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Vicious pathophysiological cycle of AF and HF
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• Arrhythmias, particularly ventricular arrhythmias, contribute to the majority of SCDs (~50%) in patients with HF1,2• Arrhythmias, particularly ventricular arrhythmias, contribute to the majority of SCDs (~50%) in patients with HF1,2

Sudden cardiac deaths: Driven largely by arrhythmias

• Ischemia
• Scar/fibrosis
• Hypertrophy
• LV dilation/remodelling
• Hemodynamic 

changes
• Sympathetic activation
• Electrolyte imbalances

Sudden 
cardiac 
death

Arrhythmias 
/conduction 

pathway 
changes

Complex pathophysiology of SCD

1. Harris and Lysitsas, BJA education, 2016, 16:221-229; 2. Weeks et al., Heart Fail Rev (2016) 21:415–431
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HFrEF and HFpEF patients are at high risk of sudden death

1. MERIT-HF Study Group. Lancet. 1999;353(9169):2001–7; 2. Desai et al. Eur Heart J. 2015;36:1990–7

A post-hoc analysis from MERIT-HF (n=3,991)1

Mean follow up, 1 year
An analysis from PARADIGM-HF (n=8,399)2

Median follow up, 2.3 years

NYHA class II: 
Mode of CV death

N=791
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1. Butler J et al. Eur J Heart Fail 2016;18,:350–52

Heart failure is in progress in patients with stable symptoms, 
Sudden cardiac death can occur without worsening symptoms.

 Annual mortality 6-20%
 Post-discharge 25-30% mortality 

risk within 1 year
 Over a million hospitalizations 

each year in US and Europe
 >40% of deaths in this cohort are 

due to sudden death
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엔트레스토는 Enalapril 대비 심부전 환자의 사망 및 입원
위험을 유의하게 감소시켰습니다 (PARADIGM-HF study)
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The benefit of sacubitril/valsartan on sudden death 
was independent of ICD use. 1
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2016 ESC / 2017 AHA/ACC/HRS guidelines for the diagnosis and 
treatment of acute and chronic heart failure

Recommendations for the management of ventricular tachyarrhythmias in heart failure1

Recommendations Class Level

Treatment with beta-blocker, MRA and sacubitril/vals
artan reduces the risk of sudden death and is recom
mended for patients with HFrEF and ventricular arrh
ythmias

I A

y p
Sacubitril/valsartan demonstrated a reduction in sudden death and 

cardiac mortality compared with ACEi2

2016 ESC guideline 

Recommendations for pharmacological prevention of SCD1

Recommendations Class Level

In patients with HFrEF (LVEF ≤40%), treatment with a 
beta blocker, MRA and either an ACEI, ARB, or an an
giotensin receptor neprilysin inhibitor is recommend
ed to reduce SCD and all-cause mortality

I A

y
Sacubitril/valsartan demonstrated a reduction in sudden death and 

cardiac mortality compared with ACEi2

1. Ponikowoski et al. Eur Heart J. 2016;37:2129–2200; 2. Desai et al. Eur Heart J. 2015;36:1990-7
2. Al-Khatib et al. Circulation. 2017;000:e000–e000. DOI: 10.1161/CIR.0000000000000549; 2. Desai et al. Eur Heart J 2015;36:1990-7

2017 AHA/ACC/HRS guideline 



Rohde LE, et al. JACC Heart Fail. 2020;8:844‐855. 
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 To investigate the effect of sacubitril/valsartan therapy on sudden cardiac death (SCD) 
according to the use of and eligibility for an ICD, stratified by heart failure cause.

 Clinical endpoints of interest were sudden deaths and all‐cause mortality.

 Patients enrolled in the PARADIGM‐HF trial (n = 8,399) were evaluated to assess 
patterns of ICD implantation and eligibility according to clinical guidelines.*

 PARADIGM‐HF trial was a randomized, double‐blind, prospective comparison between 
ARNI sacubitril/valsartan and enalapril therapy in subjects with chronic HF, NYHA 
functional class II to IV functional status, and LVEF ≤35% evaluated within the previous 
6 months who were treated with guideline‐recommended medical therapies. 

 The impact of ICD and sacubitril/valsartan therapy on SCD was evaluated by using 
cause‐specific Cox models and competing risk analysis.

Background
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ICD, implantable cardioverter‐defibrillator; SCD, sudden cardiac death; NYHA, New York Heart Association; LVEF, left ventricular ejection 
fraction; NT‐proBNP, N‐terminal pro‐B‐type natriuretic peptide; MRA, mineralocorticoid receptor antagonist.

<Propensity Score‐Adjusted Associations Between ICD Use and SCD Risk>

Age <65
Age ≥65

NYHA I‐II
NYHA III‐IV

Non‐ischemic
Ischemic

NT‐proBNP ≤1,612
NT‐proBNP >1,612

LVEF ≥30%
LVEF <30%

No beta‐blocker
Beta‐blocker

No MRA
MRA

All patients

n=3,660
n=3,352

n=5,286
n=1,726

n=2,817
n=4,195

n=3,436
n=3,576

n=3,831
n=3,181

n=480
n=6,532

n=2,944
n=4,068

n=7,012

0.75

0.96

0.87

0.69

0.58

0.74

0.54

Clinical Characteristic P value for interaction

0.1 0.5 1.0 1.5 3.0

ICD Better No ICD Better

Results: SCD rates and ICD use and eligibility
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<Sacubitril/Valsartan Effect on SCD in ICD users>
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SV, sacubitril/valsartan; ICD, implantable cardioverter‐defibrillator; 
SCD, sudden cardiac death.

Results: ARNI effect and ICD use and eligibility (s/p ICD pts)
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<Sacubitril/Valsartan Effect on SCD in ICD‐Eligible Patients Without an ICD>
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SV, sacubitril/valsartan; ICD, implantable cardioverter‐defibrillator; 
SCD, sudden cardiac death.

Results: ARNI effect and ICD use and eligibility (without ICD pts)
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ICD, implantable cardioverter‐defibrillator; SCD, sudden cardiac death; HF, heart failure.

Sacubitril/valsartan reduced SCD risk regardless of use of 
an ICD or eligibility, particularly in ICD users and nonischemic
cardiomyopathy. 

These findings strengthen the intriguing hypothesis that 
ICDs and sacubitril/valsartan may be preventing different 
forms of SCD, related in part to the cause of HF. 

Conclusion of this sub-study
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The Sudden death risk has been decreased as drug therapy 
developed 1
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Study design and patient population

Patient population:
120 HFrEF patients with ICD or ICD-CRT referred to cardiology HF/arrhythmia 
outpatient clinic:
 HF symptoms with NYHA class ≥II despite optimal medical therapy, including 

initiation and titration of ACEi (ramipril) or ARB (valsartan), β-blockers, and 
MRA if tolerated

 LVEF ≤40%
 Under home monitoring of an ICD
 Patients serve as their own control by design

9 months

Angiotensin inhibition
(ramipril or valsartan) 36 h ACEi

washout9 months

Switch 
treatment to 

ARNI

β-blockers and MRA

Sacubitril/valsartan
Analysis:
• Appropriate shocks
• NSVT
• PVC burden
• Biventricular Pacing %

Pre-ARNI Post-ARNI
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A decrease in PVC burden after sacubitril/valsartan was associated 
with an increase in biventricular pacing %
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The increments seen in biventricular pacing with sacubitril/valsartan (3.8%) could have 
significant impact on symptomatic improvement and on mortality
The increments seen in biventricular pacing with sacubitril/valsartan (3.8%) could have 
significant impact on symptomatic improvement and on mortality
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Sacubitril/valsartan significantly increased time of survival free 
from appropriate ICD shocks, compared with ACEi/ARB1

 The most common mechanism of sudden death in patients with an ICD was VT/VF treated with an appropriate shock followed by 
EMD2

 ICD patients suffer from poorer psychological well-being following shocks, which impacts QoL3-5

 The most common mechanism of sudden death in patients with an ICD was VT/VF treated with an appropriate shock followed by 
EMD2

 ICD patients suffer from poorer psychological well-being following shocks, which impacts QoL3-5
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Sacubitril/valsartan significantly increased time of survival free 
from VT and NSVT, compared with ACEi/ARB
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After implanting an ICD, drug optimization also
decrease ICD shocks and mortality
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엔트레스토 제품정보 및 급여 기준 1,2
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Summary.
How did Entresto reduce the risk of sudden death?
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Case1. F/62, Dyspnea aggravation (despite medical Tx)
- DCMP (EF 34%, LVEDD 59), NSVT, s/p ’13 ICD implant

BUN/Cr 28/1.3 ( 0.9)
NT-proBNP 2400  >35000

94/57 mmHg,  HR 67 bpm

Valsartan 40mg qd
Carvedilol 3.125mg qd
Aldactone 12.5mg qd
Lasix 20mg qd
Amiodarone 100mg qd
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Case1. F/62, Dyspnea aggravation (despite medical Tx)
- DCMP (EF 34%, LVEDD 59), NSVT, s/p ’13 ICD implant

EF 34%  16%
LVEDD 59  64 mm

: Valsartan 40mg qd  Entresto 25mg bid
Aldactone 12.5mg qd
Lasix 20mg qd
Amiodarone 100mg qd
Carvedilol 3.125mg qd (HF stabilization 이후 add)

(Empagliflozin 10mg qd - patient refuse)
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Case1. F/62, Dyspnea aggravation (despite medical Tx)
- DCMP (EF 34%, LVEDD 59), NSVT, s/p ’13 ICD implant

EF 16%  41%
LVEDD 64  55 mm
Cr 1.3  1.0

After 12 months
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Case1. F/62, Dyspnea aggravation (despite medical Tx)
- DCMP (EF 34%, LVEDD 59), NSVT, s/p ’13 ICD implant

After 24 months



28

*

* Ref. 대한심부전학회 2022 심부전 진료지침 중 for patients with chronic HFrEF

Case2. M/33, Dyspnea, DOE (despite medical Tx)
- DCMP (EF 20%, LVEDD 68), SR with QRS 182ms

104/77 mmHg,  HR 87 bpm

Entresto 100mg bid  200mg bid
Aldactone 12.5mg qd
Lasix 20mg qd
Bisoprolol 1.25mg qd (HF stabilization 이후 add)
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Case2. M/33, Dyspnea, DOE (despite medical Tx)
- DCMP (EF 20%, LVEDD 68), SR with QRS 182ms

 CRT-D implant



30

*

* Ref. 대한심부전학회 2022 심부전 진료지침 중 for patients with chronic HFrEF

Case2. M/33, Dyspnea, DOE (despite medical Tx)
- DCMP (EF 20%, LVEDD 68), SR with QRS 182ms

After CRT-D implant (12 months)
 QRS 148ms
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Case2. M/33, Dyspnea, DOE (despite medical Tx)
- DCMP (EF 20%, LVEDD 68), SR with QRS 182ms

After CRT-D implant (24 months)
 QRS 112ms

EF 20%  47%
LVEDD 68  56mm
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Case2. M/33, Dyspnea, DOE (despite medical Tx)
- DCMP (EF 20%, LVEDD 68), SR with QRS 182ms

After 24 months
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Thank you
for your attention!


