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Outline:

1. Introduction of  Coronary Artery Disease(CAD)

2. Guideline directed management and therapy of  CAD

3. Role of  SGLT2 inhibitors in Management of  CAD
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CAD: ACS and CCS “Dynamic Nature”

Coronary artery disease (CAD) is 

a pathological process 

characterized by atherosclerotic 

plaque accumulation in the 

epicardial arteries, obstructive or 

non obstructive.

Clinical presentation - either acute 

coronary syndromes (ACS) or 

chronic coronary syndromes 

(CCS). 

"dynamic process" of  

atherosclerosis and altered arterial 

function “

Having long, stable periods - 

become unstable at any time 
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Mechanisms of  Myocardial Ischaemia in CAD

Epicardial coronary arteries Coronary Microcirculation

These 3 mechanisms can co-exist in the same patient

Crea F et al. Eur Heart J. 2014;35(17):1101-11 4



Goals of  Treatment in Management of  CAD
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Acute Coronary Syndrome - ACS

• Spectrum of  conditions - include patients with 
recent change in clinical symptoms or signs, 
with or without changes on 12-lead ECG and 
with or without acute elevations in cardiac 
troponin concentrations

• Commonly classified based on ECG at 
presentation and the presence or absence of  
troponin elevation into UA, NSTEMI, or 
STEMI 

www.escardio.org/guidelines
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2023 ESC Guidelines for the management of acute coronary syndromes
(European Heart Journal; 2023 – doi:10.1093/eurheartj/ehad191)

Figure 2
The spectrum of 
clinical presentations, 
electrocardiographic 
findings, and high-
sensitivity cardiac 
troponin levels in 
patients with acute 
coronary syndrome
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Overview of  Initial triage, Management and Investigation of  patients with 
signs and symptoms potentially consistent with ACS

www.escardio.org/guidelines
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2023 ESC Guidelines for the management of acute coronary syndromes
(European Heart Journal; 2023 – doi:10.1093/eurheartj/ehad191)

Figure 4
An overview of the 
initial triage, 
management and 
investigation of 
patients who present 
with signs and 
symptoms potentially 
consistent with acute 
coronary syndrome

Focused physical
examination – 
1 .checking for the presence 
of all major pulses

2. measurement of blood 
pressure in both arms

3. auscultation of
the heart and lungs

4. assessing for signs of HF 
or circulatory compromise

ECG - interpreted 
within 10 min.

prolonged chest pain (>15 min) and/or recurrent
pain within 1 h
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Modes of  presentation and pathways to invasive management and myocardial 
revascularization in patients presenting with STEMI

www.escardio.org/guidelines
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2023 ESC Guidelines for the management of acute coronary syndromes
(European Heart Journal; 2023 – doi:10.1093/eurheartj/ehad191)

Figure 7
Modes of 
presentation and 
pathways to invasive 
management and 
myocardial 
revascularization in 
patients presenting 
with STEMI

Invasive management strategies are time sensitive

Timely PCI with concomitant antithrombotic drugs – key to 
reduce the ischemic risk in patients with ACS

Emergency CABG-
Occluded IRA when PPCI not feasible/ unsuccessful and 
large area of myocardium in jeopardy
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Selection of  invasive strategy and reperfusion therapy in patients presenting 
with NSTE-ACS

www.escardio.org/guidelines
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2023 ESC Guidelines for the management of acute coronary syndromes
(European Heart Journal; 2023 – doi:10.1093/eurheartj/ehad191)

Figure 8
Selection of invasive 
strategy and 
reperfusion therapy 
in patients presenting 
with NSTE-ACS

Very high-risk criteria:
• Hemodynamic instability or Cardiogenic Shock
• Recurrent or ongoing chest pain refractory to medical 
treatment
• Acute HF presumed secondary to ongoing myocardial 
ischemia
• Life-threatening arrhythmias or cardiac arrest after 
presentation
• Mechanical complications
• Recurrent dynamic ECG changes suggestive of ischemia 
(particularly with intermittent ST-segment elevation)

High-risk criteria:
• A confirmed diagnosis of NSTEMI 
• Dynamic ST-segment or T wave changes.
• Transient ST-segment elevation.
• A GRACE risk score >140
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Recommended default antithrombotic therapy regimens in acute coronary 
syndrome patients
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2023 ESC Guidelines for the management of acute coronary syndromes
(European Heart Journal; 2023 – doi:10.1093/eurheartj/ehad191)

Figure 10
Recommended 
default 
antithrombotic 
therapy regimens in 
acute coronary 
syndrome patients 
without an indication 
for oral 
anticoagulation

www.escardio.org/guidelines
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2023 ESC Guidelines for the management of acute coronary syndromes
(European Heart Journal; 2023 – doi:10.1093/eurheartj/ehad191)

Figure 11
Alternative 
antiplatelet strategies 
to reduce bleeding 
risk in the first 12 
months after an ACS
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Chronic Coronary Syndrome - CCS

• Defined by the different evolutionary phases of  CAD, excluding situations in which an 
acute coronary artery thrombosis dominates the clinical presentation. (i.e. ACS)

• Most frequently encountered clinical scenarios are:

(i) patients with suspected CAD and ‘stable’ anginal symptoms, and/or dyspnoea 

(ii) patients with new onset HF or LV dysfunction and suspected CAD

(iii) asymptomatic and symptomatic patients with stabilized symptoms <1 year after an 
ACS, or patients with recent revascularization

(iv) asymptomatic and symptomatic patients >1 year after initial diagnosis or 
revascularization

(v) patients with angina and suspected vasospastic or microvascular d/s

(vi) asymptomatic subjects in whom CAD is detected at screening
11



Approach for the initial diagnostic management of  patients with 
angina/Dyspnoea and suspected coronary artery disease

• Functional non invasive 

test -  stress CMR or 

stress echocardiography, 

SPECT, PET, 

myocardial contrast 

echocardiography, or 

contrast CMR.

• Anatomical non invasive 

test -  coronary CTA

• Exercise ECG
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Decision tree for 
patients undergoing 

invasive coronary 
angiography
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Long-term Management after ACS and in CCS 

www.escardio.org/guidelines
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2023 ESC Guidelines for the management of acute coronary syndromes
(European Heart Journal; 2023 – doi:10.1093/eurheartj/ehad191)

Figure 17
Long-term 
management after 
acute coronary 
syndrome

www.escardio.org/guidelines
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2021 ESC Guidelines on cardiovascular disease prevention in clinical practice
(European Heart Journal 2021 – doi:10.1093/eurheartj/ehab484)

Cardiovascular risk and risk 
factor treatment in patients 
with established cardiovascular 
disease
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Lipid lowering therapy

www.escardio.org/guidelines
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2023 ESC Guidelines for the management of acute coronary syndromes
(European Heart Journal; 2023 – doi:10.1093/eurheartj/ehad191)

Figure 18
Lipid-lowering 
therapy in ACS 
patients

15



Recommendations of  cardio-protective treatment for event 
prevention in ACS and CCS
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Diabetes and CAD

• ACS patients with DM- more commonly present with non-specific symptoms             delays in both diagnosis 
and access to treatment

• Have more advanced CAD at diagnosis and worse long-term prognosis

• All patients with ACS, regardless of  a history of  DM, should have their glycemic status evaluated during 
hospitalization

• Recent trial evidence shown that reduction in the risk of  new ACS events, HF, and renal impairment with 
SGLT2 inhibitors and GLP-1-RA - independent of  baseline HbA1c levels
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Management of  CAD in DM

www.escardio.org/guidelines
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2023 ESC Guidelines for the management of cardiovascular disease in patients with diabetes
(European Heart Journal; 2023 – doi:10.1093/eurheartj/ehad192)

Figure 1
Management of 
cardiovascular 
disease in patients 
with type 2 diabetes: 
clinical approach and 
key recommendations

www.escardio.org/guidelines
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2023 ESC Guidelines for the management of cardiovascular disease in patients with diabetes
(European Heart Journal; 2023 – doi:10.1093/eurheartj/ehad192)

Figure 7
Glucose-lowering 
treatment for 
patients with type 2 
diabetes to reduce 
cardiovascular risk 
based on the 
presence of 
ASCVD/severe target-
organ damage and 10-
year cardiovascular 
disease risk 
estimation via 
SCORE2-Diabetes

18



www.escardio.org/guidelines
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2023 ESC Guidelines for the management of cardiovascular disease in patients with diabetes
(European Heart Journal; 2023 – doi:10.1093/eurheartj/ehad192)

Recommendations Class Level

It is recommended to prioritize the use of glucose-lowering agents with proven CV 

benefits followed by agents with proven CV safety over agents without proven CV 

benefit or proven CV safety.

I C

Sodium–glucose co-transporter-2 inhibitors

SGLT2 inhibitors with proven CV benefit are recommended in patients with T2DM 

and ASCVD to reduce CV events, independent of baseline or target HbA1c and 

independent of concomitant glucose-lowering medication.

I A

Glucagon-like peptide-1 receptor agonists

GLP-1 RAs with proven CV benefit are recommended in patients with T2DM and 

ASCVD to reduce CV events, independent of baseline or target HbA1c and 

independent of concomitant glucose-lowering medication.

I A

Recommendations for glucose-lowering treatment for patients with type 
2 diabetes and ASCVD to reduce cardiovascular risk (1)
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Glucose lowering treatment in DM with CAD based on evidence

www.escardio.org/guidelines
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2023 ESC Guidelines for the management of cardiovascular disease in patients with diabetes
(European Heart Journal; 2023 – doi:10.1093/eurheartj/ehad192)

Figure 8
Glucose-lowering 
treatment for 
patients with type 2 
diabetes and 
atherosclerotic 
cardiovascular 
disease to reduce 
cardiovascular risk

www.escardio.org/guidelines
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2023 ESC Guidelines for the management of cardiovascular disease in patients with diabetes
(European Heart Journal; 2023 – doi:10.1093/eurheartj/ehad192)

Figure 5
Meta-analysis of 
cardiovascular 
outcomes trials with 
sodium–glucose co-
transporter-2 
inhibitors. (A) Overall 
major adverse 
cardiovascular events; 
(B) Major adverse 
cardiovascular events 
by atherosclerotic 
cardiovascular 
disease status

20



Evidence of  SGLT-2 inhibitors in Mx of  CAD 

▪ SGLT2 is the glucose transporter, reabsorbs 
approximately 90% of  glucose in the proximal 
tubule

▪ Little glucose excreted in the urine through 
sodium glucose co-transporters (SGLTs)

▪ Type 2 diabetes - dysregulation of  glucose 
homeostasis

▪ SGLT2 is a therapeutic target for the 
management of  type 2 diabetes
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Various types of  SGLTs

▪ Two types of  SGLTs, SGLT1 and SGLT2, important for the reabsorption of  filtered 

glucose from the kidney with different functions
22



SGLT2 vs SGLT1

SGLT2

▪ High-capacity transporter, but low affinity for glucose. 

▪ One molecule of  glucose is co-transported for each Na+ ion. 

▪ About 90% of  renal glucose reabsorption is carried out by SGLT2 in first segment of  the proximal tubule.

▪ Major transporter of  glucose in the kidney.

SGLT1

▪ Low-capacity transporter, but high affinity for glucose. 

▪ One molecule of  glucose is co-transported for 2 Na+ ions. 

▪ About 10% of  renal glucose reabsorption is carried out by SGLT1 located in the third segment of  the proximal tubule.

▪ Major transporter of  glucose in the intestines.
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SGLT2 inhibitors

MOA of  SGLT2 inhibition: 

▪ SGLT2 inhibitors block transport of  glucose by SGLT2 competing with glucose for binding sites 

▪ They reduce the Tmax of  glucose reabsorption in the proximal tubule, leading to urinary glucose excretion 
at a lower threshold concentration

Potential benefits of  SGLT2 inhibitors: 

▪ Lowers plasma glucose

▪ Weight loss

▪ Improves β-cell function and insulin resistance 

▪ Lowers blood pressure
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Cardiovascular protection mechanisms of  SGLT2 inhibitors

▪ Multiple direct & indirect mechanisms

▪ Improve many aspects : hemodynamics, metabolism, oxidative stress 
& inflammation

▪ Cardiovascular benefits are not related to anti-hyperglycemic effect of  
SGLT2i.

25



Cardiovascular protection mechanisms of  SGLT2 inhibitors
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Cardiovascular benefits

▪ Glycemic control & attenuation of  glucotoxicity

▪ Natriuresis, diuresis & reduction in plasma volume

▪ Reduction in BP

▪ Amelioration of  endothelial dysfunction & vascular stiffness

▪ Improvement of  cardiac energy metabolism

▪ Inhibition of  cardiac Na+/H+ ( attenuation of  cardiac remodeling & 
fibrosis )

▪ Improvements in cardiac structure & function

▪ Attenuation of  inflammation

▪ Reduction in serum uric acid level
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Empagliflozin, Cardiovascular Outcomes, and Mortality in Type 2 Diabetes
EMPA REG OUTCOME

Primary composite outcome - Death 
from cardiovascular causes, nonfatal 
myocardial infarction, or nonfatal 
stroke

Key secondary composite outcome - 
Primary outcome plus hospitalization 
for unstable angina

10.5

12.1Pt with type 2 DM at high risk for 
CV events (7020)– randomized 
1:1:1 fashion to Empagliflozin 
10mg/25mg/Placebo
Followed up – 3.1 yrs
590sites/42 countries

3.7

P<0.001 for noninferiority 5.9

5.7

8.3

2.7

4.1
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EMPA-REG OUTCOME: Summary

29

↓ 3P-MACE

14%

↓ CV death

38%

↓ All-cause 
mortality

32%

The overall safety profile of empagliflozin was consistent with previous clinical trials and 
current label information

35%

↓ Heart failure 
hospitalisations

39%

↓ Incident or 
worsening 
nephropathy

Patients with type 2 diabetes at high risk for cardiovascular events who received empagliflozin, as 
compared with placebo, had a lower rate of the primary composite cardiovascular outcome and of 
death from any cause when the study drug was added to standard care



Canagliflozin and Cardiovascular and Renal Events in Type 2 
Diabetes (CANVAS Program)

- Integrated data from two trials

-Total of 10,142 participants with type 2 diabetes and high cardiovascular risk

-Randomly assigned to receive canagliflozin or placebo

- Followed up for 188.2 weeks

- Primary outcome - composite of death from cardiovascular causes, nonfatal myocardial infarction, or nonfatal stroke

- Rate of the primary outcome was lower with canagliflozin than with placebo (occurring in 26.9 vs. 31.5, P<0.001 for 
noninferiority; P=0.02 for superiority).

-Possible benefit of progression of albuminuria and composite outcome of a sustained 40% reduction in the estimated 
glomerular filtration rate, the need for renal-replacement therapy, or death from renal causes

-Increased risk of amputation primarily at the level of the toe or metatarsal. 
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Canagliflozin and Cardiovascular and Renal Events in Type 2 
Diabetes (CANVAS Program)
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Dapagliflozin and Cardiovascular Outcomes in Type 2 DM patients
DECLARE – TIMI 58

-    17160 patients with type 2 diabetes with established CV Disease (6974) or Multiple Risk Factors (10186), receive either 
dapagliflozin 10 mg or placebo, follow up – 4.2 years, 882 sites in 33 countries

- Primary safety outcome - composite of major adverse cardiovascular events (MACE), defined as cardiovascular death, 
myocardial infarction, or ischemic stroke

- Primary efficacy outcomes - MACE and a composite of cardiovascular death or hospitalization for heart failure

- Secondary efficacy outcomes - Renal composite (≥40% decrease in estimated GFR to <60, new end-stage renal disease, 
or death from renal or cardiovascular causes) and death from any cause
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Dapagliflozin and Cardiovascular Outcomes in Type 2 DM patients
DECLARE – TIMI 58

Significantly lower rate of cardiovascular death and 
hospitalization for heart failure than placebo but did 
not result in a significantly lower rate of MACE

Dapagliflozin was noninferior to placebo with respect to the 
composite safety outcome of cardiovascular death, myocardial 
infarction, or ischemic stroke (MACE)
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Canagliflozin and Renal Events in Diabetes with Established Nephropathy 
Clinical Evaluation (CREDENCE Trial)
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The VERTIS CV Trial
Cardiovascular Outcomes Following Ertugliflozin Treatment in Patients with 
Type 2 Diabetes Mellitus and Atherosclerotic Cardiovascular Disease
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Meta-analysis of SGLT2 inhibitor trials demonstrated a 
reduction in the primary ASCVD-based composite of time to 
first event of CV death, MI, or stroke

Neither Dapa nor Ertu reduced the risk of MACE, but both 
reduced risk of HF hospitalization
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Empagliflozin in acute myocardial infarction: the EMMY trial 

-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-pro BNP concentrations, echocardiographic functional 

and structural parameters (LVEF, E/è, LVEDV, LVESV) over 26 weeks of 

treatment was evaluated

% decline across all visits in NT pro BNP concentration 

Changes in echocardiographic parameters by treatment group
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Dapagliflozin in MI without DM or HF
DAPA MI

- Primary hierarchical composite outcome including all
seven components resulted in 32.9% wins for dapagliflozin
and 24.6% wins for placebo
- benefit was mainly driven by the cardiometabolic
components 
- the rates of the composite of time to cardiovascular death/ 
hospitalization for HF were similar in both treatment groups
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Empagliflozin in patients post myocardial infarction rationale and design of  
the EMPACT-MI trial

• Will evaluate safety and efficacy of  empagliflozin compared with placebo in patients 
hospitalized for MI with or at high risk of  new onset HF, in addition to standard care.

• Streamlined, multinational, randomized, double-blind, placebo-controlled trial 
randomizing 5,000 participants at 480 centers in 22 countries

• Eligible patients with spontaneous MI having new signs or symptoms of  pulmonary 
congestion or LVEF < 45%, and at least 1 additional risk factor for development of  
future HF

• Randomized to empagliflozin 10mg or placebo daily in addition to standard of  care 
within 14 days of  hospital admission for MI

• The primary composite end point is time to first hospitalization for HF or all-cause 
mortality

• EMPACT-MI will inform clinical practice regarding the role of  empagliflozin in patients 
after an MI with high-risk for the development of  future HF and mortality 40



Conclusion

▪ SGLT2 inhibitors were developed as anti-diabetic agents but cumulating  
evidence has shown their beneficial effects on CV system

▪ Therapeutic spectrum of  SGLT2i are extended to non-diabetic patients 
since CV benefits are independent of  glycemic control

▪ Extensive clinical studies demonstrated that SGLT2i reduced the risk of  
CV death & hospitalization for HF in broad range of  DM patients with all 
stages of  HF with/without established CAD

▪ The use of  SGLT2i is also safe in patients with CKD
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Conclusion

• The difference in Primary outcome- became evident approximately 3 months 
after starting Empa

• The impressive outcome results occurred in addition to background of  near-
optimal treatment of  BP, lipid, anticoagulation by standard of  care

• Speaks the ability of  Empa to tackle some of  the residual CV risk 

• Whether Empa can improve CV outcome in pt with DM without pre-existing 
CV disease ???

• Whether Empa can improve CV outcome in pt with pre-existing CV disease 
without DM ???
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THANK YOU
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