%)

26.4 ± 
8.4

32.6 ± 
14.6

0.005* 28.0 ± 
9.3

28.0 ± 
9.3

0.774 0.562 0.009*

LA
conduit
strain (%)

14.0 ± 
6.0

16.3 ± 
9.2

0.047* 12.7 ± 
4.6

12.7 ± 
4.6

0.558 0.446 0.153

LA
contractile
strain (%)

12.4 ± 
5.1

16.3 ± 
7.5

0.006* 15.2 ± 
7.1

15.2 ± 
7.1

0.387 0.142 0.004*

Data presented as mean ± standard deviation

SGLT2 sodium-glucose cotransporter 2, LA left atrial

*Denotes signi�cant difference (p < 0.05)

Change in Clinical and Biochemical Markers and their
Relationship to Echocardiographic Parameters
There was a signi�cant decrease in HbA1c from baseline to follow-up in the empagli�ozin group (9.8 ± 1.6% to
7.5 ± 1.2%, p < 0.001), but not in the comparison group (6.6 ± 0.7% to 6.7 ± 0.9%, p = 0.728), and the difference in
change was signi�cant (p < 0.001). There was a signi�cant difference in haematocrit from baseline to follow-up
in the empagli�ozin group (0.41 ± 0.05 L/L to 0.44 ± 0.04 L/L, p = 0.017), but not in the comparison group (0.43 
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± 0.05 L/L to 0.42 ± 0.05, p = 0.189), and the difference in change was signi�cant (p = 0.003). No signi�cant
difference was seen for other biomarkers from baseline to follow-up in both groups, including N-terminal pro B-
type natriuretic peptide (NT-proBNP), heart rate, systolic blood pressure and diastolic blood pressure.

The results of linear regression analyses to assess for correlation between LA strain and clinical or biochemical
markers are displayed in Table 4. Changes in LA reservoir and contractile strains from baseline to follow-up
were signi�cantly associated with change in HbA1c (p = 0.004 and p = 0.016 respectively). There was no
signi�cant association with LA strain and haematocrit, NT-proBNP, heart rate, systolic blood pressure and
diastolic blood pressure.

Table 4 Linear regression analysis of change in left atrial strain parameters with clinical and biochemical
variables.

Variable ∆ LA reservoir strain (%) ∆ LA conduit strain (%) ∆ LA contractile strain (%)

R2 P-value R2 P-value R2 P-value

∆HbA1c (%) 0.231 0.004* 0.101 0.067 0.168 0.016*

∆Haematocrit 0.009 0.567 0.016 0.455 0.001 0.841

∆NT-proBNP (ng/L) 0.016 0.524 0.077 0.162 0.005 0.717

∆HR (BPM) 0.004 0.693 0.012 0.478 < 0.001 1.000

∆SBP (mmHg) 0.005 0.710 0.004 0.727 0.002 0.806

∆DBP (mmHg) 0.036 0.299 < 0.001 0.962 0.064 0.162

LA left atrial, HbA1c glycated haemoglobin, NT-proBNP N-terminal pro B-type natriuretic peptide, HR heart rate,
SBP systolic blood pressure, DBP diastolic blood pressure

Discussion
To our knowledge, this study is the �rst to assess the effect of early empagli�ozin initiation on LA strain
following an ACS in patients with T2D. The addition of empagli�ozin to routine ACS medications was
associated with a signi�cant improvement in LA reservoir and contractile strain. These changes were seen in
both the two-chamber and four-chamber assessments of LA strain and were not seen in participants who did
not receive an SGLT2 inhibitor at discharge. Notably, these changes were not seen in most conventional
markers of diastolic function, including LA volume index, mitral valve peak E-wave, E/A ratio and pulmonary
artery systolic pressure, highlighting the utility of LA strain as an early indicator of diastolic dysfunction and LA
dysfunction.

The effect of SGLT2 inhibitors on LV systolic and diastolic function are not well-established and may be a
result of a number of haemodynamic and metabolic changes [31]. Empagli�ozin has demonstrated an effect
on cardiac remodelling in patients with HFrEF; in a sub study of the EMPIRE HF randomized control trial, Omar
et al., showed that patients with HFrEF that are commenced on empagli�ozin had a signi�cantly reduced LV
end-systolic volume index, LV end-diastolic volume index and LA volume index after 3 months of therapy [32].
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In addition, studies have shown that SGLT2 inhibitors can improve diastolic function in patients with HF and
diabetes [33, 34]. However, the role of empagli�ozin in reducing cardiac remodelling and improving clinical
outcomes following an ACS remains to be elucidated. Moreover, the optimal timing of commencement of
SGLT2 inhibitors after an acute illness is unclear; the EMPULSE trial demonstrated improved outcomes in early
commencement of empagli�ozin in patients with acute heart failure, however this has not been studied in ACS
[19, 20]. Our group’s previous work in the ACS cohort demonstrated that early empagli�ozin use is associated
with improvement in markers of diastolic function including E/e’ ratio, mitral valve peak E-wave velocity and LA
volume index, as well as LV mass index, however there is no randomised trial data on this area yet [24]. The
EMPACT-MI trial (EMPAgli�ozin for the prevention of Chronic heart failure and morTality after an acute
Myocardial Infarction) (ClinicalTrials.gov identi�er: NCT04509674), will shed some light on this area, assessing
the effect of empagli�ozin on all-cause mortality and hospitalization for HF following an ACS.

LA strain has been shown to predict diastolic dysfunction in its early stages and provides an accurate
assessment of LA function, with good intra- and inter-observer variability [3, 35]. Singh et al., assessed the
correlation of LA strain with invasive measurements of LV �lling pressures, showing a better agreement with LA
strain as compared to guideline-based assessment of �lling pressure [36]. Morris et al., assessed LA strain in a
population of 517 patients with risk factors for diastolic dysfunction, and compared it with LA volume index
and traditional markers of diastology, the results showed high rates of abnormal LA strain in those with
diastolic dysfunction and normal LA volume index [6]. Potter et al. replaced LA volume index with LA strain in
the categorisation of diastolic dysfunction for a population of 758 patients and demonstrated a 75% reduction
in indeterminate diastolic dysfunction [9]. They also showed that LA strain was independently associated with
risk of incident HF [9]. This highlights the strength of LA strain over LA volume index in providing a sensitive
and prognostic marker of LA and diastolic dysfunction. LA strain has also been shown to correlate with LV
endocardial global longitudinal strain, Mălăescu et al. showed that LA strain is determined by LV strain and
LV/LA volume ratio, illustrating a unique strength of LA strain in providing a simpli�ed single measurement that
integrates LA and LV function and volumes [37].

Clinical Implications
LA function and diastolic dysfunction are predictors of poor outcomes after an ACS [38]. The strength of LA
strain over traditional markers of diastolic and LA function, including LA volume index, highlight its untapped
potential [3, 6]. Moreover, the relationship of LA strain with LV function and volume suggests LA strain may be
a simpli�ed and holistic assessment of cardiac function [3, 37]. The use of LA strain may add incremental
bene�t in detecting who may need closer follow-up or more aggressive management to potentially reduce
development of clinical HF. Guidelines recommend SGLT2 inhibitors in patients with HFrEF, and more recent
guidelines extend this to HFpEF as well, although timing of therapy initiation remains an area of contention in
acutely unwell patients [17–20]. SGLT2 inhibitors are a class of medications that have shown bene�t in the
HFpEF population when few other therapies have improved outcomes in this group [16]. This study shows that
SGLT2 inhibitors initiated predischarge, could be a potential treatment approach in ACS by demonstrating an
association with prompt improvement in LA function assessed by LA strain, adding to previous data on
improved diastolic function. Therefore, adding SGLT2 inhibitors in patients with T2D prior to discharge
following ACS may improve LA function in a timely fashion, to achieve better outcomes compared to delayed
initiation of such treatment. However, this requires con�rmation with randomised trial data.
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Limitations
This was a small observational proof-of-concept study. Due to the inherent study design and existing
government subsidy criteria for SGLT2 inhibitors, there was a signi�cant difference in HbA1c at baseline
between both groups, with it being signi�cantly higher in the empagli�ozin group. The change in HbA1c for all
participants correlated signi�cantly with change in LA reservoir and LA contractile strain. This raises the
question whether the changes in LA function seen are partly due to improvements in glycaemic control rather
than the effects of empagli�ozin. No other class of glucose-lowering agents has shown an improvement in
diastolic cardiac remodelling, indicating this may be a unique effect of SGLT2 inhibitors. Importantly, the
reductions in HF hospitalisation and cardiovascular outcomes in SGLT2 inhibitor trials are thought to be due to
mechanisms distinct from glycaemic control and occurs even in patients without diabetes [10–12, 14, 16].
Finally, the use of LA strain has some key limitations including poor access to the software, limited inter-vendor
reproducibility and no established normal reference ranges [2, 39].

Strengths of this study include the use of state-of-the-art technology for assessing LA strain, the prospective
enrolment of patients, the higher than 85% follow-up, blinded assessment of echocardiographic parameters
(including LA strain), and the strict exclusion criteria.

Conclusions
This study is the �rst to assess the effect of early SGLT2 inhibitor initiation following ACS on LA strain. In
patients with ACS and T2D, the addition of empagli�ozin to standard ACS therapy prior to discharge was
associated with an improvement in LA reservoir and contractile strain at 3–6 months, when compared with
patients with ACS and T2D who were not initiated on an SGLT2 inhibitor. This adds to previous data
demonstrating association between empagli�ozin and improvement in diastolic function after ACS [24]. Further
studies are warranted to determine the clinical implications of these �ndings.

Abbreviations
ACS
Acute coronary syndrome
HF
Heart failure
HFpEF
Heart failure with preserved ejection fraction
HFrEF
Heart failure with reduced ejection fraction
LA
Left atrium
LV
Left ventricle
SGLT2
Sodium-glucose co-transporter 2
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T2D
Type 2 diabetes
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Figures

Figure 1

An illustrated example of the left atrial (LA) strain curve (normal), R-R gated, with labelled parameters. Grey line
represents left wall of the LA strain, blue line represents right wall of the LA strain, red line represents LA roof
strain and white line represents average LA strain.
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Figure 2

Changes in each type of left atrial strain from baseline to follow up for patients discharged on empagli�ozin
(test group) and those not discharged on empagli�ozin (comparison group). P-values are shown comparing the
baseline to follow-up for each type of left atrial strain in each patient group.

LA left atrial, ns no signi�cant difference

* Denotes signi�cant difference (p<0.05). 
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Figure 3

Example of a patient discharged on empagli�ozin, showing improved left atrial (LA) strain on an R-R gated LA
strain curve of a two-chamber apical view from baseline (above) to follow-up (below). Grey line represents left
wall of the LA strain, blue line represents right wall of the LA strain, red line represents LA roof strain and white
line represents average LA strain. The average LA reservoir strain improved from 32.4% at baseline to 36.7% at
follow-up, the average LA conduit strain improved from 18.9% at baseline to 21.9% and the average LA
contractile strain improved from 13.5% to 14.8%.
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