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Closed-Chest Cardiac Massage in the Treatment of 
Ventricular Fibrillation Complicating Acute Myocardial 
Infarction — Report of Three Cases with Survival

• Dr. Moss’s first VF case as an assistant 
resident at MGH

• 62-year-old housewife, diabetes, prior MI, 
presents with chest pain, prescribed strict 
bedrest and nitrates 

• Develops fainting spells during observation

• Combination of external cardiac massage 
and external cardiac defibrillation was 
successfully employed for ventricular 
fibrillation after acute myocardial infarction

Moss et al, NEJM, 1962



Risk Stratification for Sudden Cardiac Death

Am J Cardiol 1983 Oct 1;52(7):667-9. doi: 10.1016/0002-9149(83)90394-6.

Prognosis after myocardial infarction, A.J. Moss

✓A substantial number of patients die in the first year after myocardial infarction. 

✓The major determinants of risk during this period appear to be the extent of 
either damaged or potentially ischemic myocardium and the degree of 
electrical instability. 

✓Anterior infarction, early left ventricular failure, late significant arrhythmias, and 
markedly reduced radionuclide left ventricular ejection fraction are the major 
clinical markers of risk.



Ventricular Arrhythmia Mechanisms

October 2022
Archives of Toxicology97(1):1-20
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TRIAD:
• abnormal 

automaticity
• triggered activity
• reentry



Moss et al., NEJM, 1983



Moss et al., NEJM, 1983
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MADIT-I, MADIT-II, and SCD-HEFT

HR=0.46 

P=0.009

Elig: Hx MI, EF<0.35, NSVT, +EP study, N=196

32 enrolling sites, 5 year-enrollment

(1990-1995) 1993: TV leads

Moss AJ, et al. NEJM 1996

HR=0.69 

P=0.016

Moss AJ, et al. NEJM 2002
Bardy G et al, N Engl J Med. 2005

Elig: Hx MI, EF<0.30, HF, N=1200

32 enrolling sites, 5 year-enrollment

(1997-2001)

Elig: ICM, NICM, EF<0.35, HF, N=2531

Early 2000’s



20002 ESC Guidelines 9

Current ICD Guidelines



20002 ESC Guidelines 10

Current ICD Guidelines

No utility of additional risk stratification
beyond the clinical variables has been
consistently demonstrated, including:
- ECG metrics, autonomic variables
- Echo, CT, MRI-assessment of scar
- or any other newer method



Why do we need a new approach?
1. Decline in the Risk of SCD Over Time

Shen L et al. N Engl J Med 2017;377:41-51
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Why do we need a new approach?
Changing Landscape of SCD due to improved treatment

Early, complete revascularization after MI
Beta blockers
Mineralocorticoid antagonists
ARNI
SGLT2 inhibitors
Statins
Cardiac resynchronization therapy
…

Most of these reduce not only mortality 

but specifically sudden cardiac death

Changes in treatment in the last 40 years

Revasc

Merchant FM, Levy WC, Kramer DB.
J Am Heart Assoc. 2020; 9:e015139.



Why do we need a new approach?
2. Substrate is different in the current era vs. old era
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Large anterior MI, very low LVEF, partial revasc. Smaller MI, quick, full revasc.
often higher LVEF



Vaduganathan, JACC, HF, 2020
Goldenberg, Heart Rhythm 2025
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Why do we need a new approach?
3. Current GDMT is Highly Effective and Reduces SCD



Why do we need a new approach?
4. Decline in the Risk of ICD Shock Rates and Mortality

Sabbag A et al. Heart Rhythm 2015;12:2426–33 

Kutyifa V, et al. Heart Rhythm. 2019

VT/VF: 30% decrease Mortality: >50% increase

Residual VT/VF risk



Int J Cardiol, 2017 Jun 15:237:34-37., doi: 
10.1016/j.ijcard.2017.03.053 16

Why do we need a new approach?
5. Projection of the ICD benefit-risk ratio
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Objective of the PROFID EHRA study

Improved strategy for primary prevention defibrillator implantation 
based on accurate prediction of the personal risk of SCD.
First part:

• Identification of low-risk patients with reduced LVEF without the need for 
defibrillator protection

• Identification of high-risk patients with moderately reduced or preserved 
LVEF who might benefit from defibrillator protection

Second part:
Develop a novel approach for defibrillator protection and test it in a 
randomized clinical trial

 

Eur Heart J. 2024 Nov 14;45(43):4616-4626. doi: 10.1093/eurheartj/ehae326
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None deemed to be reliable 
predictors including:
✓ demographics, 
✓ medical history, 
✓ clinical characteristics, 

biomarkers, 
✓ electrocardiography,
✓ echocardiography, 
✓ cardiac MRI.

Eur Heart J. 2024 Nov 14;45(43):4616-4626. doi: 10.1093/eurheartj/ehae326



PROFID EHRA TRIAL: OBJECTIVES 

Study population: 3,595 post-MI patients with 
symptomatic heart failure and reduced LVEF ≤35%, all 
receive optimal medical therapy (OMT) for this 
condition

>> Demonstrate that OMT without ICD implantation
(index group) is not inferior to OMT with ICD 
implantation (control group) with respect to all-cause 
mortality within about 2.5 years of observation. 

>> Designed to be as close to routine clinical care as 
possible

19Publicly funded under Horizon 2020 program, no. 847999



20

Reassess the role of routine prophylactic 
ICD implantation for primary prevention 

of SCD and change medical guidelines

Study design Proof of strategy, event-driven, randomised, non-inferiority trial

Random groups Index: OMT; Control: OMT+ICD

Objectives Demonstrate that OMT is not inferior to OMT+ICD within 2.5yrs of

observation reg. all-cause mortality

Prim. Endpoint (1) All-cause death (n=374)

Sec. Endpoints (2) Death from cardiovasc. causes

(3) First hospital readmissions for cardiovascular causes after 

randomisation.

(4) Average length of stay in hospital during the study period.

(5) QoL (EQ-5D-5L) trajectories over time at BL and 12-month 

intervals thereafter.

Duration 30 months enrolment, total study duration~49 months

PROFID EHRA TRIAL: KEY FACTS

profid-project.euPublicly funded under Horizon 2020 program, no. 847999

Current 

Enrollment

271 patients, enrolled at 85 sites in Europe (well over feasibility 

phase at this time)



Why do we need a new approach?
6. Prior predictor models only work in cohorts when the 
predominant mode of death is cardiac, and arrhythmic…

Prognosis after myocardial infarction, A.J. Moss

• A substantial number of patients die in the first 
year after myocardial infarction. 

• The major determinants of risk during this 
period appear to be the extent of either 
damaged or potentially ischemic myocardium 
and the degree of electrical instability.

Am J Cardiol 1983 Oct 1;52(7):667-9. doi: 10.1016/0002-
9149(83)90394-6. 21



What could be a new approach?
Important to consider: life gained with an ICD
Competing risk of non-arrhythmic mortality
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Younis et al, EHJ, 2021 23



Younis et al, EHJ, 2021
24

Highest Intermediate

Lowest

Limitations:
- Trial cohort had pre-selected 
clinical characteristics

Strength:
- The model was externally 
validated in the RAID trial

Currently tested in the CONTEMP-ICD trial in a low-risk cohort 



CONTEMP-ICD: 21 of 100 patients enrolled in feasibility phase

Goldenberg et al. 25



What would be the futuristic/AI approach?

ChatGPT: “What could be paradigm changing about risk stratification for sudden 
cardiac death after myocardial infarction based on current knowledge?”

Thought for 4 seconds…

If we take “paradigm changing” seriously for post-MI SCD risk, it probably 
means moving away from “EF + waiting period → yes/no ICD” toward a truly 
individualized, dynamic model of arrhythmic vs non-arrhythmic risk.

26



The AI “solution”

✓Risk assessment as a longitudinal process, embedded in routine care, 
with EHR-integrated decision support.

✓ICDs (or alternatives) deployed on the basis of personalized, model-
estimated benefit, not just EF and guidelines.

✓Trials and registries co-designed with implementation scientists and 
payers to ensure that any new paradigm can be scaled.
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What would be the futuristic/AI approach?



Major Challenges Remain

Challenges:

- SCD definition, adjudication

- Reproducibility, and external validity

- Actionable, that can be confirmed in 
a randomized clinical trial

- Overall low risk of SCD in selected 
cohorts (not in registries) with GDMT

- Competing risk of non-arrhythmic 
mortality

- Two trials ongoing to assess the ICD 
in all pts (PROFID EHRA), vs. in those 
in low risk (CONTEMP-ICD) are 
ongoing
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