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Current evidence supporting the role of diuretics in heart failure:
a meta analysis of randomised controlled trials

R. Faris™, M. Flather, H. Purcell, M. Henein, P. Poole-Wilson, A. Coats

Events/Patients OR and 95% CI1
Treatment Control

Burr 0/52 5/54
0% 9.2%

Myers 6/39 2138
15.4% 5.2%

De .Jong 0/34 3129
0% 10.3%

Walma 4100 24/102
4% 23.5%

Overall 107225 347223
4.4% 15.2%

Overall Odds Ratio 0.31; p=0.001
¢? test for heterogeneity = 0.04

Faris et al, Int J Cardiol 82 (2002): 149-158 AS-af2-0616



Withdrawal in Patients on ACE-Inhibitors

(Cross over)

14 Pts.
| Blulonin: Captoprll
- Captopril (3x25 mg) stable 10 Pts.
. ———

- Furosemide (40 mg) (stable)

+ Amiloride (5 mg)

4 Pts.
Pulmonary Edema

14 Pts. (11d, 33d, 8d, 16d)
- Furosemide (40 mg) 14 Pts.

+ Amiloride (5 mg) : (stable)

No Withdrawals

Richardson et al., Lancet 1987;11:709-711 Richards.ppt



Withdrawal of Diuretic In
Older Individuals without Ouvert CHF
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Withdrawal of Diuretics in
Older Individuals without Ouvert CHF

Criterion Withdrawal group Control group Risk difference (%)
(n=102) (n=100) (95% CI)
All 50 13 36 (22 to 50)
Heart Failure 25 4 21 (11 to 31)
Hypertension 9 5 4 (-3to 11)
Subjective shortness of breath 6 0 6 (1to 11)
Non-cardiac ankle oedema 4 1 3(-1to 8)
Miscellaneous clinical conditions 3 1 2 (-210 6)
Other 3 2 1(-3to5)

Walma et al, BMJ 315 (1997): 464-468 AS-ag-0102
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symptomatic despite trextment
with am ACE-IF and a
bem-blodker, to reduce the risk of

HF Bospitalizmtion and deatch.
e European Heart Journal

doi:10.1093/eurheartj/ehw128
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Study design — CIBIS ||

Bisoprolol-first (0.d.)

.lIII Bisoprolol o.d. Bisoprolol o.d.
Second maintenance period

Second up-titration
22-100 weeks
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I I I I I I I I I I I Il I I I |
i T T T T T T T T T T I T T T I
* * £ * * * * * * * * * * k * i % * * * k
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e ) 375 >0
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.lI Bisoprolol o.d.

.l Enalapril b.i.d Enalapril b.i.d
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* * * * * * * * * * & 3 * * D B 000000000000000 < 3 o & *
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DOI: 10.1161/CIRCULATIONAHA.105.582320

PP-A-0905.9



Primary endpoint — CIBIS |

% without

endpoint
100 Per-protocol (PP)
Mean follow-up %0 lol
1.25 years % = Enalapril-first

70 T
B/E vs E/B R
60t HR 0.97 (95% CI 0.78-1.21)
non-inferiority P=0.046

50

1203 = 3 80 patients at risk
(I) els 1l2 1l8 months
% without
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o 100- Intention-to-treat (ITT)
For non-inferiority
P<0.025 denotes 90
statistical significance
. 80
(unilateral test) .
70 -
B/E vs E/B
601 HR 0.94 (95% CI1 0.77-1.16)
5o non-inferiority P=0.019
1505 389 291 87 Patients at risk
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Food for Thoughts — CIBIS 111

Bisoprolol-first achieved clinically
comparable survival and all-cause
hospitalization compared with enalapril-first.

Bisoprolol-first was associated with a trend
towards increased worsening of CHF in the
early phase of treatment.

Bisoprolol-first showed a trend towards
improved survival during the early study
phase (which was maintained

during combined therapy).

DOI: 10.1161/CIRCULATIONAHA.105.582320 PP-A-0905.30
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Protection by a Steroid-Spirolactone Against Certain Types of
Cardiac Necroses.* (25782)

HANSs SELYE
Institut de Médecine et de Chirurgie expérimentales, Université de Montréal, Montreal, Canada,

FIG. 1. Typical multiple myocardial necroses and
extensive mephrocaleinosis—particularly at cortico-
medullary junetion line—in a rat (Group 1 of first
experiment) in which F-COL - Na,HPO, was ad-
ministered (left). Compare with the apparently
normal organs of a rat (Group 2 of first experi-
ment) treated with SC-9420-in-addition to F-COT,
+ Na,HPO,.

Selye, Proc Soc Exp Biol Med 104 (1960): 109-111 AS-au2-0616



Aldosterone Receptor Blocker in Severe (left) and
Moderate (right) Heart Failure

RALES EMPHASIS-HF
1663 NYHA class lII/1V patients 2737 NYHA class |l patients
95% ACE-1/10% B-blocker 93% ACE-l or ARB/87% B-blocker
_ _ APy Eplerenone
m o "‘s._
% % Placebo
o -
© ks
foy oy
= S
m [1+]
L L
e o
[a'8 . (s
RRR (95% Cl) 30 (18-40)% ' RRR (95% Cl) 22 (5-36)%
0.00 -f—|—|—| 0.00 -f—|—|—|
Years from randomlzatmn Years fmm randomlzatmn
Pitt et al, Zannad et al,
N Engl J Med 341 (1999); 709-717 N Engl J Med 364 (2011); 11-21

AS-ad-1011



Incidence, Predictors, and Outcomes Related to Hypo- and
Hyperkalemia in Patients With Severe Heart Failure Treated
With a Mineralocorticoid Receptor Antagonist
Orly Vardeny, PharmD, MS; Brian Claggett, PhD; Inder Anand, MD;

Patrick Rossignol, MD, PhD; Akshay S. Desai, MD, MPH; Faiez Zannad, MD, PhD;

Bertram Pitt, MD; Scott D. Solomon, MD;
for the Randomized Aldactone Evaluation Study (RALES) Investigators
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10 20 30
Months Post Randomization
N=

Placebo 836 787 729 691 619 560 510 436
Spiro 817 762 704 695 640 586 549 484

Vardeny et al, Circ Heart Fail 7 (2014): 573-579



Consistency of Laboratory Monitoring During
Initiation of Mineralocorticoid Receptor Antagonist
Therapy in Patients With Heart Failure

Observed Laboratory Testing of Potassium and Creatinine Levels
Among Patients Initiating Mineralocorticoid Receptor Antagonist
Therapy for Heart Failure

No. (%) of Patients
(N=10443)
Preinitiation testing (120 d before drug initiation)
Appropriate?® 9564 (91.6)
None 879 (8.4)

Early postinitiation testing (1-10 d after
drug initiation)
Appropriate® 1384 (13.3)
Any 4661 (44.6)
None 5782 (55.4)
Extended postinitiation testing (11-90 d after
drug initiation)
Appropriate© 3122 (29.9)

Any 8115 (7 7 7) 2 Defined by the presence of at least 1laboratory claim (or hospitalization)
within 120 days before drug initiation.

None 2328 (22 -3) b Defined by the presence of 2 laboratory claims (or hospitalizations or 1

. . . laboratory claim plus hospital discharge within 3 days before initial outpatient
Received all appropriate testing 756 (7'2) prescription fill) within 10 days after drug initiation.

No preinitiation or postinitiation testing 280 (2_7) ¢ Defined by the presence of 3 laboratory claims (or hospitalizations) within 11 to
- e | 90 daysaafter druginitiation.

Cooper et al, JAMA 314 (2015): 1973-1975 AS-ap-1215



Hospitalizations due to Hyperkalemia after RALES

Rate of In-Hospital Death from Hyperkalemia

(per 1000 patients)
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Incidence, Predictors, and Outcomes Related to Hypo- and
Hyperkalemia in Patients With Severe Heart Failure Treated
With a Mineralocorticoid Receptor Antagonist
Orly Vardeny, PharmD, MS; Brian Claggett, PhD; Inder Anand, MD;

Patrick Rossignol, MD, PhD; Akshay S. Desai, MD, MPH; Faiez Zannad, MD, PhD;

Bertram Pitt, MD; Scott D. Solomon, MD;
for the Randomized Aldactone Evaluation Study (RALES) Investigators
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Incidence, Predictors, and Outcomes Related to Hypo- and
Hyperkalemia in Patients With Severe Heart Failure Treated
With a Mineralocorticoid Receptor Antagonist
Orly Vardeny, PharmD, MS; Brian Claggett, PhD; Inder Anand, MD;
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New Potassium Binders for the Treatment of Hyperkalemia
Current Data and Opportunities for the Future

Bertram Pitt, George L. Bakris

Structure of ZS-9. Pore detail with potassium ion (A), sodium ion (B), and calcium ion
(C). Blue spheres indicates oxygen atoms; green spheres, silicon atoms; and red
spheres, zirconium atoms.

Reprinted from Stavros et al, PLoS One 9 (2014) 114686 with permission of the
publisher. Copyright © 2014, the Authors.

Pitt & Bakris, Hypertension 66 (2015): 731-738 AS-aa4-1015



Effect of Sodium Zirconium Cyclosilicate on Potassium
Lowering for 28 Days Among Outpatients With Hyperkalemia
The HARMONIZE Randomized Clinical Trial

Mikhail Kosiborod, MD; Henrik S. Rasmussen, MD, PhD; Philip Lavin, PhD; Wajeh Y. Qunibi, MD; Bruce Spinowitz, MD; David Packham, MD;
Simon D. Roger, MD; Alex Yang, MD; Edgar Lerma, MD; Bhupinder Singh, MD
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Kosiborod et al, JAMA (2014): [doi: 10.1001/JAMA.2014.15688]



Patiromer in Patients with Kidney Disease and Hyperkalemia
Receiving RAAS Inhibitors

Matthew R. Weir, M.D., George L. Bakris, M.D., David A. Bushinsky, M.D., Martha R. Mayo, Pharm.D.,
Dahlia Garza, M.D., Yuri Stasiv, Ph.D., Janet Wittes, Ph.D., Heidi Christ-Schmidt, M.S.E., Lance Berman, M.D.,
and Bertram Pitt, M.D., for the OPAL-HK Investigators*

Time to First Recurrence of Hyperkalemia during the Randomized Withdrawal Phase

A Time to First Serum Potassium Level =5.5 mmol/liter B Time to First Serum Potassium Level 5.1 mmol/liter
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Weir et al, N Engl J Med 372 (2015): 211-221 AS-aw3-0415



What do we need?

- Randomised, prospektive Study

GFR 15-45 ml/min
Spironolactone plus Patiromir vs Standardtherapie

planned
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Patient with symptomatic® HFrEF"

Therapy with ACE-I* and beta-blocker
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or a history of symptomatic VT/VF, implant ICD
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and LVEF <35%

g
1 ] ]

Able to tolerave Sinus rhythm, Sinus rhythm,”
ACEl {or ARB)" QRS duration =130 mses HR =70 bpm

!

Ivabradine

Diuretics to relieve symptoms and signs of congestion

European Heart Journal
doi:10.1093/eurheartj/ehw128



Recommendations for Renin-Angiotensin System

Inhibition With ACE Inhibitor or ARB or ARNI

COR LOE Recommendations
I ARNI: B-R In patients with chronic symptomatic HFrEF NYHA class Il or Ill who tolerate an ACE inhibitor or ARB,
. replacement by an ARNI is recommended to further reduce morbidity and mortality (19).
See Online
Data Supplements
1 and 18.

Yancy et al, Circulation 134 (2016)

AS-bi6-0516



Regulation of Natriuretic Peptides, Bradykinin and Angiotensin |l
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Convertase
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Soluble Neprilysin Is Predictive of
Cardiovascular Death and Heart Failure
Hospitalization in Heart Failure Patients

Antoni Bayés-Genis, MD, PuD,* Jaume Barallat, MD,{{ Amparo Galan, MD, PuD,{{ Marta de Antonio, MD, PuD,*¢

Mar Domingo, MD, PuD,* Elisabet Zamora, MD, PuD,*{ Agustin Urrutia, MD, PuD,*+ Josep Lupén, MD, PuD*{

[ Membrane-bound

Neprilysin

Breakdown of:
Bradykinin
Endothelin-1
Angiotensin ||
Substance P
Adrenomedullin
ANP/CNP

Bayés-Genis et al, J Am Coll Cardiol 65 (2015): 657-665

AS-ag4-0415
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Soluble Neprilysin Is Predictive of
Cardiovascular Death and Heart Failure
Hospitalization in Heart Failure Patients

Antoni Bayés-Genis, MD, PuD,* Jaume Barallat, MD,{{ Amparo Galan, MD, PuD,{{ Marta de Antonio, MD, PuD,*¢
Mar Domingo, MD, PuD,* Elisabet Zamora, MD, PuD,*{ Agustin Urrutia, MD, PuD,*+ Josep Lupén, MD, PuD*{
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Soluble Neprilysin Is Predictive of
Cardiovascular Death and Heart Failure
Hospitalization in Heart Failure Patients

Antoni Bayés-Genis, MD, PuD,* Jaume Barallat, MD,{{ Amparo Galan, MD, PuD,{{ Marta de Antonio, MD, PuD,*¢
Mar Domingo, MD, PuD,* Elisabet Zamora, MD, PuD,*{ Agustin Urrutia, MD, PuD,*+ Josep Lupén, MD, PuD*{
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Concept of ARNIs : Pharmacologic Actions

Angiotensin | | e > Angiotensin I
C_ACE Inhibition >
Bradykinin | >

Inactive products
Natriuretic peptides NEP Inhibition
(ANP, BNP, CNP) — Inactive products

Cardioprotection é Hypertrophy
Heart
Vasodilation % Vasoconstriction

Blood vessels

Sodium _ |
excretion /’) Sodium Retention

Kidney




LCZ696 is a salt complex

2D LCZ696 structurel LCZ696 comprises the anionic

forms of sacubitril and valsartan,
sodium cations and water?

Its smallest crystal structure unit
consists of:?

6 sacubitril and 6 valsartan
molecules in anionic form

18 sodium cations
Sacubitril Valsartan 15 water molecules

e LCZ696 is available in three doses:?

— 50 mg (24 mg sacubitril / 26 mg valsartan)
— 100 mg (49 mg sacubitril / 51 mg valsartan)
— 200 mg (97 mg sacubitril / 103 mg valsartan)
1. Novartis Data on File: LCZ696 Investigator’s Brochure Edition 16, 25 March 2015;
2. Feng et al. Tetrahedron Lett 2012;53:275-6;

BNbEDBahEs i RS RlRiRg R BsmR AR FNE R 5945,
ayn/praduct/ni/pdf/antresto AARPS b Terspeder ke 22poaITe:

H,O=water; Na=sodium

AS-ab7-0116


http://www.pharma.us.novartis.com/product/pi/pdf/entresto.pdf
http://www.pharma.us.novartis.com/product/pi/pdf/entresto.pdf

PARADIGM-HF: Primary outcome

Prospective comparison of ARNI with ACEI to Determine Impact on
Global Mortality and morbidity in Heart Failure trial

HR: 0.80 (0.73, 0.87)

p <0.001
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Days after Randomization

At risk
Enalapril: 4212 3883 3579 2922 2123 1488 853 236

LCZ696: 4187 3922 3663 3018 2257 1544 896 249



PARADIGM-HF

Prospective comparison of ARNI with ACEI to Determine Impact on
Global Mortality and morbidity in Heart Failure trial

Death from CV causes HF hospitalization
20% risk reduction 21% risk reduction

HR: 0.80 (0.71,0.89) HR: 0.79 (0.71,0.89)
P = 0.00004 P = 0.00004
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PARADIGM-HF

Prospective comparison of ARNI with ACEI to Determine Impact on
Global Mortality and morbidity in Heart Failure trial
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Comparing LCZ696 With Enalapril

According to Baseline Risk Using the
MAGGIC and EMPHASIS-HF Risk Scores

An Analysis of Mortality and Morbidity in PARADIGM-HF

5

4

Frequency
3
Probability of Primary Composite Endpoint

2

N

5 10
EMPHASIS Risk Score

Frequency Enalapril LCZ696

Simpson et al., JACC 66: 2059-71, 2015



What to do with Markers:
NT pro BNP and BNP

Cardlomyocyte preproBNP (134 aa)

Translation7

roBNP (108 aa)

H,N P
1
10 V3

10

physiologically  1pg

Adapted from Mair J, Clin Chem Lab Med 2001;39:571-88. active hormone




PARADIGM-HF: NT-proBNP and BNP

—i— LCZ696
—@— Enalapril
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NT-proBNP

I
[EEY
o
o
T

BNP pg/ml

£
>
Q
al
Z
m
2
&
l_
Z

Months

Packer et al, Circulation (2014): [doi:10.1161/CIRCULATIONAHA.114.013748]



NT pro BNP and BNP Anderungen
with LCZ696 (schematisch)

Pro BNP/
NT proBNP

BNP
Hemmung
des BNP
Abbaues
Reduzierte
Wandspannung

Pre- Post- Pre- Post-
LCZ696 LCZ696

Packer et al, Circulation (2014): [doi:10.1161/CIRCULATIONAHA.114.013748]



How to Switch from an ACE
Inhibitor?

Angloedema?



LCZ696 actively inhibits Neprilysin and the AT, receptor, thus
enabling alternative degradation pathways for bradykinin

Bradykinin is a substrate of Neprilysin and other vasopeptidases (ACE,
APP, DPP-4) — its elevation has been associated with cough and
angioedema?3

Omapatrilat inhibits three enzymes (ACE, APP, NEP) involved in the
breakdown of bradykinin, which is likely to be responsible for the
development of angioedema?

Bradyklnln breakdown

Omapatrilat |nh|b|ts Active Inactive
ACE, APP and NEP? bradykinin ® > bradykinin

DPP-4

LC2696 inhibits Active Inactive
only N q bradykinin bradykinin
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What do we need?

- PARAGON: LCZ in HFPEF
- Single application

- Resistent hypertension. Impaired renal function



ATMOSPHERE

Meth Od S Primary outcome: CV death or heart failure hospitalization
(event driven: target 2318 patients, 2369 occurred)

R

Enalapril 5-10mg bid* (N=2336)

Enalapril Aliskiren
5-10mg bid 300mg qd

Open-label run-in Double-blind
4-12 weeks median FU 36.6 months

Prior ACEi use dicontinued

*89% 10 mg
#target dose (titrated from 150mg qd)

In reducing the risk of the primary composite outcome of
cardiovascular death or heart failure hospitalization ...

Superiority » Aliskiren added to enalapril is superior to enalapril
hyptheses » Aliskiren monotherapy is superior to enalapril

Non-inferiority Aliskiren monotherapy is non-inferior to enalapril
hyptheses

McMurray JJV | Session 412-08
McMurray et al. NEJM 2016: http://www.nejm.org/doi/pdf/10.1056/NEJMo0a1514859 AS-ap48-0416
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ATMOSPHERE
Results — superiority hypothesis

Primary composite endpoint

‘| combination vs. enalapril
HR 0.93 (95% CI 0.85-1.03), P=0.17

7| Aliskiren vs. enalapril
HR 0.99 (95% CI 0.90-1.10), P=0.91

Aliskiren
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Days since Randomization

First heart failure-related hospitalization

Combination vs. enalapril
HR 0.93 (95% CI 0.82-1.06), P=0.29

Aliskiren vs. enalapril
HR 0.99 (95% CI 0.87-1.13), P=0.91

Aliskiren

e

I e

0 360 720 1080 1440 1800
Days since Randomization

Cumulative event rate (% of patients)

Cumulative event rate (% of patients)

60|
50
40+
30
20
10+

0

Death from CV causes

Combination vs. enalapril
HR 0.93 (95% CI 0.82-1.05), P=0.23

7| Aliskiren vs. enalapril

HR 1.06 (95% Cl, 0.94-1.19) P=0.34

Aliskiren
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McMurray JJV | Session 412-08

McMurray et al. NEJM 2016: http://www.nejm.org/doi/pdf/10.1056/NEJM0al514859

Days since Randomization

Death from any cause

Combination vs. enalapril
HR 0.91 (95% CI 0.82-1.02), P=0.12
Aliskiren vs. enalapril

HR 1.04 (95% CI 0.93-1.16), P=0.46

Aliskiren
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360 720 1080 1440 1800
Days since Randomization

AS-ap50-0416



w) 2016 ESC Guidelines for the diagnosis and

treatment of acute and chronic heart failure

Patient with symptomatic® HFrEF"

Therapy with ACE-I* and beta-blocker
(Up-titrate to maximum tolerated evidence-based doses)

Mo

5till symptomatic
e ——————————————————————————————-.

and LVEF =35%

Yes l

If LYEF <35% despite OMT
or a history of symptomatic VT/VF, implant ICD

Still sympoomatic
and LVEF <35%

g
1 ] ]

Able to tolerave Sinus rhythm, Sinus rhythm,”
ACEl {or ARB)" QRS duration =130 mses HR =70 bpm

!

Ivabradine

?
i
|-
E
i
3

European Heart Journal
doi:10.1093/eurheartj/ehw128



2016 ESC Guidelines for the diagnosis and

treatment of acute and chronic heart failure

Recommendations for cardiac resynchronization therapy implantation in patients with heart failure

Recommendations Class®

CRT is recommended for symptomatic patients with HF in sinus rhythm with a QRS duration =150 msec and LBBB QRS

morphology and with LVEF <35% despite OMT in order to improve symptoms and reduce morbidity and mortality. 261272

CRT should be considered for symptomatic patients with HF in sinus rhythm with a QRS duration =150 msec and non-LBBB

QRS morphology and with LVEF <35% despite OMT in order to improve symptoms and reduce morbidity and mortality. 261272

CRT is recommended for symptomatic patients with HF in sinus rhythm with a QRS duration of 130-149 msec and LBBB QRS

morphology and with LVEF <35% despite OMT in order to improve symptoms and reduce morbidity and mortality. 266,273

CRT may be considered for symptomatic patients with HF in sinus rhythm with a QRS duration of 130-149 msec and non-LBBB

QRS morphology and with LVEF <35% despite OMT in order to improve symptoms and reduce morbidity and mortality. 266,273

CRT rather than RV pacing is recommended for patients with HFrEF regardless of NYHA class who have an indication for ventricular 174977 |
pacing and high degree AV block in order to reduce morbidity. This includes patients with AF (see Section |0.1).

CRT should be considered for patients with LVEF <35% in NYHA Class lll-IV¢ despite OMT in order to improve symptoms and

L o : . . . : 275,
reduce morbidity and mortality, if they are in AF and have a QRS duration =130 msec provided a strategy to ensure bi-ventricular 27828
capture is in place or the patient is expected to return to sinus rhythm.

Patients with HFrEF who have received a conventional pacemaker or an ICD and subsequently develop worsening HF despite OMT
and who have a high proportion of RV pacing may be considered for upgrade to CRT.This does not apply to patients with stable HF.

266,

CRT is contra-indicated in patients with a QRS duration < |30 msec. 283785

European Heart Journal
doi:10.1093/eurheartj/ehw128




An individual patient meta-analysis of five
randomized trials assessing the effects of cardiac
resynchronization therapy on morbidity and

mortality in patients with symptomatic heart
failure

Mortality endpoint

—— Smoothed estimate
- - - 95% bootstrap confidence bounds
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QRS duration

Mortality/HFH endpoint

—— Smoothed estimate
95% bootstrap confidence bounds

Hazard ratio for CRT

100 110 120 130 140 150 160 170 180 190 200 210 220 230 240 250
QRS duration

Cleland et al, Eur Heart J 34 (2013): 3547-3556

AS-al3-0616



An individual patient meta-analysis of five
randomized trials assessing the effects of cardiac
resynchronization therapy on morbidity and

mortality in patients with symptomatic heart
failure

>

All-cause mortality

® © =
o o 9

[*2]
o

— CRT-P/CRT-D :
- OMT/ICD/back-up pacing Hazard Ratio 0.66 (95% CI 0.57-0.77)

Event-free rate (%)
-\l
o

B O
o o

0 6 12 18 24 30 36 42 48 54
Subjects at Risk Number of months post-implant

CRT: 2023 1678 1331 1155 980 737 586 418 286 205
Control: 1849 1440 1163 1033 899 686 532 369 247 186

@

All-cause mortality/HF hospitalization

-
o 9©

Hazard Ratio 0.65 (95% C| 0.58-0.74)

D N oo O
o

Event-free rate (%)

— CRT-P/CRT-D
—— OMT/ICD/back-up pacing

B O
(= -]

0 12 18 24 30 36 42 48 54
Subjects at Risk Number of months post-implant

CRT: 2023 1592 1234 1044 771 543 401 306 230 169
Control: 1849 1320 1027 868 657 469 332 240 180 137

Cleland et al, Eur Heart J 34 (2013): 3547-3556

AS-al2-0616



w) 2016 ESC Guidelines for the diagnosis and

treatment of acute and chronic heart failure

Patient with symptomatic® HFrEF"

Therapy with ACE-I* and beta-blocker
(Up-titrate to maximum tolerated evidence-based doses)

Mo
e ——————————————————————————————-.

5till symptomatic
and LVEF =35%

Yes l

If LYEF <35% despite OMT
or a history of symptomatic VT/VF, implant ICD

Still sympoomatic
and LVEF <35%

g
1 ] ]

Able to tolerave Sinus rhythm, Sinus rhythm,”
ACEl {or ARB)" QRS duration =130 mses HR =70 bpm

CRI

Diuretics to relieve symptoms and signs of congestion

European Heart Journal
doi:10.1093/eurheartj/ehw128




SHicT Baseline heart rate is a predictor of

50

40

30

20

10

(0

0

endpoints on placebo

Patients with primary composite endpoint (%)
287 bpm

P<0.001

80 to <87 bpm
75t0 <80 bpm

— 72 to <75 bpm

70to <72 bpm

—

—

=

6 12 18 24 30 Months

Primary composite endpoint: risk increases increase, and Increase

B6hm et al, Lancet 2010; 376: 886-894.



Primary composite endpoint

lvabradine n=793 (14.5%PY) Placebo n=937 (17.7%PY)
HR =0.82 p<0.0001

Cumulative frequency (%)

40 =

30 =

20 =

10 =

lvabradine
Placebo

NYHA [I-IV, SR > 70 bpm

NNT=26 (annualized)

T
12 18

Months
Swedberg et al, Lancet 376 (2010): 875-885

- 18%



SHT Effect of ivabradine on outcomes

Endpoints

All-cause death

Death from HF

Hospitalization for any cause

Hospitalization for CV reason

Swedberg et al. Lancet 2010; 376: 875-885.

Hazard ratio

0.90

0.74

0.89

0.85

95% Cl

[0.80:1.02]
[0.58:0.94]

[0.82:0.96]

[0.78:0.92]

p value

p=0.092

p=0.014

p=0.003

p=0.0002



Achiewed Heart Rate at Day 28

Primary composite endpoint according to heart rate achieved at
D28* in the ivabradine group

Patients with 50 ]
primary
Relevance
endpoint (%)
40
275 bpm
70-<75 bpm
30 60-<65 bpm
65-<70 bpm
20 <60 bpm
10 «
0 = Y Y : . ' Months
0 Day 28 6 12 18 24 30

SHIT

BOohm et al, Lancet 2010; 376: 886-894.



Comorbidities in Chronic Heart Failure

Detect Co-morbidities and
Precipitating Factors

Non-cardiovascular

Anaemia
Pulmonary disease "

Renal dysfunction DI a,b et eS
Thyroid dysfunction
Diabetes

Cardiovascular

Ischemia/ CAD
Hypertension

Valvular dysfunction
Diastolic dysfunction
Atrial fibrillation
Ventricular dysrhythmias
Bradycardia

Dickstein et al, Eur Heart J 29 (2008): 2388-2442



Fast die gesamte filtrierte Glukose wird
beim Gesunden reabsorbiert

Glukose (mg/min)

Normale
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/
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Plasmaglukose (mg/dL)

Silverman M, Turner RJ. In: Windhager EE, ed. Handbook of Physiology, Vol. Il. New York, NY: Oxford University Press; 1992:2017-2038.



Fast die gesamte filtrierte Glukose wird

beim Gesunden reabsorbiert

Bei normaler
Plasmaglukose
(70-110 mg/dL),
wird Glukose fast
komplett reab-
sorbiert

Bei hoher Plasma-
glukose, wie bei
Diabetes, wird
Glukose weiter
tubuléar reabsor-
biert

Tubulare Reab-
sorption unterhalt
Hyperglykamie

Wenn TmG lber-
schritten wird
(~180-200 mg/dL),
kommt es zur
Glukosurie

Normale Erhdhte Plasmaglukose
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Silverman M, Turner RJ. In: Windhager EE, ed. Handbook of Physiology, Vol. Il. New York, NY: Oxford University Press; 1992:2017-2038.




Glukose- Reabsorption findet im
proximalen Tubulus statt

Glomerulus filtriert
Glukose

Proximaler Tubulus reabsorbiert

» S1 Segment des proximalen
Tubulus
» ~90% Glukose reabsorbiert
» Transport durch SGLT2

» Distales S3 Segment des
proximalen Tubulus
» ~10% Glukose reabsorbiert
» Transport durch SGLT1

Keine Glukose
SGLT: sodium glucose transporter im Filtrat

Silverman M, Turner RJ. In: Windhager EE, ed. Handbook of Physiology, Vol. Il. New York, NY: Oxford University Press; 1992:2017-2038.
Bakris GL, et al. Kidney Int. 2009;75:1272-1277.



EMPA-REG OUTCOME®: Trial design

- Study medication was given in addition to standard of care

- The trial was to continue until at least 691 patients experienced an
adjudicated primary outcome event

« 97.0% of patients completed the study and final vital status was available for
99.2% of patients

Zinman B et al. N Engl J Med 2015 DOI: 10.1056/NEJMoa1504720.



Empagliflozin, Cardiovascular Outcomes,
and Mortality in Type 2 Diabetes

Bernard Zinman, M.D., Christoph Wanner, M.D., John M. Lachin, Sc.D.,
David Fitchett, M.D., Erich Bluhmki, Ph.D., Stefan Hantel, Ph.D.,
Michaela Mattheus, Dipl. Biomath., Theresa Devins, Dr.P.H.,

Odd Erik Johansen, M.D., Ph.D., Hans J. Woerle, M.D., Uli C. BroedI|, M.D.,
and Silvio E. Inzucchi, M.D., for the EMPA-REG OUTCOME Investigators

—4— Placebo —e— Empagliflozin 10 mg —e— Empagliflozin 25 mg
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40 52 66 80 94 108 122 136 150 164
Week

No. at Risk

Placebo 2294 2272 2188 2133 2113 2063 2008 1967 1741 1456 1241 1109 962
Empagliflozin 10 mg 2296 2272 2218 2150 2155 2108 2072 2058 1805 1520 1297 1164 1006
Empagliflozin 25 mg 2296 2280 2212 2152 2150 2115 2080 2044 1842 1540 1327 1190 1043

Zinman et al., New Engl J Med (2015): [doi:10.1056/NEJMo0al1504720]



A Primary Outcome
20

Patients with Event (%)

Empagliflozin, Cardiovascular Outcomes,
and Mortality in Type 2 Diabetes

Bernard Zinman, M.D., Christoph Wanner, M.D., John M. Lachin, Sc.D.,

David Fitchett, M.D., Erich Bluhmki, Ph.D., Stefan Hantel, Ph.D.,
Michaela Mattheus, Dipl. Biomath., Theresa Devins, Dr.P.H.,

Odd Erik Johansen, M.D., Ph.D., Hans J. Woerle, M.D., Uli C. BroedI|, M.D.,
and Silvio E. Inzucchi, M.D., for the EMPA-REG OUTCOME Investigators

Placebo

Hazard ratio, 0.86 (95.02% Cl, 0.74-0.99)

P=0.04 for superiority

Empagliflozin

No. at Risk
Empagliflozin
Placebo

4687
2333

C Death from Any Cause
154

Patients with Event (%)

T
24

Month

4580
2256

4328
2112

3851
1875

T
30

2821
1380

Placebo

Hazard ratio, 0.68 (95% Cl, 0.57-0.82)

P<0.001

Empagliflozin

No. at Risk
Empagliflozin
Placebo

4687
2333

T
24

Month

4651
2303

4556
2243

4128
2012

Zinman et al., New Engl J Med (2015): [doi:10.1056/NEJMo0al1504720]

T
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3079
1503

1722 414
825 177

B Death from Cardiovascular Causes

No. at Risk
Empagliflozin
Placebo

Patients with Event (%)

Hazard ratio, 0.62 (95% Cl, 0.49-0.77)

P<0.001

Placebo

Empagliflozin

4687
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4556
2243
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D Hospitalization for Heart Failure

No. at Risk
Empagliflozin
Placebo

Patients with Event (%)

Hazard ratio, 0.65 (95% Cl, 0.50-0.85)

P=0.002
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Hospitalization for heart failure
In patients with vs without heart failure at baseline

HR 0.59 HR 0.75
14 - (95% C10.43, 0.82) (957% C10.48, 1.19)

12,3

12

. 10,4 H Placebo

Patients H Empagliflozin

hospitalized 8
for

heart failure °

5 i 1,8

Patients without Patients with
heart failure heart failure
at baseline at baseline

Cox regression analysis.

HR, hazard ratio; Cl, confidence interval. Zinman et al, N Engl J Med (Suppl.) [doi: 10.1056/NEJM0a1504720]




w) 2016 ESC Guidelines for the diagnosis and
treatment of acute and chronic heart failure

Diabetes

Metformin should be considered as
a first-line treatment of glycaemic
18 HE orsy 440 44
control in patients with diabetes
and HF, unless contra-indicated.

European Heart Journal

doi:10.1093/eurheartj/ehw128




2016 ESC Guidelines for the diagnosis and
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Diabetes

Thiazolidinediones (glitazones) are
not recommended in patients with 209,210

HF, as they increase the risk of HF
. N TR European Heart Journal
worsening and HF hospitalization. 40i:101093/eurhearti/ehw128




Rosiglitazone evaluated for cardiovascular outcomes in oral
agent combination therapy for type 2 diabetes (RECORD):
a multicentre, randomised, open-label trial

Philip DHome, Stuart ] Pocock, Henning Beck-Nielsen, Paula S Curtis, Ramon Gomis, Markolf Hanefeld, Nigel P Jones, Michel Komajda,
John JV McMurray, for the RECORD Study Team™

CV death, myocardial infarction, and stroke Heart failure

HR 0-93 (95% Cl 0-74-1-15) HR 210 (95% Cl 1.35-3-27)
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Number at risk Time (years) Time (years)

Rosiglitazone 2220 2052 1982 1912 2069 2008 1944
Active control 2227 2057 1978 1901 2078 2014 1949

Home et al, Lancet 373 (2009): 2125-2135 AS-bn-0709
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Patient with symptomatic* HFrEF"

.

{Up-titrate to maximum eolerated evidence-based doses)

Mo
‘

5till symptomatic
and LVEF =35%

Yes l

Add MR antagonist™
(iap-titrate to maximum tolerated evidence-based dose)

Yos
MNe

5till sympromatic »

and LVEF =35%

Yes
| l l

Able to tolerate Sinus rhythm, Sinus rhythm,”
ACEI {or ARB)" QRS duration =130 msec HR =70 bpm

l

Ivabradine

These above treacments may be combined if indicated

|

Resistant symptoms

- [

Consider digoxin or H-150DM Mo further action required
or LVAD, or heart tnn.-;pllntn.ti-:-n Consider rn-:lu:ing diuretic dose

European Heart Journal
doi:10.1093/eurheartj/ehw128




L eitlinien Sind lesenswert!

... sollten nur auch gelesen werden!
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