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SUDDEN CARDIAC 
DEATH (SCD) 

EPIDEMIOLOGY



Causes of SCD in Western countries and Japan 

From Wong, Heart Lung Circul (2018).



General population: unselected population age greater than or equal to 35 y 
Modified from Myerburg RJ et al., Circulation 1998

VERY HIGH 
RISK 

SUBGROUPS





Risk prediction of sudden cardiac 
death in general population

✓ Approximately 50% of cardiac arrests occur in individuals without a 
known heart disease, but most suffer from concealed ischaemic heart 
disease.  

✓ As a consequence, the most effective approach to prevent SCD 
in the general population resides in quantification of the individual 
risk of developing ischaemic heart disease based on risk score charts, 
followed by the control of risk factors such as total serum cholesterol, 
glucose, blood pressure, smoking and body mass index. 

✓Approximately 40% of the observed reduction in SCD is the 
direct consequence of a reduction of CAD and other cardiac 
conditions. 



Risk prediction of sudden cardiac 
death in patients with Ischemic Heart Disease

✓ For more than two decades investigators throughout the world 
have envisioned a broad range of ‘indicators’ for SCD occurring in 
the setting of ischemic heart disease. 

✓  Several markers of risk of SCD have been proposed for patients 
with myocardial ischaemia: 
❖ late potentials (high negative predictive value) 
❖ heart rate variability 
❖ baroreflex sensitivity 
❖ QT interval dispersion  
❖ microvolt T-wave alternans (Fast Fourier Transform) 
❖ heart rate turbulence 
❖ programmed ventricular stimulation (PVS) 

Non-invasive





✓ Patients (n 322) with an ejection fraction (EF) < 0.50 in 
the initial week after MI were followed up for a median of 
47 months.  

✓ Serial assessment of baroreflex sensitivity,  heart rate 
turbulence (HRT), T-wave alternans (TWA, Holter and 
ergometric test), and EF was performed 

✓  The primary outcome was cardiac death or resuscitated 
cardiac arrest.  

✓ All cause mortality and fatal or nonfatal cardiac arrest 
were secondary outcomes. 



✓ Impaired HRT, abnormal TWA, and an EF < 0.50 beyond 8 
weeks after MI reliably identify patients at risk of serious 
events



Risk prediction of sudden cardiac 
death in patients with Ischemic Heart Disease

✓ However, despite the promising outcomes of the early studies, none of 
these ‘predictors’ has influenced clinical practice.  

✓ As a consequence, the only indicator that has consistently shown an 
association with increased risk of sudden death in the setting of ischemic 
heart disease remain LV ejection fraction (LVEF) 

✓ This variable has been used for more than a decade to target the use of an 
ICD for primary prevention of SCD, often in combination with NYHA class.  

✓ Despite the fact that LVEF is not an accurate and highly reproducible 
clinical parameter, it is still used to select patients for ICD implantation 
in the primary prevention of SCD



Risk prediction of sudden cardiac 
death in patients with Ischemic Heart Disease

✓Among emerging variables that look promising for predicting 
SCD are biochemical indicators such as the B-type 
natriuretic peptide and N-terminal pro-B-type natriuretic 
peptide, which have shown encouraging results in preliminary 
investigations



✓ Meta-analysis: 14 studies  

✓ The measurement of BNP has significant value in predicting SCD and 
VA.  

✓ However, the benefit of BNP testing in addition to other risk 
stratification tests is unclear and BNP needs to be evaluated 
prospectively in combination with other complementary risk 
stratification tools.



Summary estimates of likelihood ratios and relative risks in 14 
studies of brain natriuretic peptide to predict sudden cardiac 

death or ventricular arrhythmias

✓ A raised BNP predicted SCD with a relative risk of 3.68 
[95% confidence interval (CI) 1.90, 7.14]



B-type natriuretic peptide is a major predictor 
of ventricular tachyarrhythmias. 
Levine YC, Rosenberg MA, Mittleman M, Samuel 1, Methachittiphan N, Link M, 
Josephson ME, Buxton AE. 
Heart Rhythm. 2014 Jul;11(7):1109-16 
✓ Aim of the study: To determine whether N-terminal pro-B-type 

natriuretic peptide (NT-proBNP) or B-type natriuretic peptide (BNP) 
are independent predictors of ventricular arrhythmias in patients 
receiving primary prevention ICDs.  

✓ Methods:  161 patients with NT-proBNP levels and 403 patients with 
BNP levels at the time of ICD implantation were retrospectively 
assessed for the occurrence of first appropriate ICD therapy and 
mortality. 

✓  Elevated baseline NT-proBNP and BNP levels are 
independently associated with the risk for ventricular 
tachyarrhythmias (in multivariable Cox proportional hazards regression 
analysis, NT-proBNP or BNP levels in the upper 50th percentile were the 
strongest predictor of ICD therapy after adjustment for sex, age, LVEF, 
NYHA class, history of CAD, blood urea nitrogen, creatinine clearance, and 



✓ During the acute phase of MI, VF or polymorphic VT is triggered 
by the presence of ischemia  

✓ During the period after MI, SCD may be caused by different 
mechanisms:  
❖ post-infarction areas, including regional and intramural fibrotic 

zones and scars, remain electrically unexcitable and may form 
local conditions for re-entry leading to sustained monomorphic 
VT. 

❖ LVEF reduction and HF lead to enhanced sympathetic activity 
that predisposes to electrical instability and arrhythmogenesis. 

❖ LV dilation contributes to the appearance of electrical 
heterogeneity, anisotropy and temporal dispersion of 
repolarization,  conditions leading to arrhythmogenesis. 

Prerequisites and mechanisms for arrhythmogenesis 



✓Re-entry constitutes the major mechanism 
responsible for ventricular arrhythmias 
appearing in acute and chronic CAD and is 
significantly related to heterogeneity /
anisotropy 

Prerequisites and mechanisms for arrhythmogenesis 





Prognostic markers and their association with the 
pathophysiological substrate of SCD 

Risk stratification schemes are based on markers that, by identifying the arrhythmic substrate and the 
severity of the arrhythmia mechanisms present, are also considered to quantify the risk of SCD

(Late potentials)

(Late Enhancement)
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✓ The impaired left ventricular systolic function is the consequence of post-
infarction fibrosis.  

✓ The deterioration in systolic function is accompanied by other 
disturbances: 
✓  action potential prolongation 
✓ changes in intracellular calcium homeostasis 
✓ increase in the dispersion of repolarization 
✓ accumulation of connective tissue into the cellular gap junctions 
✓ neurohormonal activation.  

✓Therefore, the presence of a low LVEF reflects not 
only the anatomical dysfunction, but also the 
electrical instability predisposing to VT/VF.

Left Ventricle Ejection Fraction 



✓The annual arrhythmic mortality post-MI increases as LVEF 
decreases: 

  
✓in patients with LVEF >30% it was 3.2%;  
✓in patients with a diminished LVEF between 21-30% it rose to 

7.7%;  
✓In patients with  LVEF <20% the annual arrhythmic mortality 

climbed to 9.4% 

✓A metaanalysis of 20 studies showed that the critical zone of LVEF< 
30-40% was correlated with a 4.3 hazard ratio for major 
arrhythmic events, with a sensitivity of 59% and a specificity of 

Left Ventricle Ejection Fraction 



✓However the prognostic ability of LVEF has several limitations: 

✓  LVEF measurements show intra- and interobserver variability; 

✓ systolic function may present temporal variability depending on 
interventions such as coronary artery bypass, percutaneous coronary 
intervention, and pharmacological treatment, as well as the natural 
evolution of the disease;  

✓ LVEF is correlated more with total mortality than with SCD;  

✓ LVEF has low sensitivity, as two thirds of SCDs occur in patients with 
an LVEF>35%. 

Left Ventricle Ejection Fraction 



✓ Early after myocardial infarction 

✓ Post-ischemic dilated cardiomyopathy (reduced LV 
ejection fraction, heart failure) 

SCD/VA risk stratification in ischemic HFrEF  
Different settings 







DINAMIT 

ICD in acute MI
✓ The Defibrillator in Acute Myocardial Infarction Trial 
✓ Hypothesis: Would prophylactic ICDs implanted immediately 

following an MI reduce mortality? 
✓ Patient population: 674 
✓ Inclusion criteria 

✓ Myocardial infarction at least 6 but no more than 40 days prior to enrollment 
✓ LVEF < 35% 
✓ Impaired cardiac autonomic function (depress heart-rate variability or elevated 

average 24-hour heart rate on Holter) 

✓ Study design: randomized to 2 arms 
✓ ICD 
✓ No ICD



DINAMIT 

ICD in acute MI 

Overall mortality (death from any cause)



DINAMIT 

Death from arrhythmia 



DINAMIT 

Death from non arrhythmic causes 



DINAMIT 

Results

✓Prophylactic ICD therapy does not reduce overall 
mortality in high-risk patients who have recently 
had a myocardial infarction.  

✓Although ICD therapy was associated with a 
reduction in the rate of death due to arrhythmia, 
that was offset by an increase in the rate of death 
from nonarrhythmic causes







Early (<40 days) temporary use of a WCD may be considered in the presence 
of specific conditions such as pre-existing LVEF impairment, incomplete  
revascularization and arrhythmia occurring 48h after the onset of ACS





“ is an ongoing Australian- led multicentre randomised controlled trial targeting 
prevention of sudden cardiac death in patients who have at least moderately 
reduced cardiac function (EF ≤ 40%) following a myocardial infarct (MI).  The 
primary objective of the trial is to assess whether electrophysiological study 
to guide prophylactic implantation of an implantable cardioverter-
defibrillator (ICD) early following MI (first 40 days) will lead to a 
significant reduction in sudden cardiac death and non-fatal arrhythmia”



Recommendations for risk stratification and treatment of ventricular arrhythmias  
early after myocardial infarction

Reassessment of the 
LVEF before 6 weeks 
following MI may not 
discriminate between 
myocardial stunning 
and remodelling.



Risk stratification in patients with 
ischemic heart disease and reduced 

LV ejection fraction  
(Heart Failure patients)



High risk in HEART FAILURE patients
• Heart failure patients experience SCD at 

six to nine times the rate of the general 
population1 

• Sudden death is the predominant mode 
of death in mild to moderate (NYHA II-
III) heart failure2

1American Heart Association.  2002 heart and stroke statistical update. American Heart Association, 2001.
 

2MERIT-HF study group.  Effect of metoprolol CR/XL in chronic heart failure: metoprolol CR/XL randomized intervention trial in 
congestive heart failure (MERIT-HF).   LANCET.  1999;353:2001-07. 

Sudden Cardiac Death (SCD)



Reprinted with permission from Elsevier Science (The Lancet, 1999;353:2001-2007).  
MERIT-HF study group.  Effect of metoprolol CR/XL in chronic heart failure: metoprolol CR/XL randomized intervention trial in 
congestive heart failure (MERIT-HF).   LANCET.  1999;353:2005.  

NYHA II
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Other 
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NYHA IV
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NYHA III
26%
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Other 
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Deaths = 232 

SCD–a prominent mode of death
SCD in Heart Failure



PRIMARY PREVENTION of SCD 
in Heart Failure   

(prevention of SCD in individuals without a 
history of cardiac arrest or sustained VT) 

WHEN AN ICD IMPLANT IS 
INDICATED ?

RANDOMIZED TRIALS



randomized, prospective, controlled trials in 
patients with a history of previous myocardial 

infarction and depressed EF. 

(ischemic dilated cardiomyopathy)
✓ MADIT 

✓MUSTT 

✓MADIT II



MADIT

N Engl J Med 1996

✓ Multicenter Automatic Defibrillator Implantation Trial 
✓  multicenter, randomized, controlled trial 
✓  196 pts  
✓  Inclusion criteria:  

✓ Prior myocardial infarction (MI) 
✓ NSVT 
✓ LVEF ≤ 35% 
✓ Positive EP study (inducible SVT) 

✓ Study design:  randomized to 2 arms 
✓ ICD 
✓ “Conventional therapy” (drugs) 



MADIT: results

✓ ICD patients reduced their risk of all-cause mortality by 
a significant 54% compared to patients on conventional 
drug therapy

(P0.009).



MADIT Take-Aways

✓ There was a significant and provable 
mortality benefit to prophylactic ICD 
implantation in “high-risk” patients 
  
✓MADIT defined high risk as patients who 
had a prior MI, were inducible in the EP lab, 
and had systolic impairment (LV disfunction)



MUSTT

✓ Multicenter Unsustained Tachycardia Trial 
✓ Patient population: 704 
✓ Inclusion criteria:  

✓ Coronary artery disease (CAD) 
✓ LVEF ≤ 40% 
✓ Asymptomatic unsustained VT (in 6 months pre-enrollment) 
✓  sustained VT induced at EP study 

✓ Study design: randomized to 2 arms 
✓ EP-guided therapy resulting in drug and/or device therapy (in case of 

drug failure in preventing VT induction) 
✓ No antiarrhythmic therapy 

N Engl J Med 1999;



MUSTT: results

Kaplan–Meier Estimates of the Rates of Overall Mortality According to 
Whether the Patients Received Treatment with a Defibrillator.



MUSTT: results

Kaplan–Meier Estimates of the Rates of Cardiac Arrest or Death from 
Arrhythmia According to Whether the Patients Received Treatment 
with a Defibrillator.



MUSTT: results

✓ ICD patients had a significant 27% reduction in 
risk for arrhythmic death or death from cardiac 
arrest compared to patients not receiving any 
therapy 

✓  EPG drug therapy (AADs) had worse mortality 
and event rates than no therapy!!!! 



MADIT II

✓ Multicenter Automatic Defibrillator Trial II 
✓ Hypothesis : Would MI survivors with a low ejection fraction derive 

mortality benefits from a prophylactic ICD (even without an EP 
study)? 

✓ Patient population: 1,232 
✓  Inclusion criteria:  

✓ Prior myocardial infarction (MI) 
✓ LVEF < 30%; NYHA I-IV 

✓ Exclusion criteria 
✓ MI within 30 days of enrollment 
✓ Standard ICD indication 

Unlike the prior MADIT study, patients did not undergo an EP study 
to enroll 

N Engl J Med 2002



MADIT II
31%

MADIT II: results
ICDs significantly reduced the risk of death by 31% 

compared to drug therapy 



MADIT II: results



MADIT II: results



MADIT II: take-aways
✓ This study proved that ICDs confer mortality benefits 

over and above pharmacological therapy for patients with a 
prior MI and poor systolic function, even if there is no 
evidence of arrhythmia 

✓ MADIT II expanded ICD indications to include a vast 
primary-prevention population  

✓ Why did MADIT II mortality benefits take a while to 
show up, while in MADIT the benefits were evident almost 
immediately? Theories include: 
✓ MADIT II patients had a lower rate of mortality than MADIT 
✓ MADIT used stronger risk stratification 
✓ MADIT II patients were on better cardiac drugs 



randomized, prospective, controlled trials in 
heart failure patients with LV dysfunction 

regardless of the aetiology 
(ischemic and non-ischemic dilated cardiomyopathy)

✓ COMPANION 

✓SCD-HeFT







    	 COMPANION 	  36% 

Death from Any Cause



Kaplan–Meier Estimates 
of the Time to the 
Primary End Point of 
Death from or 
Hospitalization for Any 
Cause (Panel A),  
the Time to the 
Secondary End Point of 
Death from Any Cause 
(Panel B),  
the Time to Death 
from or Hospitalization 
for Cardiovascular 
Causes (Panel C), 
and the Time to Death 
from or Hospitalization 
for Heart Failure 
(Panel D). 

Death from Any CauseDeath from or Hospitalization 
for Any Cause



✓ Sudden Cardiac Death in Heart Failure Trial 
✓ Hypothesis:  

	 Which works better to reduce all-cause mortality in NYHA Class II 
and III patients, a prophylactic ICD or amiodarone? 

✓ Patient population: 2,521, mean F.U. 45.5 months 
✓ Inclusion criteria: both ischemic and nonischemic cardiomyopathies 

	 CHF NYHA Class II or III 
	 LVEF < 35% 
	 All patients in optimal medical therapy (BB, ACE-I etc.) 

✓ Study design: randomized to 3 arms 
- ICD 
- Amiodarone 
- Placebo (no ICD, no amiodarone) 
SCD-HeFT excluded the “healthiest” and “sickest” NYHA patients (Classes 

SCD-HeFT



	 	 23% 

SCD-HeFT

✓ Results: In patients with NYHA class II or III CHF and 
LVEF of 35 percent or less, amiodarone has no favorable 
effect on survival, whereas single-lead, shock-only ICD 
therapy reduces overall mortality by 23 percent.



SCD-HeFT 

Ischemic HF

Death from 
Any Cause



SCD-HeFT 

Non-ischemic HF

Death from 
Any Cause





✓A larger analysis of 40,195 patients from 12 clinical trials 
investigating patients with systolic heart failure over a 19-year 
period, demonstrating a reduction in SCD by 44% over time due 
to the improved application of guideline-based therapy.  

✓  This finding is consistent with a cumulative benefit of evidence-
based medications on this cause of death 

✓Although not yet formally evaluated, novel therapies 
such as angiotensin receptor–neprolysin inhibitors 
(ARNIs) and sodium-glucose cotransporter 2 (SGLT2) 
inhibitors may further reduce this risk







Balancing the Risk of Sudden Death Versus Death from 
Competing Causes

✓In real terms most patients will have to survive 
many years to derive true prognostic benefit 
from an ICD.  

✓ In light of this, it is not surprising that 85/ 131 (65%) of patients 
in the control arm of DANISH died due to causes other than SCD 
additionally illustrating the significance of the competing risk of 
death from alternate nonsudden cause in this population.



“with the current use of disease-modifying therapies, we might need to 
reconsider the need and timing for the use of ICD as primary prevention of 
SD, especially in HF of non-ischaemic aetiology”  
(the benefit of ICD in patients with symptomatic HFrEF 
caused by coronary artery disease has been well 
documented)



Efficacy of ACE inhibitors/angiotensin receptor blockers, beta-blockers,  mineralocorticoid receptor antagonists, 
ARNI and SGLT2 inhibitors compared with control for the prevention of sudden death in HF trials.





✓ EU-CERT-ICD is a prospective investigator-initiated, controlled 
cohort study, was conducted in 44 centres and 15 European 
countries.  It aimed to assess current clinical effectiveness of 
primary prevention ICD therapy. 

✓  2327 patients with ischaemic cardiomyopathy (ICM) or dilated 
cardiomyopathy (DCM) and guideline indications for prophylactic 
ICD implantation 

✓ In contemporary ICM/DCM patients (LVEF ≤35%, narrow QRS), 
primary prophylactic ICD treatment was associated with a 27% 
lower mortality after adjustment.   

✓ There appear to be patients with less survival advantage, such as 
older patients or diabetics. 



SwedeHF (the 
Swedish Heart 
Failure Registry)







Recommendations for risk stratification, sudden cardiac death 
prevention, and treatment of ventricular arrhythmias in chronic 

coronary artery disease and reduced EF



NEW in 2022 GL !!!

Recommendations for risk stratification, sudden cardiac death 
prevention, and treatment of ventricular arrhythmias in chronic 

coronary artery disease and reduced EF



Algorithm for risk 
stratification and 
primary prevention of 
sudden cardiac death 
in patients with 
chronic coronary 
artery disease and 
reduced ejection 
fraction



Algorithm for 
the 
management of 
sustained 
monomorphic 
VT  in patients 
with chronic 
CAD



Avoid upgrading procedure when CRT indication is clear !!!













◆ The implantable cardioverter-defibrillator (ICD) 
significantly enhances survival in patients with 
malignant ventricular tachyarrhythmias, but the 
recurrence of ventricular tachycardia (VT)/ventricular 
fibrillation (VF) can still be a cause of death.  

◆ More specifically, electrical storm (ES), characterized 
by very frequent arrhythmic episodes resulting in 
appropriate ICD shocks, is a frightening event 
associated with poor short- and long-term prognoses.  

◆ ES definition: the occurrence of ≥3 episodes of VT 
separated by > 5 minutes during a 24-hour period, each 
resulting in an appropriate shock by the ICD.*

ELECTRICAL STORM (ES)

* Zipes DP et al. ACC/AHA/ESC 2006 guidelines for management of 
patients with ventricular arrhythmias and the prevention of sudden 
cardiac death. J Am Coll Cardiol. 2006;48:247–346.



ES is a strong independent predictor of death in 
ICD patients (mortality between 38%-53%).

ELECTRICAL STORM (ES)

Gatzoulis KA et al. Europace 
2005; 7:184-92. 

Exner DV, Circulation 2001;103: 
2066-71. 

Verma A, J Cardiovasc 
Electrophysiol 2004;15: 1265-70. 



 
VT catheter ablation 

as a treatment of 
electrical storm



✓ to prospectively assess the short-term efficacy 
of CA when applied  extensively in a series of 
consecutive patients referred for drug-refractory 
ES.  

✓ to analyze the impact of CA outcome (acute) on 
long-term arrhythmia recurrence and on patient 
survival to support its earlier and wider use in the 
treatment of ES.

AIM OF THE STUDY









Flowchart dello studio

Emendamenti 2 e 3: 
prolungamento follow-up



The primary end point was a composite of death from any cause or 
hospitalization for worsening heart failure













*330 Carbucicchio C, Santamaria M 
et al . Circulation 2008

“Successful ablation 
was associated with a 
significant reduction in 
VT and electrical storm 
recurrence and 
improved long-term 
survival in retrospective 
analyses”



Take home messages 
✓ Most non invasive methods of SCD risk stratification in IHD need more 
evidence to be applied in clinical practice (actually not indicated) 

✓ LVEF remains the most important (although not accurate) marker of 
increased SCD risk but excluded a lot of patients (two thirds of SCDs 
occur in patients with an LVEF>35%) 

✓ ICD is the mainstay therapy in selected patients groups (secondary 
prevention; primary prevention in pts with reduced LVEF and more than 40 
days after MI) 

✓ Tailored Therapies - Precision Medicine 

✓ Public access defibrillation (PAD) programs  are needed to obtain a 
significant impact on SCD  



General population: unselected population age greater than or equal to 35 y 
Modified from Myerburg RJ et al., Circulation 1998

VERY HIGH 
RISK 

SUBGROUPS








