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Agenda

• SGLT2i: meccanismo d’azione

• I risultati dei grandi trial nel Diabete, HF e CKD

• Il rischio di insufficienza cardiaca post-MI

• Dati sperimentali SGLT2i post-MI

• Dati clinici disponibili
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SGLT2 inhibition: An insulin-independent approach to remove 
excess glucose by reducing the renal threshold1–3

SGLT2i, sodium–glucose co-transporter 2 inhibitor
1. Marsenic O. Am J Kidney Dis 2009;53:875–885; 2. AstraZeneca. Dapagliflozin Summary of Product Characteristics; 3. Mudaliar S, et al. Diabetes Care 2016;39:1115–1122

Proximal tubule

Glucose
filtration

SGLT2

Increased 
glucosuria

Reduced glucose and 
sodium reabsorption

SGLT2

Glucose

SGLT2i

Sodium

Decrease in 
intracellular sodium 

concentration 

~70 g/day
corresponding to 

280 kcal/daya

Based on this MOA, 
the following occur3:

• Diuresis
• Natriuresis
• HbA1c reduction
• Weight loss
• SBP reduction



Benvenuto M G Ital Cardiol 2023

SGLT2i nel Paziente Diabetico







SGLT2i nel HFpEF



SGLT2i nel CKD



Update of Clinical Recommendations for Use of SGLT2 Inhibitors Narrative

Recommendations for the 
Prevention of HF in Patients 

With T2D and CKD 

2023 ERA (EURECA-m/ERBP 
Working Groups) 

Consensus Paper on SGLT2i 
for Cardiorenal Protection

Progress in heart failure 2023 ESC Focused Update 
and 2021 ESC Guidelines

Pre-Discharge and Early 
Post-Discharge Follow-Up 
of Patients Hospitalized for 

Acute HF

2023 KDIGO Guideline for 
the Evaluation 

and Management of CKD 

2023 ESC-HFA/EHRA/ESH 
Scientific Statement on 

Patient Profiling in Heart 
Failure with Preserved 

Ejection Fraction

2023 ACC Expert Consensus 
Decision Pathway on 

Management of HFpEF

HFpEFHFrEF HFmrEF

News in Drug 
Prescription

Ongoing clinical trials 
beyond HF
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Effects of SGLT2 inhibition on cardiorenal pathophysiology

W.G. Herrington et al., European Journal of Heart Failure (2021) doi:10.1002/ejhf.2286



W.G. Herrington et al., European Journal of Heart Failure (2021) doi:10.1002/ejhf.2286; Verma S, McMurray JJV. Diabetologia. 2018;61:2108-2117; Serenelli M et al. Eur Heart J. 2020;41:3402-3418.

VASCULAR & HAEMODYNAMIC EFFECTS

Loop diureticsSGLT2 inhibitors

Effects of SGLT2 inhibition on cardiorenal pathophysiology



SGLT2i

ß-OHB is a «superfuel» that is oxidized by the heart in preference to FFA 
and glucose, and not only improves cardiac function in the failing heart, 
but also increases mechanical efficiency.

METABOLIC EFFECTS

Effects of SGLT2 inhibition on cardiorenal pathophysiology





↓CV outcomes & death
↓HF hospitalization

Stabilization of eGFR
↓Albuminuria

IMPROVED CLINICAL 
OUTCOMES3,5

SGLT-2i-mediated Adaptations to Glucose, Sodium and Fluid 
Dynamics  Contribute to Cardiorenal Protection

1. Sattar N et al. Diabetologia. 2016;59(7):1333-1339. 2. Verma S et al. JAMA Cardiol. 2017;2(9):939-940. 3. Scheen RJ. Circ Res. 2018;122:1439-1459. 4. Shin SJ, et al. PLoS One. 2016;11:e0165703. 5. Tamargo J. Eur Cardiol. 2019;14(1):23-32. 

CIRCULATION1,2

↓Interstitial & plasma volume
↓Arterial stiffness

Improved endothelial function
↓Systolic blood pressure
↑Hematopoiesis & hematocrit

HEART2

↓Glucose/sodium reabsorption1
↓Intraglomerular pressure2
↓Intrarenal RAAS activity4

↓Hyperfiltration2
↓Inflammation/hypoxia3

↓Cardiac preload/afterload 
↓Cardiac wall stress
↑Cardiac efficiency/output 

KIDNEY

CARDIORENAL PROTECTION2,3

↑Cardiac function
↑Renal function

Glycosuria2
Diuresis3

Natriuresis2,3

SGLT-2 INHIBITION



There is a significant unmet need for new and effective therapies in 
patients with acute MI at high risk of HF1

1. Harrington J et al. Am Heart J. 2022;253:86; 2. GBD 2019 Diseases and Injuries Collaborators. Lancet. 2020;396:1204; 3. Reed GW et al. Lancet. 2017;389:197; 4. Cahill TJ, Kharbanda RK. World J Cardiol. 
2017;9:407; 5. Gerber Y et al. Circ Heart Fail. 2016;9:e002460; 6. Desta L et al. Int J Cardiol. 2017;248:221.

Ischaemic heart disease, 
including acute MI, is 

one of the leading 
causes of disability in the 

world2

More than 
7 million cases of acute 

MI occur every year 
worldwide3

HF is one of the most 
common and severe 

complications of acute 
MI and is associated with 

a 3-fold increase in 
mortality4,5

Approximately one-
third of patients with 

acute MI are 
hospitalized for HF or 

have died within 5 
years after MI6

7M



IMPATTO DELLA RICERCA SULLA MORTALITÀ CV

In-hospital deaths for AMI in Italy: 1984 - 2014
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Heart failure is one of the most common and severe complications in 
patients post-MI

1. Jenča D et al. ESC Heart Fail. 2021;8:222; 2. Weil BR, 
Neelamegham S. Front Immunol. 2019;10:300; 3. Cahill TJ, 

Kharbanda RK. World J Cardiol. 2017;9:407; 4. Gerber Y et al. Circ Heart Fail. 
2016;9:e002460. 

Development of heart failure after MI is associated with an increased risk of mortality and 
impaired quality of life1

The risk of heart failure is 
at its highest in the early 

post-MI phase2

Risk factors include MI 
size and timing of acute 

treatment2–4

There are several mechanisms that contribute to the risk 
of heart failure after MI3

• Cardiomyocyte necrosis
• Reperfusion injury 
• Microvascular obstruction 
• Haemorrhage 

• Myocardial stunning
• Inflammation 
• Fibrosis 
• Remodelling
• Neurohormonal activation 

All mechanisms include:3
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Santos-Gallego CG et al JACC 2019
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Dati Cinici



EMMY (2022)14 DAPA-MI (2023)15 EMPACT-MI16

Design RCT Registry-based RCT RCT

Intervention Empagliflozin 10mg Dapagliflozin 10mg Empagliflozin 10mg

Number of 
patients

476 4017 6522

Study population AMI AMI AMI

Additional 
features

CK > 800 IU/L and troponin > 10 x 
ULN

New Q waves on ECG
New LV dysfunction

New LVEF < 45% and/or 
signs/symptoms of congestion

Primary endpoint Changes in NT-pro-BNP at 6 months

Death, hospitalization for HF, nonfatal 
AMI, atrial fibrillation/flutter, type 2 
diabetes mellitus, NYHA class, body 

weight decrease

All-cause mortality and time to first 
HF hospitalization



- 15% ( P=0.026)

P=0.0015P=0.0003

P=0.029







EMPACT-MI is designed to investigate the safety and efficacy of 
empagliflozin in patients after acute MI

Harrington J et al. Am Heart J. 2022;253:86.

Type of trial: Multicentre, randomized, double-blind, placebo-controlled trial

Population: Patients at high risk for developing new-onset HF after acute MI 

EMPACT-MI 
STEMI/NSTEMI at 

high risk of HF

5000 patients

Event driven 
(≥532 primary endpoint events) 

Placebo OD 
+ SOC

Empagliflozin 10 mg OD
+ SOC 

COMPOSITE PRIMARY ENDPOINT 
Time to first HHF or all-cause mortality

KEY SECONDARY ENDPOINTS
• Total HHF or all-cause mortality
• Total CV hospitalizations or all-cause mortality 

• Total all-cause hospitalizations or all-cause mortality 
• Total MI hospitalizations or all-cause mortality

Confirmatory endpointsStudy design



*Spontaneous MI is defined as MI with a primary aetiology of 
acute coronary artery disease pathology (e.g. plaque 
rupture/erosion, in-stent restenosis or thrombosis). 

Harrington J et al. Am Heart J. 2022;253:86.

EMPACT-MI includes patients diagnosed with spontaneous acute MI at 
high risk of HF 

Diagnosis of spontaneous acute MI*
• STEMI or NSTEMI 
• Randomization ≤14 days after hospital admission

High risk of HF, defined as either:
• Signs or symptoms of congestion requiring treatment at 

any time during index hospitalization or 
• Newly developed LVEF <45% 

At least one observed risk factor for 
development of HF

Diagnosis of chronic HF prior to index MI

SBP ≤90 mmHg at randomization

Type 1 diabetes mellitus 

Cardiogenic shock or use of IV inotropes in last 24 hours 
before randomization

Current or planned treatment with an SGLT2 inhibitor

eGFR <20 mL/min/1.73 m2

INCLUSION EXCLUSION

Further criteria apply

Any current severe (stenotic or regurgitant) valvular heart 
disease

Inclusion criteria: High risk of HF 

STEMI or 
NSTEMI

Hospitalized ≤14 
days before 

randomization

High risk 
of HF

MANDATORY

+

MANDATORY

Symptoms of congestion (e.g. dyspnoea, fatigue, 
decreased exercise tolerance) requiring treatment* 
during hospitalization

Signs of congestion (e.g. pulmonary rales, crackles, 
crepitations, elevated jugular venous  pressure, 
congestion on CXR) requiring treatment* during 
hospitalization

Newly developed LVEF <45% as measured by 
echocardiography, ventriculography, cardiac CT, MRI or 
radionuclide imaging during index hospitalization 

Defined as either:

*Treatment included augmentation or initiation of oral diuretic therapy, IV diuretic therapy, IV vasoactive agent and mechanical intervention. 
Harrington J et al. Am Heart J. 2022;253:86.



EMPACT-MI includes patients diagnosed with spontaneous acute MI at 
high risk of HF 

Diagnosis of spontaneous acute MI*
• STEMI or NSTEMI 
• Randomization ≤14 days after hospital admission

High risk of HF, defined as either:
• Signs or symptoms of congestion requiring treatment at 

any time during index hospitalization or 
• Newly developed LVEF <45% 

At least one observed risk factor for 
development of HF

Diagnosis of chronic HF prior to index MI

SBP ≤90 mmHg at randomization

Type 1 diabetes mellitus 

Cardiogenic shock or use of IV inotropes in last 24 hours 
before randomization

Current or planned treatment with an SGLT2 inhibitor

eGFR <20 mL/min/1.73 m2

INCLUSION EXCLUSION

Further criteria apply

Any current severe (stenotic or regurgitant) valvular heart 
disease

Inclusion criteria: Risk factors for development of HF 

*If paroxysmal, only valid if associated with index MI. †Without AF: NT-proBNP ≥1400 pg/mL or BNP ≥350 pg/mL. With AF: NT-proBNP ≥2800 pg/mL or BNP ≥700 pg/mL. 
‡Includes patients with no angiography performed, unsuccessful revascularization attempts, diffuse atherosclerosis not amenable to intervention, but does not include patients for whom no 
revascularization was performed due to non-obstructive CAD. Harrington J et al. Am Heart J. 2022;253:86.

Age ≥65 years

At least one of the following risk factors:

Newly developed LVEF 
<35%

Prior MI 
(before index MI)

AF (persistent or 
permanent)*

Elevated 
NT-proBNP or BNP†

Prior or new diagnosis 
of T2D

eGFR 
<60 mL/min/1.73 m2

Uric acid
≥7.5 mg/dL

Pulmonary artery 
systolic pressure 

≥40 mmHg

Patient not 
revascularized‡

3-vessel CAD at time of 
index MI

Diagnosis of peripheral 
artery disease





Conclusioni
• Gli SGLT2i hanno dimostrato importanti effetti cardio-renali-

metabolici, con positivo impatto sugli outcome
• Rappresentano anche un potenziale strumento terapeutico nell’IMA ( 

meccanismi fisiopatologici)
• Evidenze ancora limitate ma promettenti
• EMMY trial: riduzione livelli NTproBNP e miglioramento parametri 

ecocardiografici
• DAPA-MI: vantaggio nell’ outcome composito, guidato dalla 

componente metabolica
• Necessità di dati piu estensivi: EMPACT–MI…
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SGLT2i

Diabetes, HF and CKD Revolution

One for All…

All for one…
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