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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 M,
presents with chest pain, prescribed strict
bedrest and nitrates

* Develops fainting spells during observation M“‘“ ARAAAAAAR
. . HORe g PR
 Combination of external cardiac massage E SadRaRsensicocociilia
and external cardiac defibrillation was NS ner ervieins Jaiddl S mat i

. IBEREEREESEE SRR e
successfully employed for ventricular N SR
fibrillation after acute myocardial infarction RiEeEleiiel: o o

* UPDATE SCD 2025 Moss et al, NEJM, 1962
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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

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

v'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.

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

A [ Triggered activity ] B [ Substrate Generation ]
TRIAD:
e etomatc
u ICITY
astomatty 2= =8 * triggered activity
° reentry

~ Prolonged APD

Abnormal automaticity
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RISK STRATIFICATION AND SURVIVAL AFTER MYOCARDIAL INFARCTION ¥

THE MULTICENTER POSTINFARCTION RESEARCH GROUP
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ejection fraction below '0.40, ventricular ectopy of 10 or
more depolarizations per hour, advanced New York Heart
Association functional class before infarction, and rales
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Moss et al., NEJM, 1983



% ONE-YEAR CARDIAC MORTALITY
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Table 2. Contribution of the Preselected Factors to the Final

Facton

Ejection fraction <0.40
VED =10/hr t

Rales > bibasilar
NYHA class IV §

Time after hospitalization
0-3 mo

3-6 mo

6-12 mo

Survival Model.

RELATIVE CHi-
Risk SQuUARE
24 12.3

(1.53.71)

1.6 38

(1.0,2.6)

33 20.5
2.1,5.2)
1.9 8.1

(1.2,3.0)

4.0
2.2,7.2)
28

(1.65.1) 333
1.3

(0.8,2.4)

P VaLve

<0.001

<0.05

<0.001

<0.01

<0.001

*Ratio of the risk of dying per unit of time (hazard rate) for patients with factor present, to

risk for patients with factor absent. For the time factors, the risks are relative to the probability
of dying 12 to 36 months after discharge.

The relative risk ratios were derived from the survival analyses. The parentheses contain the

95 per cent confidence intervals.

tVED denotes ventricular ectopic depolarization
#New York Heant Association functional classification one month before entry

PERCENT CARDIAC MORTALITY
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4 FACTORS (2%)

NO FACTOR (33%)

Moss et al., NEJM, 1983



MADIT-I, MADIT-II, and SCD-HEFT
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= L5 _ therapy
% °"] HR=0.46
¢ 0z] P=0.009
0.0 T T T T T
0 1 2 3 4 =
Mo PATENTS Tear
Defibrillatar 25 ] 53 21 17 3
Corwertional 107 67 44 28 17 0

therapy

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
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Probability of Survival

1.0

0.9 4

0.8

0.7

0.6

"o Defibrillator Group

Conventional Group

HR=0.69
P=0.016

0.0".r
0

No. of Patients

Defibrillator: 742
Conventicnal: 490

1 2 3 4
Years

503 273 110 9

329 170 85 3

Elig: Hx MI, EF<0.30, HF, N=1200
32 enrolling sites, 5 year-enrollment
(1997-2001)

Moss AJ, et al. NEJM 2002

Amiodarane vs. placeba
1CO therapy vs. placebo

\

Hazard Ratio (97.5% CI)
1.06 (0.86-1.30)
0.7 (0.62-0.96)

@0
RELCEY
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P Value
053
0.007

Placebo
-~ (244 deaths; Syr event rate, 0.361)

1CD therapy
_ (182 deaths; 5.yr event rate, 0.289)

97

04+
0.3 o
Amiodarone
2 (240 deaths; 5-yr event rate, 0.340) "
3 -y !
% 0.2 ey
ol
s L~
= e
o
0.1 =
/Jf}/
! r T T T 1
12 2] 36 43
Months of Follow-up
No. at Risk
Amiodarone 845 72 75 484 280
Placebo 847 797 724 505 304
ICD therapy 829 778 733 501 304

103

Elig: ICM, NICM, EF<0.35, HF, N=2531
Early 2000’s

Bardy G et al, N Engl J Med. 2005



Current ICD Guidelines

@ E S C European Heart Journal (2022) 43, 39974126

European Society https:/idoi org/10.1093/eurheartj/iehac262
of Cardiology

ESC GUIDELINES

2022 ESC Guidelines for the management of
patients with ventricular arrhythmias and the
prevention of sudden cardiac death
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ICD therapy is recommended in patients

with CAD, symptomatic heart failure (NYHA
class II-Il), and LVEF <35% despite >3 months
of OMT %336

ICD therapy should be considered in patients with
CAD, NYHA class |, and LVEF <30% despite >3
months of OMT *>*

ICD implantation should be considered in patients
with CAD, LVEF <40% despite >3 months of
OMT, and NSVT, if they are inducible for SMVT by
PES.>*®

20002 ESC Guidelines 9
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Current ICD Guidelines

@ESC ' uropen ol (022 43,3997 4126 ESC GUIDELINES ICD therapy is recommended in patients
ofCardoigy T O P with CAD, symptomatic heart failure (NYHA
- class II-ll), and LVEF <35% despite >3 months
2022 ESC Guidelines for the management of of OMT 354356
patients with ventricular arrhythmias and the -
prevention of sudden cardiac death ICD therapy should be considered in patients with
CAD, NYHA class |, and LVEF <30% despite >3 lla B

months of OMT 3>

No Utlllty of additional risk stratification ICD implantation should be considered in patients

beyond the clinical variables has been with CAD, LVEF <40% despite >3 months of s 5
consistently demonstrated, including: OMT, and NSVT, if they are inducible for SMVT by
- ECG metrics, autonomic variables PES.>**

- Echo, CT, MRI-assessment of scar
- or any other newer method
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Why do we need a new approach?
1. Decline in the Risk of SCD Over Time

10+ Population

Slope (per decade), -1.22 per 100 patient-yr; P=0.02
i o

O Control group

O Experimental-therapy
group

HARM-Alternative T ==eo_ _ PARADIGM-HF

Annual Rate of Sudden Death (per 100 patient-yr)

1 CHARM-Added | TTT=me—eao
3 HARM-Alternative -
v CISSIHF MPHASIS-HF
2
S R e e S S S S S
& o ) S o 5 $
- AN . - R w@h S P '\?’Qq A

Year of Randomization

* UPDATE SCD 2025 Shen L et al. N Engl ) Med 2017;377:41-51
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Why do we need a new approach?
Changing Landscape of SCD due to improved treatment

Changes in treatment in the last 40 years

15%

Early, complete revascularization after Ml
Beta blockers Annusi moraity,20%
. . . . Annual SCD: 8.5%
Mineralocorticoid antagonists . -
T 10%-
ARNI 8
SGLT2 inhibitors g .
. 7]
Statins E
Cardiac resynchronization therapy £ °%Revasc TileGOMT
Annual SCD: 3.);% ’
GDMT with ICD
o Annual mortality: 5%
Most of these reduce not only mortality . Annual SCD: 1.6%
o ) 0% 5%  10%  15%  20%  25%  30%  35%
but specifically sudden cardiac death Annual Total Mortality
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Why do we need a new approach?
2. Substrate is different in the current era vs. old era

Large anterior MlI, very low LVEF, partial revasc. Smaller M, quick, full revasc.
often higher LVEF

B PSR
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Why do we need a new approach? A4

3. Current GDMT is Highly Effective and Reduces SCD

H 40
A GDMT and all-cause mortality®’ B ARNI and risk SCD

°
S
Treatment All-Cause Mortality HR  (95%C) 2 i
5 HA=0.00 (068, 0.94)
4Drugs Example Score ARNI + BB + MRA + SGLT2 — 039(0.31-049) N Roon
ARNI + BB + MRA + Vericiguat — 041(0.32-053) g
ARNI + BB + MRA + Omecamtiv e 044 (0.36-0.55)
ACEI + BB + Dig + H-ISON e 0.46(0.35-061) 3
SGLT2i ACEI + BB + MRA + IVA — 0.48(0.39-0.58)
None 0 ACE! + BB + MRA + Vericiguat —_— 049 (0.39-062) 8
Any dose 2 ACEL + BB + MRA + Omecamtiv e 052(043-063) =
ARNI + ARB + BB + Dig — 065 (055-0.76) 8
Ivabradine ARNI + BB + MRA — 044 (037-0.54) % 0 s s 720 s 100 120
None 0 ACE! + BB + MRA —— 0.52(0.44-0.61) bt Days since randomization
Any dose 1 ACEl + MRA + Dig . 0,66 (0.56-0.78) Enslapei 4212 3860 2410 994
ACEI + B8 + Dig - 068(0.59-0.78) ez e = = e
o ARB + B8 + Dig - 073(064-0.83) (o3 SGLT2i and risk of SCD/VTA*
Vericigu
None 0 ACE! + ARB + Dig B 0.83(0.72-0.96) Serious Ventricular Arrhythmia / Resuscitated Cardiac Arrest / Sudden Death
3 o
T e 1 Dig + H-ISON . 0.67(0.53-0.86) 2 -
ARNI + BB —— 0.58 (0.50-0.68) e
P-4
<50% max daily dose ACEI/ARB 1 Hydralazine/Nitrates ACEI + 88 - 0.69(061-0.77) ] /'J/
5 ARB + BB - 0.74(0.66-0.82) o
250% max daily dose ACEI/ARB 2 None 0 ACE+ Dig - 087(078-098) 2|
Sacubitril-valsartan (any dose) 3 Any dose 1 ARB + Dig 094 (0.84-1.05) § o
:[l .. :‘; ((%112-00,2) E HR 0.79 (95%CI 0.63-0.99), p=0.037
o AR8 0.95(0.88-1.02) 8 — - —
w w 099 (om.]m ] 90 180 270 360 450 540 630 720
S meo 100 Normber st ok .
g Placebo 2371 2317 2257 2202 2047 1599 1196 646 223
% Dapaglifiozin 2373 2320 2273 2223 2098 1639 1218 653 227
: 025 05 1 2 —— Dapaoifozn |
s

Vaduganathan, JACC, HF, 2020 14
Goldenberg, Heart Rhythm 2025
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Why do we need a new approach?
4. Decline in the Risk of ICD Shock Rates and Mortality

A

1820 1500
Enrollment years 1997-2001 2004-2008 2009-2011
Investigated device ICD CRT-Dvs. ICD  CRT-D + ICD ) Average Average annual rate of
; L Trial Year duration (mo) appropriate shock, %
Inclusion criteria LVEF < 30% LVEF < 30% LVEF < 35%
Prior Ml ICM + NICM ICM + NICM MADIT II 2002 24 17
NYHA 11 ICD or CRT-D SCD-HeFT 2005 45.5 5
indication PREPARE 2008 12 5.4
Rate of VT/VF Events and Mortality in the MADIT studies M'QDIT_R[T 2012 -lﬁ 3
i~ m p(ﬂmRemdual VT/VF risk ICD Registry 2014 20 !
£ II I 0 Sabbag A et al. Heart Rhythm 2015;12:2426-33
H . peooo2 P<0.001
z, | JE e

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

Kutyifa V, et al. Heart Rhythm. 2019
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5. Projection of the ICD benefit-risk ratio

,,3 ICD benefit Dagres, Hindricks. IntJ Cardiol 2017;237:34-37.
o

I;
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a ICD risk

Time since begin of landmark trials establishing the ICD benefit

IntJ Cardiol, 2017 Jun 15:237:34-37., doi:

* U PDATE SC D 2025 10.1016/j.ijcard.2017.03.053 16



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:
* I|dentification of low-risk patients with reduced LVEF without the need for
defibrillator protection
* |dentification 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 testitin a

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

W This project has received funding from the European Union’s Horizon 2020
Wl research and innovation programme under grant agreement No 847999.
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4 * Clinical characteristics é None deemed to be reliable
N f Post-MI patients « Demographics in 2076 patients . . . .
o , ¥ . 140204patens < Medicalhistory Nt piend predictors including:
in 20 datasets « Electrocardiography magnetic resonance i
U ) “ ; * Echocardiography (CMR) \/ demogra phlcsl
Myocardal infarction v"medical history,

' S g
Months to! . & 754 & 25058 & 107 603 « Methods

clinical characteristics,

years later ! ICD patients NoOGE Non-ICD 1) flexible parametric survival model b I0Mma rke rS,
i .
I e patients 2) random forest survival model .
i LVFI.EF < 35% LVEF > 35% In patients with CMR, additionally flexible / E|ect roca rd IOg ra phy,
parametric survival model including CMR. parameters \/ h d . h
MR : o echocardiography,
I [y | \lh | \| YV Primary outcome * Validation .
S || Appropriate > Sudden systematic internal — external — leave / Ca rd 1aC M RI .
AuadTEr . defibrillator | cardiac | " - one-dataset — out cross validation under
tachyarrhythmia therapy death @, a competing risk framework
i
1
i Results
1
i Primary endpoint
1
¢ ICD patients Non-ICD patients LVEF <35% Non-ICD patients LVEF >35%
(first appropriate therapy) (sudden cardiac death) (sudden cardiac death)
12 months 9.12% 1.84% 0.38%
36 h: 18.42% 341% 087%
Sudden cardiac death months
C-statistics and 95% prediction intervals for the primary endpoint
* p R U FI D ICD patients Non-ICD patients LVEF <35% Non-ICD patients LVEF >35%
ng‘r‘:nim 0.50 (0.49, 0.51) 0.53 (0.44, 0.61) 061 (0.46, 0.73)
ixgtl:nili\lﬁ 053 (0.46, 0.59) 0.54 (0.4, 0.63) 0.56 (0.42, 0.71)

* U P D AT E S C D 2 0 25 Eur Heart J. 2024 Nov 14;45(43):4616-4626. doi: 10.1093/eurheartj/ehae326



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

condition ’MM’M
l

Demonstrate that OMT without ICD implantation

Check of inclusion / exclusion criteria

(index group) is not inferior to OMT with ICD !

. . . ‘00 N ‘00 ?

implantation (control group) with respect to all-cause o & fendomiton 3 g =d

mortality within about 2.5 years of observation. No1CD implantation IcD implantation
s

Designed to be as close to routine clinical care as Follow-up for primary endnotnt
pOSSibIe “all-cause death”

This project has recatved funding from the Eurcpean Union “s Horizan 2020
tezaarch and tnnovation programima under grant agrasment No, 847938

2 0 2 5 Publicly funded under Horizon 2020 program, no. 847999



PROFID EHRA TRIAL: KEY FACTS 1o moiamation for oty e

of SCD and change medical guidelines

_ 3,595 patients to be enrolled

13 countries

Study design Proof of strategy, event-driven, randomised, non-inferiority trial 180 clinical sites
Random groups | Index: OMT; Control: OMT+ICD Post-MI patients
LVEF < 35%
Objectives Demonstrate that OMT is not inferior to OMT+ICD within 2.5yrs of
observation reg. all-cause mortality ”ﬂ”“ﬂw
Prim. Endpoint (1) All-cause death (n=374) ¢

Check of inclusion / exclusion criteria

Sec. Endpoints (2) Death from cardiovasc. causes
(3) First hospital readmissions for cardiovascular causes after ¢
randomisation ‘O O =
’ . . . . @ 4— Randomisation =P o =
(4) Average length of stay in hospital during the study period. o -
(5) Qol (EQ-5D-5L) trajectories over time at BL and 12-month No ICD implantation ICD implantation
intervals thereafter. ¢
Duration 30 months enrolment, total study duration~49 months Follow-up for primary endpoint
. . . . “all-cause death”
Current 271 patients, enrolled at 85 sites in Europe (well over feasibility
Enrollment phase at this time) B o s

* U P D AT E S C D 2 0 25 Publicly funded under Horizon 2020 program, no. 847999 profid-project.eu | 20



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 [ Triggered activity ] B [ Substrate Generation ]

* 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.

* UPDATE SCD 2025
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What could be a new approach?
Important to consider: life gained with an ICD
Competing risk of non-arrhythmic mortality

O 1 o R — CLINICAL RESEARCH
European Society doi:10.1093/eurheartj/ehaa057 Arrhythmias 0.5 o |[——— VT>=200 or VF
of Cardiology e | Non-arrny:r:mic Mortality
o 047
Predicted benefit of an implantable g
h-]
cardioverter-defibrillator: the MADIT-ICD F i
Q
=
benefit score g o,
E
Arwa Younis @ !, Jeffrey J. Goldberger?, Valentina Kutyifa ® !, Wojciech Zareba', 3
Bronislava Polonsky‘, Helmut Klein ® !, Mehmet K. Aktas', David Huang', 014
James Daubert ® 3, Mark Estes®, David Cannom®, Scott McNitt!, Kenneth Stein®,
and Ilan Goldenberg'* 004

Follow-up Years
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Graphical Abstract

MADIT-ICD Benefit Group and corresponding personalized ICD-Benefit Score
MADIT-ICD -

Benefit G
e nirem LVEF <=25% GRIED 4
Atrial arhythmia + N,: -
VT/VF Score ; 2
Heart Rate > 75 bpm — o
SBP <140 mmHg
Non-arrhythmic - — BMI <23 kg/m?
Mortality Score Myecardisl Infarption Atrial arrhythmia
Age <75 +2 r— +2
ASESL LVEF <=25%
ICD-Benefit Score 0 13 25 38 50 63 75 8 100 Male
>75
Prior NSVT Aoy
MADIT-ICD MADIT-ICD
” Benefit Group 2z Benefit Group
2 031 T 031
& s
8 2
£ 021 Highest g 02 -
. =
% in;:;'::dlate g Lowest
E o1 ; 01 4 ~_ Intermediate
- O (o e e (- S = oy Highest
: :
B 00 . T 00
A I | T I £ T T T T
0 1 2 3 0 1 2 3
Time from Implantation (Years) Time from Implantation (Years)
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Currently tested in the CONTEMP-ICD trial in a low-risk cohort

P

Cumulative Incidence

- | =———— VT>=200 or VF Gray's test P <0.001 B 05-———vT>=2000r vF Gray's test P <0.001
==== Non-arrhythmic Mortality ==== Non-arrhythmic Mortality
® 04
Highest £ Intermediate
E 02
7 £
© 0.1
T Do T
[v] 1 2 3 [a] 1 2 3
C 0.5 - | =—— Y T>=200 or VF Gray's test P=0.55 . . .
== Non-arrhythmic Mortality | leltatlons:
g - Trial cohort had pre-selected
g 0 clinical characteristics
E Lowest
2 o2
E
° . Strength:
o - The model was externally

* UPDATE SCD 2025
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CONTEMP-ICD: 21 of 100 patients enrolled in feasibility phase

Eligibility: NICM/ICM with LVEF = 35% on stable optimal GDMT*, MADIT-ICD Benefit Score <50

(N=3290)

| Baseline Assessment |

I

Randomization (N=32390)

— Implant ICD_for secondary prevention if in- _
l trial sustained WT/VF occurs l

Virtual follow-up until study closure (average 3.0 years)

nmau Endpoint: All-cause mortality

Tertiary endpoints: Device complications, ICD therapies {lnappmpnate and appropriate), LVEF, HF events, cause-specific death

| *0Optimal GDMT is defined in inclusionfexclusion criteria (Table 3) |

 UPDATE SCD 2025 comorgein | 25




What would be the futuristic/Al approac

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.

* UPDATE SCD 2025
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What would be the futuristic/Al approach?

The Al “solution”

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

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

v'Trials and registries co-designed with implementation scientists and
payers to ensure that any new paradigm can be scaled.

DATE SCD 2025



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

 UPDATE SCD 2025
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Genetic testing
Analysis of known mutations
that increase risk of SCD

Myocardial imaging

ECG-based parameters * Echo to access LV
= QT interval systolic function
* ORS duarion Genetic » SPECT/PET

* Fragmented QRS complexes 9 s -CRMtx?assess
» Signal-averaged ECG predisposition myocardial scar

Autonomic function tests i . =
o Hesrt rate vasiabiity Armytt:‘:(’?e"'c SCD risk Anatomical
* Heart rate turbulence Su rate > substrate

Other Population risk assesment
5 « Risk scores
cardiovascular « Serum biomarkers

Screening for ventricular arrhythmias
» Ambulatory monitoring for VT

» Programmed ventricular stimulation

parameters * ECG-based parameters
» Imaging techniques

CMR = cardiac magnetic resonance imaging, LV = left ventricle, PET= positron emission
tomography, SCD = sudden cardiac death, SPECT= single photo emission computed
tomography, VT = ventricular tachycardia
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