
:וסקולרי –בחולה הקרדיו בסכרתהטיפול 

תפקיד הקרדיולוג

דורון זגר' פרופ

מנהל המערך הקרדיולוגי

"סורוקה"המרכז הרפואי האוניברסיטאי 



תיאור מקרה

בו  אישפוזפונה למרפאה למעקב לאחר 65בת אשה•

תפקוד הלב היה  . עברה אוטם לא חודר וניתוח מעקפים

. ירוד במידה בינונית

.  מתעוקה או קוצר נשימהחפשיתמאז הניתוח היא •

.  וסכרתדיסליפידמיה, ד.יתר ל–ברקע •

יום  /ג"מ2.5קרדילוק, הטיפול בשחרור כולל אספירין•
.  יום/ג"מ20וקרסטוריום /2*ג"מ850מטפורמין

 ,Creatinine: 1.3 mg/dl, T.C: 150: במעבדה•

•LDL: 68, HDL: 35, HBA1C: 8.0%
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Type 2 diabetes is increasingly prevalent

• Globally, 387 million people 

are living with diabetes1

3

• At least 68% of people >65 years 

with diabetes die of heart disease2

This will rise to 592 

million by 20351

1. IDF Diabetes Atlas 6th Edition 2014 http://www.idf.org/diabetesatlas; 2. Centers for Disease Control and 

Prevention 2011; 3. Seshasai et al. N Engl J Med 2011;364:829-41

Mortality risk associated with 

diabetes (n=820,900)3

http://www.idf.org/diabetesatlas


Empagliflozin

• Empagliflozin is a highly selective inhibitor of the sodium 

glucose cotransporter 2 (SGLT2) in the kidney

• Glucose reduction occurs by reducing renal glucose 

reabsorption and thus increasing urinary glucose 

excretion

• In patients with type 2 diabetes, empagliflozin leads to1:

– Significant reductions in HbA1c 

– Weight loss 

– Reductions in blood pressure without increases in heart rate

4

1. Liakos A et al. Diabetes Obes Metab 2014;16:984-93



0.50 1.00 2.00

Number of events

More 
intensive

Less
intensive

Difference in 
HbA1c (%)

HR (95% CI)

Stroke 378 370 -0.88 0.96 (0.83, 1.10)

Myocardial infarction 730 745 -0.88 0.85 (0.76, 0.94)

Hospitalisation for or 
death from heart 
failure

459 446 -0.88 1.00 (0.86, 1.16)

Meta-analysis of intensive glucose control in 

T2DM: major CV events including heart failure

5

Favours more intensive Favours less intensive

• Meta-analysis of 27,049 participants and 2370 major vascular events from:

– ADVANCE

– UKPDS

– ACCORD

– VADT

HR, hazard ratio; CV, cardiovascular

Turnbull FM et al. Diabetologia 2009;52:2288–2298 



0.50 1.00 2.00

Number of events

More 
intensive

Less
intensive

Difference in 
HbA1c (%)

HR (95% CI)

All-cause mortality 980 884 -0.88 1.04 (0.90,1.20)

CV death 497 441 -0.88 1.10 (0.84,1.42)

Non-CV death 476 432 -0.88 1.02 (0.89,1.18)

Meta-analysis of intensive glucose control in 

T2DM: mortality
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Favours more intensive Favours less intensive

• Meta-analysis of 27,049 participants and 2370 major vascular events from

– ADVANCE

– UKPDS

– ACCORD

– VADT

HR, hazard ratio; CV, cardiovascular

Turnbull FM et al. Diabetologia 2009;52:2288–2298



EMPA-REG OUTCOME®

• Randomised, double-blind, placebo-controlled CV 

outcomes trial

• Objective

To examine the long-term effects of empagliflozin versus 

placebo, in addition to standard of care, on CV 

morbidity and mortality in patients with type 2 diabetes 

and high risk of CV events

7

CV, cardiovascular



Trial design

• Study medication was given in addition to standard of care

– Glucose-lowering therapy was to remain unchanged for first 12 weeks

• Treatment assignment double masked

• The trial was to continue until at least 691 patients 

experienced an adjudicated primary outcome event

8

Randomised 

and treated

(n=7020)

Empagliflozin 10 mg

(n=2345) 

Empagliflozin 25 mg 

(n=2342) 

Placebo 

(n=2333)

Screening

(n=11531)



Key inclusion and exclusion criteria

• Key inclusion criteria

– Adults with type 2 diabetes

– BMI ≤45 kg/m2

– HbA1c 7–10%* 

– Established cardiovascular disease

• Prior myocardial infarction, coronary artery disease, stroke, unstable 

angina or occlusive peripheral arterial disease

• Key exclusion criteria

– eGFR <30 mL/min/1.73m2 (MDRD) 

9

BMI, body mass index; eGFR, estimated glomerular filtration rate; MDRD, Modification of Diet in Renal Disease

*No glucose-lowering therapy for ≥12 weeks prior to randomisation or no change in dose for ≥12 weeks prior to 

randomisation or, in the case of insulin, unchanged by >10% compared to the dose at randomisation 



Pre-specified primary and key secondary 

outcomes

• Primary outcome

– 3-point MACE: Time to first occurrence of CV death, non-fatal 

MI or non-fatal stroke

• Key secondary outcome

– 4-point MACE: Time to first occurrence of CV death, non-fatal 

MI, non-fatal stroke or hospitalisation for unstable angina

10

CV, cardiovascular; MI, myocardial infarction; MACE, Major Adverse Cardiovascular Event



HbA1c 
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All patients (including those who discontinued study drug or initiated new therapies) were included in this 

mixed model repeated measures analysis (intent-to-treat) X-axis: timepoints 

with reasonable amount of data available for pre-scheduled measurements
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12

28 52 1080 164 22012

All patients (including those who discontinued study drug or initiated new therapies) were included in this 

mixed model repeated measures analysis (intent-to-treat) X-axis: timepoints 

with reasonable amount of data available for pre-scheduled measurements



Systolic blood pressure  
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Empagliflozin 25 mg
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2203

2235

2221

2161

2193

2197

2133

2174

2169

2073

2125

2129

2024

2095

2102

1974

2072

2066

1771

1853

1878

1492

1556

1571

1274

1327

1351

1126

1189

1212

981

1034

1070

735

790

842

450

518

528

171

199

216

Placebo

Empagliflozin 10 mg

Empagliflozin 25 mg

16 28 52 94 10880 12266 1360 150 164 178 192 20640

All patients (including those who discontinued study drug or initiated new therapies) were included in this 

mixed model repeated measures analysis (intent-to-treat) X-axis: timepoints 

with reasonable amount of data available for pre-scheduled measurements



Primary outcome:

3-point MACE

14

HR 0.86
(95.02% CI 0.74, 0.99)

p=0.0382*

Cumulative incidence function. MACE, Major Adverse Cardiovascular Event; HR, hazard ratio. 
* Two-sided tests for superiority were conducted (statistical significance was indicated if p≤0.0498)



3-point MACE

15

Empagliflozin 10 mg
HR 0.85

(95% CI 0.72, 1.01)
p=0.0668

Empagliflozin 25 mg
HR 0.86

(95% CI 0.73, 1.02)
p=0.0865

Cumulative incidence function. MACE, Major Adverse Cardiovascular Event; HR, hazard ratio



CV death  

16

HR 0.62
(95% CI 0.49, 0.77)

p<0.0001

Cumulative incidence function. HR, hazard ratio 



CV death  

17

Empagliflozin 10 mg
HR 0.65

(95% CI 0.50, 0.85)
p=0.0016

Empagliflozin 25 mg
HR 0.59

(95% CI 0.45, 0.77)
p=0.0001

Cumulative incidence function. HR, hazard ratio 



Hospitalisation for heart failure

18

HR 0.65
(95% CI 0.50, 0.85)

p=0.0017

Cumulative incidence function. HR, hazard ratio 



All-cause mortality

19

HR 0.68
(95% CI 0.57, 0.82)

p<0.0001

Kaplan-Meier estimate. HR, hazard ratio 



All-cause mortality

20

HR 0.68

(95% CI 0.57, 0.82)

p<0.0001

Empagliflozin 10 mg
HR 0.70

(95% CI 0.56, 0.87)
p=0.0013

Empagliflozin 25 mg
HR 0.67

(95% CI 0.54, 0.83)
p=0.0003

Kaplan-Meier estimate. HR, hazard ratio 



Adverse events

Rate = per100 patient-years

Placebo

(n=2333)

Empagliflozin 

10 mg

(n=2345)

Empagliflozin 

25 mg

(n=2342)

n (%) Rate n (%) Rate n (%) Rate

One or more AEs 2139 

(91.7%)

178.67 2112 

(90.1%)

150.34 2118 

(90.4%)

148.36

One or more drug-related*

AEs

549 

(23.5%)

11.33 666 

(28.4%)

14.15 643 

(27.5%)

13.38

One or more AEs leading to 

discontinuation

453 

(19.4%)

8.26 416 

(17.7%)

7.28 397 

(17.0%)

6.89

One or more serious AEs 988 

(42.3%)

22.34 876 

(37.4%)

18.20 913 

(39.0%)

19.39

21

*As reported by the investigator

Patients treated with ≥1 dose of study drug



Adverse events consistent with genital infection

Rate = per100 patient-years

Placebo 

(n=2333)

Empagliflozin 

10 mg 

(n=2345)

Empagliflozin 

25 mg 

(n=2342)

n (%) Rate n (%) Rate n (%) Rate

Events consistent with 

genital infection

42 

(1.8%)

0.73 153 

(6.5%)

2.66 148 

(6.3%)

2.55

Serious events 3 

(0.1%)

0.05 5 

(0.2%)

0.08 4 

(0.2%)

0.07

Events leading to 

discontinuation

2 

(0.1%)

0.03 19 

(0.8%)

0.32 14 

(0.6%)

0.23

By sex

Male 25

(1.5%)

0.60 89 

(5.4%)

2.16 77 

(4.6%)

1.78

Female 17

(2.6%)

1.09 64

(9.2%)

3.93 71

(10.8%)

4.81

22

Patients treated with ≥1 dose of study drug

Based on 88 MedDRA preferred terms



Confirmed hypoglycaemic adverse events

Placebo 

(n=2333)

Empagliflozin 

10 mg 

(n=2345)

Empagliflozin 

25 mg 

(n=2342)

n (%)

Confirmed hypoglycaemic 

adverse events

650 (27.9%) 656 (28.0%) 647 (27.6%)

Events requiring 

assistance

36 (1.5%) 33 (1.4%) 30 (1.3%)

Patients taking insulin at 

baseline

Total 483 (42.6%) 494 (43.6%) 464 (41.4%)

Events requiring 

assistance

28 (2.5%) 27 (2.4%) 25 (2.2%)

23

Patients treated with ≥1 dose of study drug  

Plasma glucose <3.9 mmol/L (70 mg/dL) and/or requiring assistance



EMPA-REG OUTCOME®: summary

• Empagliflozin prevented hospitalization for heart failure by 35% 

• Empagliflozin reduced CV death by 38%

• Empagliflozin improved survival by reducing all-cause mortality by 32%

• Empagliflozin was associated with a reduction in HbA1c without an increase 

in hypoglycaemia, reductions in weight and blood pressure, and small 

increases in LDL cholesterol and HDL cholesterol

• Empagliflozin was associated with an increase in genital infections but was 

otherwise well tolerated

24

MACE, major adverse cardiovascular event; HDL, high density lipoprotein; 

LDL, low density lipoprotein



• Real world study in 6 countries

• 470,128 episodes of new treatment initiation 

for diabetes. One year follow up. 

• Only 26% with CV disease

• Propensity matching of SGLT2 inhibitors vs. 

other medications





Overall Death Hospitalization for HF



• This analysis sought to assess the impact of 

SGLT2 inhibition vs. other antidiabetic 

agents in patients with and without CVD. 

• Propensity matching, 13% with established 

CVD, 87% without (39,293 vs. 266,863). 



EVENT RATES IN PATIENTS WITH AND 

WITHOUT CVD







CONCLUSIONS

• In this observational analysis of the CVD-

REAL study, most patients treated with 

SGLT-2i in clinical practice across 5 countries 

do not have established CVD.

• Patients with and without established CVD 

are at lower associated risk of both death and 

HF after initiation of SGLT-2i therapy 

compared to therapy with other GLDs.



SUGGESTED MECHANISMS BEYOND GLUCOSE LOWERING

Farkouh and 

Verma JACC 

2018; 2507











Conclusions

In patients with type 2 diabetes at high 

cardiovascular risk, empagliflozin was 

associated with slower progression of kidney 

disease and lower rates of clinically relevant 

renal events than was placebo when added to 

standard care.



• Renal glucose excretion declines with declining renal 

function. Therefore, glucose lowering with 

empagliflozin also declines in these patients. 

• However, there is evidence that the effects on 

albuminuria and BP are retained. 

• This was a sub analysis of EMPAREG OUTCOME in 

patients with CKD (eGFR: 30-60)



HBA1C

weight



Cardiovascular death, hospitalization for heart failure, all-cause mortality, and all-cause 
hospitalization in patients with and without prevalent kidney disease (estimated glomerular 

filtration rate <60 mL·min−1·1.73 m−2 and/or macroalbuminuria [urine albumin-creatinine ratio 
>300 mg/g]) at baseline. 

Christoph Wanner et al. Circulation. 2018;137:119-129

Copyright © American Heart Association, Inc. All rights reserved.



Time to cardiovascular death (A), all-cause mortality (B), hospitalization for heart failure (C), and 
all-cause hospitalization (D) with empagliflozin pooled and placebo in patients with prevalent 

kidney disease (estimated glomerular filtration rate<60 mL·min−1·1.73 m−2 and/or 
macroalbuminuria [urine albumin-creatinine ratio >300 mg/g]) at baseline. 

Christoph Wanner et al. Circulation. 2018;137:119-129

Copyright © American Heart Association, Inc. All rights reserved.



Adverse events with empagliflozin pooled compared with placebo in patients with estimated 
glomerular filtration rate (eGFR) <45, 45 to <60, and ≥60 mL·min−1·1.73 m−2 at baseline. 

Christoph Wanner et al. Circulation. 2018;137:119-129

Copyright © American Heart Association, Inc. All rights reserved.



CONCLUSIONS

• Empagliflozin safely reduced morbidity and 

mortality in patients with T2DM, established 

cardiovascular disease, and CKD. 

• Despite diminishing glucose-lowering efficacy 

with declining renal function, improved 

outcomes with empagliflozin were consistent 

across subgroups of patients by baseline renal 

function



• EMPAREG included 2004 women and 5026 

men





Original Article

Canagliflozin and Cardiovascular and Renal 

Events in Type 2 Diabetes

Bruce Neal, M.B., Ch.B., Ph.D., Vlado Perkovic, M.B., B.S., Ph.D., Kenneth W. 

Mahaffey, M.D., Dick de Zeeuw, M.D., Ph.D., Greg Fulcher, M.D., Ngozi 

Erondu, M.D., Ph.D., Wayne Shaw, D.S.L., Gordon Law, Ph.D., Mehul Desai, M.D., 

David R. Matthews, D.Phil., B.M., B.Ch., for the CANVAS Program Collaborative 

Group

N Engl J Med
Volume 377(7):644-657

August 17, 2017



Study Overview

• In this report of two randomized trials, patients with 

type 2 diabetes at risk for cardiovascular disease 

received the sodium–glucose cotransporter 2 inhibitor 

canagliflozin or placebo and were followed for 188 

weeks.

• Baseline HBA1C in both groups was 8.2%. 

• Canagliflozin reduced the risk of cardiovascular 

events.



Effects of Canagliflozin on Glycated Hemoglobin Level, Body Weight, and Systolic and Diastolic 
Blood Pressure in the Integrated CANVAS Program.

Neal B et al. N Engl J Med 2017;377:644-657



Effects of Canagliflozin on Cardiovascular, Renal, Hospitalization, and Death Events in the 
Integrated CANVAS Program.

Neal B et al. N Engl J Med 2017;377:644-657



Adverse Events.

Neal B et al. N Engl J Med 2017;377:644-657



Conclusions

• In two trials involving patients with type 2 diabetes and 

an elevated risk of cardiovascular disease, patients 

treated with canagliflozin had a lower risk of 

cardiovascular events than those who received 

placebo but a greater risk of amputation, primarily at 

the level of the toe or metatarsal.







לסיכום
קרדיו וסקולרית צריכה מחלה בחולים עם לסכרתבחירת הטיפול •

.  לקחת בחשבון גם את התוצאות הקרדיו וסקולריות של הטיפול

•Empagliflozineאת , מוריד משמעותית את התמותה הכוללת

התמותה הקרדיו וסקולרית ואת שיעור החמרת אי ספיקת הלב 

.  והחמרת התפקוד הכלייתי

ישנן תוצאות טובות אם כי לא הוכחה GLP1 analoguesגם ל •

.  השפעה מובהקת על אי ספיקת הלב והתרופות ניתנות בזריקה

מטפורמיןכקו שני אחרי empagliflozineיש לשקול שימוש ב •

.דקה לפחות/ל"מ30בחולים שהפינוי הכלייתי שלהם הוא 





!תודה רבה


