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Malignant arrhythmia in heart failure: |
role of medical therapy




Malignant Arrhythmias in Heart Failure

Annual arhhythmias incidence in HF
Non Sustained VT 50-80%

Sustained VT 5%

Lifelong risk of sudden cardiac death if untreated

SCD as

0
cause of death 40%

Teerlink Criculation 2000
Mainerz AJC 1984

Singh Jaacc 1998
Packer, Eur J Heart Fail 2019




Arrhythmias: physyopathology
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Physyopathology: remodeling

Substrate

Anatomical Scar
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Physyopathology: remodeling

Substrate

Scar
Anatomical
Gap junction anomalies

Functional Stretch




Functional Remodeling

Cronical stretch Electric Remodeling
| effective refractory | or 1 action potential
period duration

1 s

Disomogeneity

Acute stretch Stretch activated membrane channels

Franz, Cardiovasc Res, 1989




Functional Remodeling

Acute stretch Stretch activated membrane channels

Unadusid OR 107 P=000)
Adjusied OR: 105 P=0 043
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Reiter. Circulation: Arrhythmia and Electrophysiology, 2013



Physyopathology: remodeling

Substrate Trigger
Scar
Anatomical
Gap junction anomalies
Functional Stretch chronical Stretch acute

Electrical




Electrical Remodeling

Downregulation inward rectifier
potassium current

Current

Prolongation of action
potential duration

llla

Franz, Cardiovasc Res, 1989




Electrical Remodeling

Prolongation of action
potential duration

Eterogeneous: dispersion of

Early After Depolarization Y
repolarization

Control Heart Failure
Epicardium
@

Epicardium
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Endocardium Endocardium

Trigger
Substrate

Akar, Circ Res, 2003




Physyopathology: remodeling

Substrate Trigger

Scar

Anatomical
Gap junction anomalies

Functional Stretch chronical Stretch acute

If we fight clinical decompensation and
heart failure progression, do we prevent
ventricular arrnythmias?




HF drugs

Diuretics

Increased mortality with
higher diuretic dose

No reduction in
SCD-VT

Mortality

Electrolite imbalace?

Selection Bias?
Maximum In-hospital Diuretic Dose (mg/day)

Hasselblad, Eur J Heart Fail 2007




HF drugs

— Lack of Long-Term Ventricular Arrhythmia
pluretics gy Enalapril in Heart Failure

Crc:ig M. Pratt, MD, Martin Gardner, MD, Carl Pepine, MD, Robert Kohn, MD,

ACE-] lames B. Young, MD, Barry Greenberg, MD, Robert Capone, MD, lohn Kostis, MD,
- Milena Henzlova, MD, Gilbert Gosselin, MD, Melvin Weiss, MD, Marilyn Francis, RN,

Percent Mortality

Dawn Stewart, Ed Davis, PhD, and Salim Yusuf, MD, for the SOLVD Inve-ahgﬂ’rnrs

SOLVD: total mortality

Placebo
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Enalapril

; Yusuf, NEJM 1991
SOLVD SCD Pratt, JACC 1995




HF drugs

Diuretics

ACE-I ARB ARNI

Enalapril

Circulation

HR=0.80 (0.68, 0.94)

ON MY MIND

s Sacubitril/Valsartan (Also) an
Antiarrhythmic Drug?

A
/
] | o L el | T T T

L
0 180 380 540 720 900 1080 1260
Days since randomization Axel Sarrias, MD
Antoni Bayes-Genis, MD,

PhD

IMumber at risk
Enalapril 4212 1 2410
2478

PARADIGM HF Sudden death

McMurray NEJM 2014




HF drugs

Is Sacubitril/Valsartan (Also) an
Antiarrhythmic Drug?

SACUBITRIL/VALSARTAN

+ 4 Enkephalins
#+Myocyte death 4 Hypertrophy +Fibrosis  #Inflammation ' 4 Endorphins
. ¥ Bradykinin

Reverse remodeling Anti-arrhythmic effect | -
+Ventricular Premature Beats
+Ventricular Tachyarrhythmias

+ Sudden Cardiac Death

Sarrias, Circulation 2018




Diuretics

ACE-I

Beta blockers

HF drugs




Beta Blockers and Sudden Death in HF

Beta blockers Placebo Odds Ratio Odds Ratio . .
Study or Subgroup Events  Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI l automatici ty
Anderson et al 1 25 5 25 02% 0.17 [0.02, 1.55)
AustraliaNew Zealand 10 207 11 208 14% 0.91(0.38,2.19)
BEST 182 1354 203 1354 23.2% 0.88[0.71, 1.09] ! excitabil ity
BHAT 128 1916 180 1921 195% 0.70 [0.55, 0.88)
Bristow et al 4 105 2 34 04% 063(0.11,362) —_— .
Bristow et al,, & 261 6 84 08% 031 [0.10, 0.98] | ! conduction
CAPRICORN 51 975 69 984 78% 0.73[0.50, 1.06]
CELICARD 1 62 2 B2 02% 0.49(0.04,5.57) Speed
CIBIS 15 320 17 31 21% 0.88[0.43,1.79)
CIBIS II 48 1327 83 1320 82% 0.56 (0.39, 0.80)
Colucci et al, 0 232 2 134 01% 0.11[0.01, 239 l DAD
COPERNICUS 45 1158 69 1133 73% 0.62[0.43,0.92)
de Milliano et al. 2 43 1 1 02% 0.49 (0.04,5.93)
ELANDD 0 57 0 59 Not estimable . .
Engimeier et al 0 g 1 16 01%  054[0.02,1478] Anti Ischemic
Fisher et al. 0 25 1 25 0.1% 0.32 (0.01, 8.25)
Hansteen V. et al 11 278 23 282 20% 0.46(0.22,0.97)
Krum et al 2 33 1 16 02% 0.97 [0.08,11.54)
MOC 12 194 12 189 19% 1.51 [0.71, 3.22) 314
MERIT-HF 79 1990 2001 13.2% 0.59 [0.44, 0 78] 0
Metra et 3l 0 20 0 20 Not estimable
Olsen et al. 1 36 0 24 01% 2.07 [0.08, 52.96] sudden death
Packer et al 12 696 15 398 1.8% 0.45[0.21,097) reduction
Pollock e1 3l 0 12 0 7 Not estimable )
RESOLYD 7 24 13 212 12% 052 [0.20, 1.32) In HF
Seniors 44 1067 70 1081 7.2% 0.61[0.41, 0.90)
Sturm et al, 3 51 6 48  05% 0.45[0.11, 1.90)
UHLIR et al. 1 62 0 28 01% 1.39(0.05, 35.19)
Wisenbaugh et al 1 1 0 13 01%  386(0.14, 104 65) NNT 43
Woodiay et al. 0 30 0 20 Not estimable

Total (95% CI) 12768 12011 100.0% 0.69 [0.62, 0.77]) Al Gobari. BMC

Total events 673 924 .
Heterogeneity. Tau*= 0.00; Ch# = 23.06, df= 25 (P = 0.57): I*= 0% - : : . Cardiovasc
0.01 01 1 10 100 DiSOI’d 2013

Test for overall effect: Z=6.98 (P < 0.00001) Favours beta blocker Favours Control




HF drugs

Diuretics
ACE-I ARB ARNI

Beta blockers

MRA




HF drugs

Eplerenone: EPHESUS trial

P=0.03 :
RR=0.79 {95% Cl, 0.64-0.97) ______ Placebo Sudden death in
Ephesus: eplerenone
Eplerencne VS plaCEbO

On top of optimal
therapy (75%
betablockers)
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9 12 15 13 21 24 27

Months since Randomization

No. at Risk NNT 50

Placebo 3313 3064 2983 2830 2418 1801 1213 709 323 99
Eplerenone 3319 3125 3044 2896 2463 1857 1260 728 336 110

Fibrosis reduction? Protection from hypokaliemia?

Pitt, NEJM 2003



Diuretics

ACE-I

Beta blockers

MRA

Dapagliflozin

ARB

HF drugs

ARNI



HF drugs

Dapaglifozin DAPA HF

Death from Cardiovascular Causes

: 100 309 Hazard ratio, 0.82 (95% Cl, 0.69-0.98)

Reduction of death from 90 25
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Supplementary Appendix

This appendix has been provided by the authors to give readers additional information about their work.

Supplement to: McMurray JJV, Solomon SD, Inzucchi SE, et al. Dapagliflozin in patients with heart failure and
reduced ejection fraction. N Engl ] Med. DOI: 10.1056/NEJM0a1911303

McMurray, NEJM 2019



HF drugs

Supplementary Appendix

TABLE 51: A) Adverse events of iterest and B) serious adverse events

Number (%) of patients?
DAPA 10 mg (N=2368) Placebo (N=2368)

Slidden death 19(0.8) 10(04)
aldden cardiac death 18(0.8 27111

Cardiac disorders 520 (221)) 634 20.8)
Cardiac failure 262(11.1) 31(148)
Cardiac fallure congestive 63 (2.7) 70(3.0)
Cardiac fallure acute 42 (18) 04 (2.5)
Acute myocardial infarction 37(18) 38(16)
Ventricular tachycardia 14 8 (23)
Cardiac failure chronic 2111 L)
Arial fibrillation %(11) q!i[ )

013
)
)

Angina unstablg 21009
Myocardial infarction 16(0.7) 17(07
Angina pectoris 12(0.5) 12(05

McMurray, NEJM 2019




RR sudden
death reduction

Hypotetic
coohort 1.000
HF patients

Untreated
400 deaths

SC DhEFT
\YET
DANISH

HF drugs

Beta blockers MRA ARNI

35-45% 35% 20%

240

156 140

m Expected SCD = beta blocker ©“MRA = ARNI ICD
Packer, Eur J Heart Fail 2019




HF drugs

Raota hlneclrare MDA ARNI

RR sudd .

death redu Traditional HF therapy
400
Hypotetic
coohort 1
HF patie
Antiarrhythmic drugs

Untreat )

400 deat
SC DhEFT f
Madit | Expected SCD = beta blocker =MRA ®=ARNI =ICD
DANISH

Packer, Eur J Heart Fail 2019




Physyopathology: remodeling

Substrate

Trigger

Electrical

Heterogenous
lenghtening ap
duration, transmural

gradient

Downregulation
Ik>EAD

Ca alteration=>DAD



HF antiarrhytmic drugs

I la Quinidine




HF antiarrhytmic drugs

I la Quinidine Dysopiramide

Negative inotropic effect




HF antiarrhytmic drugs

I la Quinidine Dysopiramide Procainamide

Negative inotropic effect

No oral formulation




HF antiarrhytmic drugs

I la Quinidine Dysopiramide Procainamide

b Lidocaine Mexiletine

More efficent on high rate VT




HF antiarrhytmic drugs

I la Quinidine Dysopiramide Procainamide
Ib Lidocaine Mexiletine
I Propafenone Flecainide
CAST CASH

The New England
Journal of Medicine

Owned and Published by the

Massachusetts Medical Society L I S

event lree interval

=== Propafenone (n = 55)

THE CARDIAC ARRHYTHMIA S i

SUPPRESSION TRIAL (CAST) - yan DI R INRINNE A7

§ W0 12 14 16 18 W0 22 24 monih

NEJM 1989 Kuck Circ 2000




HF antiarrhytmic drugs

Quinidine Dysopiramide Procainamide
Lidocaine Mexiletine
Propafenone Flecainide

Beta blockers

Sotalol Amiodarone

Ca antagonist




Sotalol: SWORD trial

D- Sotalol vs placebo

Primary prevention

3121 patients FE <40

Hroportion event-free

£==275 p=0006

Anticipated interruption for

— mortality eccess
&0 120 180 240

Time from randomisation (days) Clene e, g

P'EIUEI'I‘[‘S at I'iﬁl"i. All causes 78 48 0-006
Placebo 1572 1170 874 551 130 Cardiac deaths

All cardiac 73 45 0-008
dgrsotalol 1549 1150 gdd H44 323 Arrhythmic (presumed) 56 32 0-008

L J ‘.NJ\_/AMA’W /‘/ J,/Lﬁ/l/ J,U\’J'\NMF\A[\JP A
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Waldo, Lancet 1996




D-L Sotalol

109, Racemic mixture D and L
094 .

0.8 T Sotalol Secondary prevention
0.7 R o

0.6 s 302 ICD patients
P<0.001 .
randomized to
sotalol vs placebo

0.5 7 Plabcbo
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o.o:r—.—.—.—.—.—.—.—.—.—v—.—.—| Time to death for any

0 30 60 90 120 150 180 210 240 270 300 330 360 390 .
. cause or appropriate ICD
Days after Randomization

shock

No. a1 Risk

Placebo 151 129 114 101 S0 84 84 77 70 70

Sotalol 151 136 123 119 115 109 104 101 989 95 SUbgrOUp FE<30%
-2 p 0.02

Sotalol reduced ICD shock in secondary prevention in HF patients

Pacifico, NEJM 1999



D-L Sotalol

Second Choice:

Negative Inotropic effect

Proarrhythmia
(QT prolognationn, especially women)

Renal insufficiency

Other betablockers preferred

Sotalol reduced ICD shock in secondary prevention in HF patients

Pacifico, NEJM 1999




HF antiarrhytmic drugs

Quinidine Dysopiramide Procainamide
Lidocaine Mexiletine
Propafenone Flecainide

Beta blockers

Sotalol

Ca antagonist



HF antiarrhytmic drugs

I la Quinidine Dysopiramide Procainamide
b Lidocaine Mexiletine
Ic Propafenone Flecainide

[l Beta blockers




HF antiarrhytmic drugs

I la Quinidine Dysopiramide Procainamide
Ib Lidocaine Mexiletine
Ic Propafenone Flecainide

[l Beta blockers

W sowel  Amiodarone

AV Ca antagonist




Amiodarone

SCD reduced of 32%

No effect on overall mortality
Proarrhythmia
Toxicity (thyroid 3.2%, lung 1.4%, liver 1.1%)
Discontinuation 10 % (up to 40%)

Indicated in secondary prevention until tolerated

Piccini, EHJ 2009
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Ventricular Tachycardia Ablation versus
Escalation of Antiarrhythmic Drugs

John L. Sapp, M.D., George A. Wells, Ph.D., Ratika Parkash, M.D.,
William G. Stevenson, M.D., Louis Blier, M.D., Jean-Francois Sarrazin, M.D.,
Bernard Thibault, M.D., Lena Rivard, M.D., Lorne Gula, M.D.,

Peter Leong-Sit, M.D., Vidal Essebag, M.D., Ph.D., Pablo B. Nery, M.D.,
Stanley K. Tung, M.D., Jean-Marc Raymond, M.D., Laurence D. Sterns, M.D.,
George D. Veenhuyzen, M.D., Jeff 5. Healey, M.D., Damian Redfearn, M.D.,
Jean-Francois Roux, M.D., and Anthony S.L. Tang, M.D.




Amiodarone: VANISH trial

A Primary Outcome

Escalated therapy

Hazard ratio, 0.72 (95% Cl, 0.53-0.98)
P=0.04
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Years of Follow-up

No. at Risk

Ablation 40

Escalated 25
therapy

Death + Storm + ICD Shock

Sapp N Engl J Med 2016



Conclusions

Standard HF therapy has a very good efficacy against
sudden death, mainly due to ventricular arrhythmias

When standard therapy Is not enough, in secondary
prevention antiarrhytmic drugs may be added
(Amiodarone, Mexiletine for fast VT or, rarely, Sotalol)

When even antiarrhythmic drugs IS not tolerated or
falls to prevent arrhythmic episodes,
Interventional therapy must be considered




