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Abstract

Aims Sodium—glucose co-transporter 2 inhibition reduces the risk of hospitalization for heart failure and for death in patients with
symptomatic heart failure. However, trials investigating the effects of this drug class in patients following acute myocardial
infarction are lacking.

Methods In this academic, multicentre, double-blind trial, patients (n = 476) with acute myocardial infarction accompanied by a large creatine

and results kinase elevation (>800 |U/L) were randomly assigned to empagliflozin 10 mg or matching placebo once daily within 72 h of per-

cutaneous coronary intervention. The primary outcome was the N-terminal pro-hormone of brain natriuretic peptide (NT-
proBNP) change over 26 weeks. Secondary outcomes included changes in echocardiographic parameters. Baseline median (inter-
quartile range) NT-proBNP was 1294 (757-2246) pg/mL. NT-proBNP reduction was significantly greater in the empagliflozin
group, compared with placebo, being 15% lower [95% confidence interval (Cl) —4.4% to —23.6%] after adjusting for baseline
NT-proBNP, sex, and diabetes status (P = 0.026). Absolute left-ventricular ejection fraction improvement was significantly greater
(1.5%, 95% Cl10.2-2.9%, P = 0.029), mean E/e’ reduction was 6.8% (95% Cl 1.3—11.3%, P=0.015) greater, and left-ventricular end-
systolic and end-diastolic volumes were lower by 7.5 mL (95% Cl 3.4-11.5 mL, P=0.0003) and 9.7 mL (95% CI 3.7-15.7 mL, P=
0.0015), respectively, in the empagliflozin group, compared with placebo. Seven patients were hospitalized for heart failure (three
in the empagliflozin group). Other predefined serious adverse events were rare and did not differ significantly between groups.
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Conclusion In patients with a recent myocardial infarction, empagliflozin was associated with a significantly greater NT-proBNP reduc-
tion over 26 weeks, accompanied by a significant improvement in echocardiographic functional and structural parameters.

ClinicalTrials.gov NCT03087773.
registration

Structured Graphical Abstract

Key Question
Does a 26-week empagliflozin treatment, when initiated within 72 hours after percutaneous coronary intervention for an acute
myocardial infarction, improve NT-proBNP, functional and structural echocardiographic parameters?

Key Finding

Treatment with empagliflozin resulted in a significantly greater reduction in NT-proBNP levels after adjusting for baseline NT-proBNP,
sex and diabetes and improved left ventricular ejection fraction, E/€ left ventricular end systolic volume and end diastolic volume
compared to placebo.

Take Home Message
Empagliflozin initiated shortly after an acute myocardial infarction improves NT-proBNP, as well as structural and functional
echocardiographic parameters without significant safety concerns.

Empagliflozin following severe myocardial infarction
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A total of 476 people with acute myocardial infarction were randomized to either empagliflozin 10 mg or matching placebo once daily within 72 h of
acute percutaneous coronary intervention. The change in NT-proBNP concentrations as well as echocardiographic functional and structural para-
meters over 26 weeks of treatment was evaluated. LVEF, left-ventricular ejection fraction; LVEDV, left-ventricular end-diastolic volume; LVESV, left-
ventricular end-systolic volume; NT-proBNP, N-terminal pro-hormone of brain natriuretic peptide.
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Introduction

In chronic heart failure with reduced ejection fraction (HFrEF), sodium—
glucose co-transporter 2 inhibitors (SGLT2i) have been shown to re-
duce the risk of hospitalization for heart failure (HHF) as well as all-
cause mortality and cardiovascular mortality."™ Recent evidence also
indicates beneficial effects of initiating treatment after acute heart fail-
ure.” In addition, empagliflozin was the first drug shown prospectively
in the EMPEROR-Preserved trial to improve the primary outcome of
HHF and cardiovascular death in heart failure patients with mildly re-
duced (HFmrEF) or preserved ejection fraction (HFpEF).® The use of
SGLT2i for HFrEF was recently recommended in the European and
American heart failure guidelines as part of first-line therapy,”® with
the more recent American Heart Association (AHA)/American
College of Cardiology (ACC)/Heart Failure Society of America
(HFSA) guidelines also advocating SGLT2i use in patients with
HFmrEF and HFpEF.2

Sodium—glucose co-transporter inhibitors appear to exhibit cardio-
protective effects attributable to metabolic’ and anti-inflammatory'®
mechanisms, as well as modification of myocardial signal transduction
by inhibition of Na*/H" exchanger."""? Strikingly, onset of the beneficial
cardiovascular effects observed in cardiovascular outcome trials
(CVOTs) emerged within a few weeks of treatment initiation and
have been shown to be independent of glycaemic status.”® The ques-
tion as to whether early SGLT?2i initiation following myocardial infarc-
tion (M) is effective and safe is of key importance, since Ml is a major
cause of incident heart failure with a 15% event rate (symptomatic
heart failure and/or reduced ejection fraction) within 12 months.'>"*
Accordingly, we designed the EMpagliflozin in patients with acute
MYocardial infarction (EMMY) trial to investigate whether empagliflo-
zin treatment given in addition to guideline-recommended post-Ml
therapy,'” and initiated within 72 h after percutaneous coronary inter-
vention (PCI) in people with a large acute M, with or without diabetes,
would result in a larger decline in N-terminal pro-hormone of brain
natriuretic peptide (NT-proBNP) and larger improvement in ejection
fraction.

Methods

Trial design
We conducted a prospective, multicentre, randomized, double-blind,
placebo-controlled trial designed to evaluate the effect of empagliflozin
10 mg once daily (p.0.) for 26 weeks on cardiac function and heart failure
biomarkers in patients with acute Ml from 11 Austrian sites. Study duration
was from 11 May 2017 (first patient first visit) to 3 May 2022 (last patient
last visit). The detailed trial protocol has been published.'® The study was
approved by the relevant regulatory authorities, by the Ethics Committee
of the Medical University of Graz, Austria (EK 29-179 ex 16/17;
EudraCT = 2016-004591-22) and registered on ClinicalTrials.gov
(NCT03087773). EMMY was conducted in full conformity with the 1964
Declaration of Helsinki and all subsequent revisions, as well as in accordance
with the guidelines laid down by the International Conference on
Harmonization for Good Clinical Practice (ICH GCP E6 guidelines). The
academic leadership of the trial (see Supplementary material online,
Appendix) designed the protocol, identified the participating centres, and su-
pervised the implementation of the protocol. EMMY was managed and led
by the Interdisciplinary Metabolic Medicine Trials Unit at the Medical
University of Graz, Austria.

Patients aged 18-80 years with a confirmed acute large Ml (creatine ki-
nase >800 IU/L), a high-sensitivity Troponin T level (or Troponin | level)

>10-fold the upper limit of normal, and an estimated glomerular filtration
rate >45 mL/min/1.73 m* were eligible for inclusion. Those with diabetes
mellitus other than Type 2, a blood pH <7.32, haemodynamic instability,
acute symptomatic urinary tract infection or genital infection, an ongoing
SGLT2i treatment or an SGLT2i treatment within 4 weeks prior to enrol-
ment, were excluded. The detailed inclusion and exclusion criteria are listed
in the design paper'® and the Supplementary material online, Section
C. Patients were enrolled within 72 h after a PCl for acute MI. Before ran-
domization, patients were required to be haemodynamically stable (defined
as no use of haemodynamically active intravenous drugs) and have a blood
pressure >110/70 mmHg.

Trial procedures

After giving written informed consent, eligible patients were randomized in
a 1:1 ratio to oral empagliflozin 10 mg day or matching placebo once daily
via Randomizer Software (Institute for Medical Informatics, Statistics and
Documentation, Medical University of Graz, http:/www.randomizer.at),
utilizing a randomization schedule provided by an independent statistician.
Randomization was stratified by site, presence of Type 2 diabetes (yes/
no) and by sex. Follow-up visits were scheduled at 6, 12, and 26 weeks.
NT-proBNP values were measured in local laboratories, but were also as-
sayed centrally at three time-points for the final data analysis at the CIMCL
(Clinical Institute of Medical and Chemical Laboratory Diagnostics, Medical
University of Graz, Austria) using the Elecsys proBNP platform (Roche
Diagnostics, Mannheim, Germany) with chemiluminescence technology.
Echocardiography was performed in accordance with the current guide-
lines of the European Association of Cardiovascular Imaging and the
American Society of Echocardiography using locally available ultrasound de-
vices. The protocol included 2D, Doppler echocardiography, and M-mode
imaging."” Studies were archived in DICOM-format and analysed locally.

Outcomes

The primary endpoint was the change in NT-proBNP levels from random-
ization to Week 26. Secondary endpoints included changes in NT-proBNP
levels from randomization to Week 6, and changes in left-ventricular ejec-
tion fraction (LVEF) from randomization to Weeks 6 and 26, as well as
echocardiographic parameters for diastolic dysfunction, left-ventricular
end-systolic (LVESV) and end-diastolic volume (LVEDV), and changes in ke-
tone body and glycated haemoglobin concentrations and body weight.
Additional exploratory endpoints were hospitalizations due to heart failure
or other causes, duration of hospital stay and all-cause mortality.

Key safety outcomes were the incidence of serious adverse events
(SAEs), severe hypoglycaemic events, number of genital infections, number
of ketoacidosis events, and acute liver or renal injury. Hospitalizations dur-
ing the follow up were adjudicated by an independent adjudication commit-
tee prior to unblinding.

Sample size

Details of the sample size estimation have been published previously.'®
Briefly, based on previous data, NT-proBNP levels were assumed to de-
crease after acute Ml by ~50% within 6 months.'® To detect a 40% larger
relative reduction in NT-proBNP levels in the empagliflozin group, com-
pared with the placebo group, with 80% power and an alpha level of
0.05%, the estimated sample size was 432 participants (216 per group).
To allow for a potential 10% dropout rate, the recruitment target was
set at 476 participants (238 per group).

Statistical analysis

The statistical analysis plan was finalized prior to database lock. Baseline char-
acteristics were summarized using descriptive statistics with mean and stand-
ard deviation for continuous measures and frequency tables for categorical
variables. Categorical variables were compared using x> or Fisher’s exact
tests, and continuous variables using an unpaired t-test or its non-parametric
equivalent (Wilcoxon rank-sum test), where the normality assumption was
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violated. The primary endpoint (change in NT-proBNP from baseline to
Week 26) was analysed in the intention-to-treat (ITT) population using a ro-
bust linear mixed effect model (LMEM)'® in which the dependent variable
was log-transformed NT-proBNP and the fixed effects were treatment, visit,
treatment-by-visit interaction, the stratification factors sex and presence/ab-
sence of Type 2 diabetes, and baseline NT-proBNP concentration. For the
primary analysis, no missing data were imputed. At Week 26, estimated
mean values and mean differences between treatment groups were derived
from the robust LMEM using marginal means (or least squares means). Their
associated P-values and two-sided 95% confidence intervals (Cls) were de-
rived from the robust LMEM using bootstrap techniques.” To claim super-
iority of empaglifiozin over placebo, the primary efficacy analysis was
required to demonstrate a statistically significant treatment at Week 26 at
a 5% alpha level with a two-sided test.

Sensitivity analyses
To assess the sensitivity of the primary efficacy analysis to missing data,
analyses were also conducted in the ITT population with missing values
imputed for all visits using the Multiple Imputation with Chained
Equation approach. A total of 33 multiply-imputed data sets were gener-
ated. The primary efficacy analysis was repeated for each of the imputed
data sets to estimate the treatment effect and the standard error of that
estimate. Finally, the set of estimates and standard errors obtained from
the multiply-imputed data sets were pooled to produce overall esti-
mates, Cls, and P-values for the treatment effect.

A further sensitivity analysis used the Week 26 NT-proBNP as the primary
endpoint. This analysis was performed in the ITT population with no imputation
for missing values using a multiple linear regression model where the dependent

[ Enrolment ]

Assessed for eligibility (n=568)

Excluded (n=92)
Not meeting inclusion criteria (n=70)
Language barrier (n=6)
Declined to participate (n=4)

A 4

Did not survive myocardial infarction (n=3)
Transferred to another hospital (n=3)

*
*
*
+ Planned CABG surgery after event (n=4)
*
*
+ Patient in another trial (n=2)

Randomised (n=476)

Primary analysis without data imputation (n=212)*
Sensitivity analysis with data imputation (n=237)

Allocation
Y A 4
Allocated to Empagliflozin (n=237) Allocated to Placebo (n=239)
+ Type 2 Diabetes Mellitus (n=30) + Type 2 Diabetes Mellitus (n=33)
v [ Follow-Up 1 v
Withdrawal of consent (n=8) Withdrawal of consent (n=4)
Study drug discontinuation (n=14) Study drug discontinuation (n=12)
Lost to follow up/vital status known (n=10) Lost to follow up/vital status known (n=8)
Lost to follow up/vital status unknown (n=2) Lost to follow up/vital status unknown (n=0)
' [ Analysis 1 !
Analysed Analysed

Primary analysis without data imputation (n=209)*
Sensitivity analysis with data imputation (n=239)

Figure 1 Patient disposition. *Baseline N-terminal pro-hormone of brain natriuretic peptide and at least one follow-up N-terminal pro-hormone of
brain natriuretic peptide measurement at the central laboratory were available.
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Table 1 Participant baseline characteristics

Characteristic Overall (n =476) Empagliflozin (n =237) Placebo (n=239) P-value®

Age (ears), medan (QR) 575264 575264 57(s2-65) 078
Male sex, n (%) 392 (82) 195 (82) 197 (82) 0.97
Body mass index (kg/m?), median (IQR) 27.6 (25.1-30.3) 27.7 (25.3-30.3) 27.2 (24.9-30.2) 0.20
Systolic blood pressure (mmHg), median (IQR) 125 (117-131) 125 (116-131) 125 (118-131) 0.21
Diastolic blood pressure (mmHg), median (IQR) 78 (74-85) 78 (74-85) 78 (75-85) 0.60
Obesity, n (%) 138 (29) 68 (29) 70 (29) 0.89
Type 2 diabetes, n (%) 63 (13) 30 (13) 33 (14) 0.71
Hypertension, n (%) 199 (42) 92 (39) 107 (45) 0.19
Dyslipidaemia, n (%) 135 (28) 71 (30) 64 (27) 0.44
Smoking (active or former), n (%) 341 (72) 171 (72) 170 (72) 0.92
Coronary artery disease, n (%) 53 (11) 28 (12) 25 (10) 0.64
History of stroke, n (%) 6 (1.3) 5(2.1) 1(04) 0.12
History of CABG, n (%) 2 (0.4) 1(0.4) 1(04) >0.99
History of myocardial infarction, n (%) 23 (4.8) 14 (5.9) 9 (3.8) 0.28
Depression, n (%) 24 (5.0) 15 (6.3) 9 (3.8 0.20
History of carcinoma, n (%) 24 (5.0) 11 (4.6) 13 (54) 0.69

Coronary angiography vessel status

3-vessel disease 86 (18.1) 50 (21.1) 36 (15.0) 0.08

2-vessel disease 162 (34.0) 82 (34.6) 80 (33.5) 0.80

1-vessel disease 228 (47.9) 105 (44.3) 123 (51.5) 0.12
Treatment
ACE-I/ARB, n (%) 459 (96) 228 (96) 231 (97) 0.75
ARNI, n (%) 9 (1.9 2 (0.8) 7 (29) 0.18
Beta-blocker, n (%) 457 (96) 223 (94) 234 (98) 0.078
MRA, n (%) 180 (38) 86 (36) 94 (39) 0.54
Loop diuretic, n (%) 51 (11) 27 (1) 24 (10) 0.61
Statin, n (%) 462 (97) 229 (97) 233 (97) 0.98
Ezetimibe, n (%) 59 (12) 29 (12) 30 (13) 0.94
Calcium channel blocker, n (%) 21 (44) 9 (3.8) 12 (5.0 0.52
Platelet lowering drugs, n (%) 476 (100) 237 (100) 239 (100) >0.99
Anticoagulation drugs, n (%) 37 (7.8) 16 (6.8) 21 (8.8) 0.41
Metformin, n (%) 41 (8.6) 21 (8.9) 20 (8.4) 0.84
DPP4 inhibitor, n (%) 13 (2.7) 7 (3.0) 6 (2.5) 0.76
Sulfonylurea, n (%) 4(0.8) 2 (0.8) 2 (0.8) >0.99
GLP1-RA, n (%) 4 (0.8) 2 (0.8) 2 (0.8) >0.99
Insulin, n (%) 11(2.3) 52.1) 6 (2.5) 0.78

Laboratory parameters

NT-proBNP (pg/mL), median (IQR) 1294 (757-2246) 1272 (773-2247) 1373 (754-2217) 091

Continued
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Table 1 Continued

Characteristic

Overall (n=476)

eGFR (mL/min/1.73 m?), median (IQR)
Haemoglobin Alc (%), median (IQR)

Creatine kinase (U/L), median (IQR)

Troponin T (ng/L), median (IQR)

Total cholesterol (mg/dL), median (IQR)
LDL-cholesterol, (mg/dL), median (IQR)
HDL-cholesterol (mg/dL), median (IQR)
Aspartate aminotransferase (IU/L), median (IQR)
Alanine aminotransferase (IU/L), median (IQR)

Gamma glutamyltransferase (IU/L), median (IQR)

92 (78-102)
5.60 (5.40-6.00)
1673 (1202-2456)
3039 (2037-4856)
188 (162-223)
120 (93-149)
44 (36-54)
204 (125-322)
50 (37-72)

31 (21-49)

Empagliflozin (n =237) Placebo (n=239) P-value®
92 (78-101) 91 (78-102) 0.89
5.60 (5.40-6.00) 5.70 (5.40-6.00) 0.87
1668 (1136-2532) 1701 (1254-2404) 0.71
3059 (2082-4775) 3029 (1980-4856) 0.56
188 (163-225) 188 (162-220) 0.75
118 (96-150) 121 (90-145) 0.82
44 (36-52) 43 (36-54) 0.77
203 (136-328) 212 (120-320) 0.67
50 (37-75) 50 (38-68) 0.53
29 (21-49) 32 (21-48) 0.84

ACE-|, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; ARNI, angiotensin receptor—neprilysin inhibitor; CABG, coronary artery bypass graft; DPP4,
dipeptidyl peptidase 4; eGFR, estimated glomerular filtration rate; GLP1-RA, glucagon-like peptide-1 receptor agonist; HDL, high-density lipoprotein; IQR, interquartile range; LDL,
low-density lipoprotein; MRA, mineralocorticoid receptor antagonist; NT-proBNP, N-terminal pro-hormone of brain natriuretic peptide.

#Wilcoxon rank-sum test; Pearson’s xz test; Fisher’s exact test.

variable was the Week 26 NT-proBNP and the independent variables were
treatment, sex, diabetes status, and baseline NT-proBNP concentration.

Secondary endpoints including LVEF, E/e’, LVESV, or LVEDV were ana-
lysed using the same statistical methods as described for the primary effi-
cacy analysis. All statistical analyses were performed using R software
version 4.1.0 (https:/www.r-project.org). P-values <0.05 were considered
statistically significant.

Results

Trial population

A total of 476 patients were enrolled and randomized to empagliflozin
10 mg/day (n=237) or matching placebo (n =239). Twenty-six (5.5%)
patients discontinued study medication prematurely (14 empagliflozin,
12 placebo). Twelve (2.5%) participants withdrew informed consent
and a total of 20 (4.2%) patients were lost to follow up, with only
two patients with unknown vital status at study end (Figure 7). The me-
dian age [interquartile range (IQR)] was 57 (52—64) years, body mass
index 27.6 kg/m? (25.1-30.3) with 18% females, and 63 (13%) with es-
tablished Type 2 diabetes. Baseline characteristics were similar between
treatment groups with a median (IQR) baseline creatine kinase of 1673
(1202-2456) IU/L and troponin T of 3039 (2037-4856) ng/L, providing
an indirect measure of infarct size (Table 1).

At randomization, baseline median (IQR) NT-proBNP was 1294
(757-2246) pg/mL, median systolic blood pressure was 125 (117-131)
mmHg. Guideline-recommended post-MI medical therapy was initiated
before randomization with >96% of patients receiving angiotensin-
converting enzyme inhibitor/angiotensin receptor blocker/angiotensin
receptor—neprilysin inhibitor, beta-blocker and statins, and ~40% receiv-
ing mineralocorticoid receptor antagonists (Figure 1, Table 1).

Primary efficacy outcome

Mean NT-proBNP concentrations decreased in both groups during the
study, but to a significantly greater extent in the empagliflozin group
compared with placebo. Mean 26-week NT-proBNP was 15% (95%

Cl —4.4 to —23.6%) lower in the empagliflozin group compared with
placebo, after adjusting for baseline NT-proBNP concentration, sex,
and diabetes status (P =0.026). The greater reduction with empagliflo-
zin was already evident by 12 weeks (P=0.021; Figure 2). The greater
NT-proBNP reduction with empagliflozin was confirmed in sensitivity
analyses using multiple imputation for missing data (—14.9%; 95% ClI
—12.5% to —17.3%) with an absolute Week 26 NT-proBNP change
of —16.1% (95% Cl —2.0% to —28.1%). Figure 2B (empagliflozin group)
and 2C (placebo group) demonstrate that the reduction in NT-proBNP
is evident across the entire spectrum of baseline NT-proBNP.

Secondary efficacy and safety outcomes

Secondary outcomes are shown in Table 2. Left-ventricular systolic and
diastolic function improved in both groups over the course of the trial.
Left-ventricular ejection fraction increased by absolute 1.5% (95% ClI
0.2-2.9%; P=0.029) more in the empagliflozin than in the placebo
group. The greater increase was already significant by 6 weeks (1.7%,
95% Cl10.35-3.05%; P = 0.014). Left-ventricular diastolic function, as as-
sessed by E/e’, also changed during the trial with significantly greater im-
provement in the empagliflozin group at 26 weeks, being 6.8% (95% Cl
1.3-11.3%, P=10.015) lower compared with placebo (Figure 3A and B).

Echocardiographic parameters reflecting structural cardiac changes
were significantly improved in the empaglifiozin group compared
with the placebo group: LVESV (=7.5 mL; 95% Cl —11.5 to —3.4 mL,
P=0.0003) and LVEDV (=9.7 mL; 95% Cl —15.7 to —3.7mL, P=
0.0015) were smaller in the empagliflozin group compared with the pla-
cebo group (Figure 3C and D).

Ketone body (beta-hydroxybutyrate) concentrations showed a signifi-
cantly greater increase in the empagliflozin group, compared with placebo
(A =23.4%; 95% Cl 5.9-42.4%, P=0.0066), that was more pronounced at
26 weeks (A=41.9%; 95% Cl 21.8-63.8%, P < 0.0001). Body weight de-
creased more in the empagliflozin group (A =—1.76 kg; 95% Cl —3.27 to
—0.25 kg, P=0.022). Within the small subgroup of participants with dia-
betes, there was no significant between-group difference in the degree
of haemoglobin A lowering at Week 26 (P=0.11).
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Figure 2 (A) Percentage decline across all visits in N-terminal pro-hormone of brain natriuretic peptide concentration by treatment group (log-
transformed data). (B) Percentage decline at Week 26 as function of N-terminal pro-hormone of brain natriuretic peptide at baseline (empagliflozin
group). (C) Percentage decline at Week 26 as function of N-terminal pro-hormone of brain natriuretic peptide at baseline (placebo group).

Duration of hospital stay due to acute MI did not differ between
groups with a median (IQR) duration of 6.0 (3-9) days in the empagli-
flozin and 6.0 (3—9) days in the placebo group (P =0.40).

Adverse events

Serious adverse event rates did not differ between the empagliflozin
and the placebo groups. There were a total of 72 SAEs with 63 parti-
cipants hospitalized, out of which seven participants were hospitalized
for heart failure (three in the empagliflozin group, four in placebo
group). Three deaths occurred during the study, all in the empagliflozin
group. Two participants died within 5 days after enrolment in the trial
secondary to large Mls and subsequent cardiogenic shock. One partici-
pant died 149 days after enrolment due to lung cancer. All three fatal-
ities were considered by the adjudication committee prior to
unblinding to be unrelated to study medication. Other safety endpoints
such as the number of genital infections also did not differ significantly
between the empagliflozin and placebo groups. Moreover, no amputa-
tions, no ketoacidosis, and no severe hypoglycaemic episodes were re-
ported throughout the follow up (Table 3).

Discussion

The EMMY trial evaluated for the first time the efficacy and safety of
empagliflozin therapy when initiated within 72 h after PCl for a large
acute MI. Early initiation of empagliflozin, given in addition to established
guideline-recommended post-MI therapy, led to a greater reduction in

median NT-proBNP levels compared with placebo without clinically
relevant adverse events (Structured Graphical Abstract).

The NT-proBNP is a well-established biomarker of neurohormonal ac-
tivation, haemodynamic stress, and subsequent cardiovascular events. The
substantial decline in NT-proBNP concentrations which occurs over time
122 is a robust predictor of subsequent cardiovascular
outcomes. NT-proBNP trajectories within days,B'24 weeks,m'zsf27 and
months?>? after a MI further increase the prognostic value of baseline
NT-proBNP concentrations collected during the index event.

following large M

The only data available concerning the effect of SGLT2i on post-Ml
NT-proBNP concentrations derives from the EMBODY trial which
analysed the impact of empagliflozin treatment on post-MI sympatho-
mimetic activity. This trial reported a decline of NT-proBNP concentra-
tions in the empagliflozin and the placebo group. However, no
significant between-group difference was reported, potentially due to
the rather small number of participants and the later treatment initi-
ation compared with EMMY 28

The effect of SGLT2i on NT-proBNP concentrations in heart failure
trials is heterogeneous within different cohorts with reductions,29 a
moderate decline, > or no significant reduction compared with placebo
despite significant improvement in left-ventricular mass as observed in
the EMPA-HEART trial.*" Absolute NT-proBNP concentrations did
not significantly differed in EMPEROR-Preserved when analysed after
52 weeks,® but a recent analysis depicted 13% significantly lower
NT-proBNP concentrations in the empagliflozin group after 52 weeks
when adjusted geometric mean NT-proBNP values were calculated.®
This modest NT-proBNP difference, however, was associated with a
highly significant improvement in the primary clinical outcome. Only
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Figure 3 Changes in echocardiographic parameters by treatment group: (A) left-ventricular ejection fraction, (B) E/e’, (C) left-ventricular end-systolic

volume, and (D) left-ventricular end-diastolic volume.

~10% of the HHF reduction has been attributed to the NT-proBNP
lowering seen with canagliflozin in the CANVAS trial.” In line with
this finding, recent meta-analyses have shown highly significant reduc-
tions in HHF for HFrEF*® and for HFpEF34 despite only moderate
and non-significant larger NT-proBNP reductions with SGLT2i treat-
ment. Given the beneficial effects on NT-proBNP concentrations in
combination with functional (LVEF, diastolic function) and structural
(LVESV, LVEDV) improvements seen in the EMMY trial, established
SGLT?2i clinical benefits might be even more pronounced after a large
MI. The EMMY trial was not powered for hard clinical endpoints but
there are two large outcome trials currently ongoing (EMPACT-MI
and DAPA-MI) which may provide definitive data. In EMMY, the bene-
ficial effect of empagliflozin on NT-proBNP concentrations was accom-
panied by a greater increase in LVEF, compared with placebo.

The degree of LVEF recovery in the weeks after a Ml has been shown
to complement and out-perform baseline LVEF alone when providing
prognostic information such as risk of sudden cardiac death and all-
cause mortality.>**° LVEF trajectories separated early in the EMMY trial
with the mean increase in the empagliflozin group being twice the size
compared with the placebo group by 6 weeks (+8.8 vs. +4.3%). The ab-
solute ~1.5% difference in the 26-week LVEF change seen in the EMMY
trial is comparable with a recent analysis of the BEST trial®*” which ob-
served an average LVEF of 4.5 units (%) after 12 months. This analysis
compared heart failure patients with LVEF improvement >5 units to all
other patients and described a significantly better outcome in all end-
points analysed ranging from HHF to all-cause mortality for those
with greater LVEF recovery. These differences were independent of
the treatment group (bucindolol or placebo). Data in post-MI patients
reveal comparable or even more favourable outcome in patients with
LVEF recovery compared with those with unaltered LVEF at baseline,

whereas those patients without LVEF recovery have significantly worse
outcomes.*®3 The highly significant prognostic value of LVEF recovery
within the first 6 months has been confirmed in a cohort with >10 years
of follow up.*® Thus, differences in LVEF changes, as observed in the
EMMY trial with empagliflozin, suggest there may well be beneficial ef-
fects on clinical outcomes.

Diastolic function also improved in EMMY, in line with data showing
SGLT?2i to be the first pharmacological treatment to improve prognosis
in HFpEF. This finding is further supported by the smaller increases in left-
ventricular volumes seen following Ml in the empagliflozin group. Thus,
biomarker as well as functional and structural outcome data in the
EMMY trial point towards a potential positive impact on clinical outcomes.

Increases in circulating ketone levels and ketone oxidation with
SGLT2i have been suggested to improve cardiac efficiency and/or the
energy supply in energy starved myocytes in heart failure.”*'*?
Beta-hydroxybutyrate, the commonest ketone body, was significantly
increased in the empagliflozin, compared with the placebo group, in
EMMY after 12 and 26 weeks.

Beta-hydroxybutyrate has been demonstrated to be increased sub-
stantially in the very early phase of a Ml and to decrease rapidly within
the first 24 h.*" Initial high beta-hydroxybutyrate concentrations were
not prognostic but increased levels 24 h after a M| seem to be asso-
ciated with an adverse impact on infarct size and remodelling within
the first 24 weeks, which might be attributed to prolonged elevated
sympathomimetic activation in these patients.*’ In contrast, beta-
hydroxybutyrate infusions of 3 h duration significantly increased left-
ventricular function.*® Moreover, beta-hydroxybutyrate is an effective
blocker of NOD-like receptor protein 3—mediated inflammatory pro-
cesses.** This mechanism seems to be centrally involved in HFpEF de-
velopment which recently has been shown to be ameliorated in various
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Table 3 Adverse events

Total
Serious adverse events
Death 3
Non-cardiovascular death 1
Death from cardiovascular cause 2
Any hospitalization 63 (69)
Hospitalization due to heart failure 7 (10)
Hospitalization due to cardiovascular event 7(7)
Adverse events of special interest
Hepatic injury 2
Renal injury 0
Metabolic acidosis and diabetic ketoacidosis 0
Event involving lower limb amputation 0
Other adverse events
Urinary tract infection 18 (26)
Genital fungal infection 9(9)

Empagliflozin Placebo

3 0

1 0

2 0
31 (35) 32 (34)
3(6) 4(4)
2(2) 509

1 1

0 0

0 0

0 0
11 (18) 7 (8)
7(7) 2(2)

Given numbers are participants with adverse events (number of events). Renal injury: >two-fold increase creatinine. Hepatic injury: AST/ALT >three-fold ULN with elevation of total

bilirubin >two-fold ULN or AST/ALT elevation >five-fold ULN.

rodent models, including post-MI models, either by direct ketone ester
treatment or by empagliflozin therapy.***® Hence, in contrast to en-
dogenously increased beta-hydroxybutyrate concentrations seen in
the acute ischaemic phase, therapeutic application of beta-
hydroxybutyrate might have a role in stress defence mechanism by
ameliorating pathologic cardiac remodelling.*’ The frequency of blood
sampling in EMMY precludes a detailed study of the post-MI role of
beta-hydroxybutyrate, but the concentrations observed during the fol-
low up were significantly higher in those treated with empagliflozin.
This EMMY observation strengthens the hypothesis regarding the
role of SGLT2i in ketone body-dependent improvements in cardiovas-
cular outcome.

The EMMY results extend the evidence base regarding the use of
empagliflozin to post-MI populations for which data have not yet
been available.

Strengths and limitations of the study
The EMMY s the first trial to present data on early SGLT2i treatment
after a large M, predominately in patients without established diabetes.
A smaller previous trial in Japan was limited to patients with diabetes,
initiated SGLT?2 inhibition after the acute phase, and focussed on sym-
pathetic activity.”®> EMMY demonstrates the significant benefit of
SGLT2i with respect to heart failure markers as well as left-ventricular
functional and structural parameters in the trial population.
Empagliflozin was shown to have beneficial effects, despite optimal
guideline post-Ml treatment with EMMY providing safety data in the co-
hort of 474 participants out of the 476 randomized (only two partici-
pants were lost to follow up without known vital status).

However, the sample size in this investigator-initiated trial was insuf-
ficient to power it for hard clinical endpoints. Large CVOTs are of

particular importance in providing definitive data for patients with acute
M, as for example, positive outcome data in heart failure trials did not
necessarily translate into positive outcomes in post-Ml trials, as ob-
served in PARADIGM-HF*® and PARADISE-MI,*’ although those
undergoing PCI during the index event in PARADISE-MI (the popula-
tion enrolled in EMMY) seemed to benefit from angiotensin recep-
tor—neprilysin inhibition. The role of SGLT2i in acute MI patients will
be clarified when the robust outcome data from the two ongoing
SGLT2i CVOTs [EMPACT-MI (NCT04509674) and DAPA-MI
(NCT04564742)], which are powered for differences in the composite
outcome of HHF and CV or all-cause mortality, are reported.

In EMMY, the proportions of female patients and those with diabetes
were lower than anticipated. Of note, patients with diabetes more of-
ten did not achieve the >800 IU/L creatine kinase threshold. For this
analysis, we used locally performed and analysed echocardiography
data but loop recordings are available in a substantial subgroup of par-
ticipants which will be looked at in subsequent analyses.

Conclusion

Among patients who were hospitalized with an acute large M|, early ini-
tiation of empagliflozin given in addition to guideline-recommended
post-Ml treatment resulted in a significantly greater median
NT-proBNP reduction than with placebo over 26 weeks. There were
no significant differences with regard to safety endpoints such as hospi-
talization, alterations of glucose metabolism, renal, or liver function.
Multicentre trial performed on following sites: University Hospital
Graz; Hospital Klagenfurt am Woerthersee; Paracelsus Medical
Private University of Salzburg; Hospital Landstrasse Vienna; Medical
University of Vienna/Vienna General Hospital (AKH); Kardinal
Schwarzenberg Hospital Schwarzach; Academic Teaching Hospital
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Feldkirch/Vorarlberg Institute for Vascular Investigation and Treatment;
Kepler University Hospital Linz; Brothers of Saint John of God
Eisenstadt; Hospital Graz South West, West Location; University
Hospital St Pélten.

Supplementary material

Supplementary material is available at European Heart Journal online.
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