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How can a heart die? 

Pulseless

No contraction or no effective
contraction



How can a heart die? pulseless

Asystole

#1

No electrical Activity

No contraction



How can a heart die? pulseless

Ventricular
fibrillation

#2

“bag of worms”

No effective
contraction



How can a heart die? pulseless

Electro-
mechanical
dissociation

#3

Electrical activity and contractility are not
coupled (very advanced or severe heart disease)

There is electrical activity

No contraction



How can a heart die? SOLUTIONS

Ventricular
fibrillation

Asystole
Electromechanical
dissociation

No contractionNo electrical activity

PACEMAKER
Detection of electrical activity
Electrical stimulation
(low energy)

ICD
Detection of electrical activity
Delivers a electrical shock 
(high energy)

TOO LATE
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SURVIVOR FROM CARDIAC ARREST DUE TO FAST VENTRICULAR ARRYTHMIA 
(VF, FAST VT)

LVEF ≤ 35% AFTER ≥3 MONTHS  OF OPTIMAL MEDICAL THERAPY
- 1) ACEI OR ARB OR ARNI
- 2) BETABLOCKERS
- 3) MINERALOID CORTICOIDE ANTAGONIST

SECONDARY PREVENTION 

PRIMARY PREVENTION 

WHEN  IS AN ICD IMPLANTABLE CARDIAC 
DEFIBRILLATOR IMPLANTED?



AMD ICD AMD ICD

-29%

SUDDEN CARDIAC REDUCTION BY ICD

-61%

No
benefit

-50%

-40%

0

-20%

-60%

Piccini,2009

MADIT I-I, SCD-HeFT, DINAMIT
COMPANION, DEFINITE, DANISH

Claro,2015

Connolly,2000

PRIMARY PREVENTION SECONDARY PREVENTION

As 
Compared to

Placebo
/no intervention

Placebo+ACEI
BBK±MRA

Placebo+ACEI
BBK

Placebo
/no intervention

ICD IS THE MOST EFFECTIVE METHOD TO REDUCE SUDDEN 
CARDIAC DEATH



SUSTAINED VENTRICULAR TACHYCARDIA

CAUSES OF SUDDEN CARDIAC
DEATH (≤ 24 h)

ICD PREVENTS 

VENTRICULAR FIBRILLATION

ICD DOES NOT PREVENT…

INCESSANT VENTRICULAR TACHYCARDIA

CARDIOGENIC SHOCK

ELECTROMECHANICAL DISSOCIATION

ASYSTOLE
PULMONARY THROMBOEMBOLISM

FATAL STROKE

ICD DOES NOT PREVENT 100% OF SUDDEN CARDIAC DEATH 
WHEN IS IMPLANTED
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ACEI/ARB BB MRA ARNI

-20%

ADDITIONAL REDUCTION OF SCD

-42%

-19% -20%

As compared
to

Placebo Placebo+ACEI Placebo+ACEI
+BBK

ACEI
+BBK+MRA (both arms)

-20%

0

-40%

Domanski,1999

CIBIS II,1999

Le,2016 Desai,2015

Meta-analysis
in post-MI

Clinical
Evidence RCT RCTMeta-analysis

OPTIMIZATION OF MEDICAL THERAPY REDUCES SUDDEN 
CARDIAC DEATH IN HEART FAILURE

BETABLOCKERS AND ARNI HAVE STRONGEST EVIDENCE WITH 
RANDOMIZED CONTROLLED TRIALS 
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n=561 (muerte súbita)

McMurray et al. Eur J Heart Fail. 2013;15:1062–73;                                                                                                 Desai AS, et al. Eur Heart J. 2015;36(30):1990-7.

n=8436

La estabilidad de los síntomas no es sinónimo de estabilidad en la progresión y en el 
pronóstico de la enfermedad

Muerte súbita

Sacubitrilo-
valsartan

Sacubitrilo-
valsartan

Mortalidad por insuficiencia cardiaca

A B

C D



Sacubitril-valsartan, 
ventricular 
Arrhythmias and 
cardiac remodeling
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Effect of the angiotensin-receptor-neprilysin inhibitor LCZ696 compared with enalapril on mode of death in heart failure 
patients. Desai et al European Heart Journal, Vol 36, Issue 30, 7 August 2015, Pages 1990–1997

20% REDUCTION  OF 
SUDDEN CARDIAC DEATH
(WITHIN 24 HOURS)

PARADIGM-HF STUDY 

¿ventricular arrhythmias, asystole or

Cardiogenic shock or others?



SACUBITRIL-VALSARTAN 
REDUCES
VENTRICULAR ARRHYTHMIAS



Effects of angiotensin-neprilysin inhibition as compared to angiotensin inhibition on ventricular arrhythmias in reduced ejection 
fraction patients under continuous remote monitoring of implantable defibrillator devices; 
C. De Diego and L. González-Torres  et al

Heart Rhythm online 14 November 2017

CRITERIA 
N=120 patients

LVEF≤40% NYHA ≥ II ICD +/-ctr
REMOTE 
MONITOR+ + +



STOP ACEi or ARB

START ARNI

9 months 9 months

Effects of angiotensin-neprilysin inhibition as compared to angiotensin inhibition on ventricular arrhythmias in reduced ejection 
fraction patients under continuous remote monitoring of implantable defibrillator devices; 
C. De Diego and L. González-Torres  et al

Heart Rhythm online 14 November 2017

BETABLOCKERS
MINERALOCORTICOID RECEPTOR ANTAGONIST



Effects of angiotensin-
neprilysin inhibition as 
compared to angiotensin 
inhibition on ventricular 
arrhythmias in reduced 
ejection fraction patients 
under continuous remote 
monitoring of implantable 
defibrillator devices
C. De Diego and L. 

González-Torres  et al

Heart Rhythm

online 14 November 2017

INCREASE OF 
LEFT VENTRICULAR
EJECTION FRACTION



Effects of angiotensin-
neprilysin inhibition as 
compared to angiotensin 
inhibition on ventricular 
arrhythmias in reduced 
ejection fraction patients 
under continuous remote 
monitoring of implantable 
defibrillator devices
C. De Diego and L. 

González-Torres  et al

Heart Rhythm

online 14 November 2017

IMPROVEMENT OF
NYHA FUNCIONAL
CLASS



Effects of angiotensin-
neprilysin inhibition as 
compared to angiotensin 
inhibition on ventricular 
arrhythmias in reduced 
ejection fraction patients 
under continuous remote 
monitoring of implantable 
defibrillator devices
C. De Diego and L. 

González-Torres  et al

Heart Rhythm

online 14 November 2017

DECREASE OF 
PROBNP 

MILD INCREASE OF
POTASSIUM



SACUBITRIL-VALSARTAN 
REDUCES
ICD shocks due to 
Ventricular arrhytmias







B
n=65

n=55

TIMELINE COURSE
OF PROBNP 
WITH/WITHOUT VENTRICULAR 
ARRHYTHMIAS

ARNI DECREASES PROBNP
IN ALL PATIENTS (WITH OR WITHOUT
VENTRICULAR ARRHYTMIAS)

THE MORE PROBNP, 
THE MORE VENTRICULAR ARRYTHMIAS



A

C

TIMELINE COURSE
OF LVEF AND LVDD

ARNI DECREASES LVDD 

ARNI INCREASES OF LVEF 



Effects of angiotensin-neprilysin inhibition as compared to angiotensin inhibition on ventricular arrhythmias in reduced ejection 
fraction patients under continuous remote monitoring of implantable defibrillator devices; 
C. De Diego and L. González-Torres  et al

Heart Rhythm online 14 November 2017

CONCLUSIONS

Angiotensin-neprilysin inhibition decreased ventricular 
arrhythmias and appropriate ICD shocks in rEFHF patients under 
home monitoring compared to angiotensin inhibition



BENEFICIAL EFFECTS OF ARNI AS COMPARED TO ACEI

IMPROVEMENT OF NYHA FUNCIONAL 
CLASS

McMurray,2014

IMPROVEMENT LVEF (about 5%)

De Diego,2017
González,2018

TO RECOMMEND AN ICD, GUIDELINES AND CARDIOLOGISTs USE 
NYHA AND LVEF



González-Torres L, De Diego, C, Clinical Cardiology,2018

ACEI vs  sacubitril-valsartan (n=250, F-U 9 MONTHS)



González-Torres L, De Diego, C, Clinical Cardiology,2018

LVEF

-LVDD
-LV DVol
-LV DVol
index



FIBROSISCARDIAC REMODELLING

ANATOMICAL FACTORSELECTROPHYSIOLOGICAL FACTORS

DISPERSION REPOLARIZATION

ISCHEMIA-MEDIATED
ARRHYTHMIAS 

SUSTAINED MALIGNANT
VENTRICULAR ARRYTHMIAS

SUDDEN CARDIAC DEATH

ARRHYTHMOGENIC
SUBSTRATE
LEVEL

MECHANISTIC
LEVEL

CLINICAL
LEVEL

NEUROHORMONALMYOCARDIAL 
STRETCH

SACUBITRIL-VALSARTAN

AT1R NEP

NATRIURETIC PEPTIDES

SYMPATHETIC TONE

ENKEPHALINS, 
ENDORPHINS
BRADYKININS

Desai,2015

De Diego, 2017
Martens, 2018

Zabel, 1996
Trayanova, 2010

Factor, 1988

Hubers, 2016

Iborra-Egea,2017von Lueder,2015

Uskina,1998/Driamov ,2007

Kassotis, 2003
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IN SYMPTOMATIC AMBULATORY HF PATIENTS 
DESPITE ACEI , BBK AND MRA (ESC 2016)

Eur Heart J. 2016 Jul 14;37(27):2129-2200



FIRST LINE TO REDUCE SUDDEN CARDIAC DEATH IN PATIENTS WITH VENTRICULAR
ARRHYTMIAS  (ESC 2016)

Eur Heart J. 2016 Jul 14;37(27):2129-2200



FIRST LINE HOSPITALISED OR DECOMPENSATED CHF (ESC CONSENSUS 2019)

Clinical practice update on heart failure 2019: pharmacotherapy, procedures, devices and patient management. An 
expert consensus meeting report of The Heart Failure Association of the ESC
Eur J Heart Fail. 2019 May 26

https://www.ncbi.nlm.nih.gov/pubmed/31129923


conclusions
Combined angiotensin and neprilysin inhibition
produces:

- Decrease of SCD and ventricular arrhythmias
- Reversal of cardiac remodeling and improvement of LVEF
- Optimization of heart failure therapy decreases sudden

cardiac death before and after implanting an ICD.



This is not MARS, This is TORREVIEJA

THANKS FOR YOUR ATTENTION


