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Methodology and Evidence Review  
The recommendations listed in this guideline are, whenever possible, evidence based. An extensive evidence review was conducted from April through 
September 2016, that included literature published through September 2016. Other selected references published through March 2017 were incorporated by 
the writing committee. Literature included was derived from research involving human subjects, published in English, and indexed in MEDLINE (through 
PubMed), EMBASE, the Cochrane Library, the Agency for Healthcare Research and Quality, and other selected databases relevant to this guideline. Key search 
words included but were not limited to the following: accelerated idioventricular rhythm, advanced cardiac life support,  ambulatory electrocardiography, 
amiodarone, amyloidosis, Antiarrhythmic drugs ARNI ς Angiotensin Receptor-Neprilysin Inhibitor, arrhythmias, arrhythmogenic right ventricular dysplasia, 
atenolol, autonomic modulation, biomarkers, CABG, cardiac, catheter ablation, cardiac arrest, cardiac arrhythmia, cardiac catheterization, cardiac magnetic 
resonance imaging, cardiac sympathetic denervation, cardiac troponin, cardiomyopathy, catecholaminergic polymorphic ventricular tachycardia, carvedilol, 
choice behavior, coronary artery bypass surgery, coronary stent, cryoablation deactivation, decision-making, digoxin toxicity, dilated cardiomyopathy, dilated 
non ischemic cardiomyopathy, disease management, Dor Procedure, drug induced arrhythmia, drug induced long QT, emergency medical services, electrical 
storm, electrocardiography, electrophysiologic study, electrophysiologic techniques, electrophysiological testing, emergency management, end of life, 
endocardiectomy exercise test, CŀōǊȅΩǎ ŘƛǎŜŀǎŜΣ fibrillation, flecainide,heart arrest, heart disease, hemochromatosis, hemodynamically stable ventricular 
tachycardia, holter monitor, hypertrophic, implantable cardiac monitor, incessant, infiltrative heart disease, intervention, lamin a/c left ventricular assist 
device, left ventricular reconstruction, lidocaine, long QT syndrome, loop recorder, LV dysfunction, metoprolol, monomorphic, muscular dystrophies, 
myocardial infarction/therapy, myotonic dystrophy, nadolol, natriuetic peptides, papillary muscle, patient perspective, patient preference, percutaneous 
coronary, polymorphic, Polymorphous Ventricular Tachycardia, premature ventricular contractions, procainamide, propranolol,  pulseless electrical activity, 
PVC induced cardiomyopathy, resting ecg, renal denervation, resuscitation, risk stratification, secondary prevention, shared decision making, sotalol, spinal 
cord stimulation, subcutaneous implantable cardioverter defibrillators, sudden cardiac death, sudden death, syncope, tachycardia, torsades de pointes, vagal 
nerve stimulation ventricular, ventricular arrhythmias, ventricle extrasystole, ventricular fibrillation, ventricular premature complexes, ventricular tachycardia 
 
Abbreviations: 1° indicates primary; 2°, secondary; AAD, antiarrhythmic drugs; ACA, aborted cardiac arrest; ACC, American College of Cardiology; ACHD, adult 
congenital heart disease; ACLS, advanced cardiac life support; ACS, acute coronary syndrome; AF, atrial fibrillation; AHA, American Heart Association; AMI, 
acute myocardial infarction; ARVC, arrhythmogenic right ventricular cardiomyopathy; AS, atrial stenosis; AT, atrial tachyarrhythmias; AV, atrioventricular; 
AVID, antiarrhythmics versus implantable defibrillators; BB, beta blocker; BBB, bundle branch block; BBRVT, bundle branch reentrant ventricular tachycardia; 
BID, two times a day; BNP, brain natriuretic peptide; BP, blood pressure; BrS, Brugada syndrome; CA, cardiac arrest; CABG, coronary artery bypass graft; 
CABG-PATCH, coronary artery bypass graft patch trial; CAD, coronary artery disease; CASH, cardiac arrest study Hamburg; CASS, coronary artery surgery 
study; CE, cardiac event; CHF, congestive heart failure; CHFSTAT, survival trial of antiarrhythmic therapy in congestive heart failure; CI, confidence interval; 
CIBIS II, cardiac insufficiency bisoprolol study II; CIDS, Canadian implantable defibrillator; ICD, cardiovascular implantable electronic device; CMRI, cardiac 
magnetic resonance imaging; COPD, chronic obstructive pulmonary disease; CPR, cardiopulmonary resuscitation; CPVT, catecholaminergic polymorphic 
ventricular tachycardia; CRT, cardiac reshynchronization therapy; CS, carotid sarcoidosis; CT, computed tomography; CV, cardiovascular; CVD, cardiovascular 
disease; CXR, chest x-ray; DCM, dilated cardiomyopathy; DEFINITE, defibrillator in nonischemic cardiomyopathy treatment evaluation; DFT, defibrillation 
threshold; DINAMIT, defibrillator in acute myocardial infarction trial; DM1, myotonic dystrophy 1; DM2, myotonic dystrophy; DYS, dystrophin;ECG, 
electrocardiogram; EDMD2, Emery-Dreifuss muscular dystrophy type 2; EF, ejection fraction; EFFORTLESS S-ICD, evaluation of factors impacting clinical 
outcome and cost effectiveness of the S-ICD; EGM, electorgram EMD, electromechanical dissociation; EP, electrophysiological; EPS, electrophysiological study; 

ERP, effective refractory period; ESRD, end stage renal disease; EURO-VT Study, Euroςventricular tachycardia study; GDMT, guideline-directed 

management and therapy; GFR, glomerular filtration rate; HCM, hypertrophic cardiomyopathy; HELP-VT, heart center of Leipzig VT study; HF, heart failure; 
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HPS, His-Purkinje system; HR, hazard ratio; HTN, hypertension; Hx, history; HV, His Purkinje conduction rate; ICD, implantable cardioverter-defibrillator; ICU, 
intensive care unit; IDCM, idiopathic dilated cardiomyopathy; IDE, investigational device exemption; ILR, implantable loop recorder; IRIS, insulin resistance 
intervention after stroke; IV, intravenous; KM, Kaplan-Meier; LBBB, left bundle branch block; LCSD, left cardiac sympathetic denervation; LGE, late gadolinium 
enhancement; LQTS, long QT syndrome; LV, left ventricle; LVAD, left ventricular assist device; LVEF, left ventricular ejection fraction; LVH, left ventricular 
hypertrophy; LVOT, left ventricular outflow tract; MACE, major adverse cardiac event; MADIT, multicenter automatic defibrillator implantation trial; MAGIC, 
magnesium in coronaries; MD, muscular dystrophy; MI, myocardial infarction; MR, mitral regurgitation; MRI, magnetic resonance imaging; MTWA, microvolt 
T-wave alternans; MUSTT, multicenter unsustained tachycardia trial; N/A, not available; NICM, nonischemic dilated cardiomyopathy; NPV, negative predictive 
value; NS, not significant; NSVT, nonsustained ventricular tachycardia; NYHA, New York Heart Association classification for heart failure; NT-proBNP, N-
terminal pro b-type natriuretic peptide; OHCA, out-of-hospital cardiac arrest; OPTIC, optimal pharmacological therapy in cardioverter defibrillator patients; 
OR, odds ratio; PainFREE Rx II, pacing fast ventricular tachycardia reduces shock therapies; PARADIGM-HF, prospective comparison of ARNI with ACEI to 
determine impact on global mortality and morbidity in heart failure trial; PCI, percutaneous coronary intervention; PE, physical examination; PES, 
programmed electrical stimulation; PM, papillary muscle; PMCD, Perimortem Cesarian Delivery; PMCS, Perimortem Cesarian Section; PMVT, polymorphic 
ventricular tachycardia; PO, per os; PROCAT, Parisian region out of hospital cardiac arrest; PVC, premature ventricular contractions; PVR, pulmonary valve 
replacement; QoL, quality of life; RBB, right bundle branch; RBBB, right bundle branch block; RCSD right cardiac sympathetic denervation; RCT, randomized 
controlled trials; RNA, radionuclide angiography; RR, relative risk; RRR relative risk ratio; RyR2, Ryanodine receptor type 2; S-ICD, subcutaneous implantable 
cardioverter-defibrillator; SAECG, signal averaged ECG; SBP, systolic blood pressure; SCA, sudden cardiac arrest; SCD, sudden cardiac death; SCD-HeFT, sudden 
cardiac death in heart failure trial; SCS, spinal cord stimulation; SHD, structural heart disease; SMASH VT, substrate mapping and ablation in sinus rhythm to 
halt ventricular tachycardia; SND, sinus node dysfunction; SQTS, short QT syndrome; STICH, surgical treatment for ischemic heart failure; STICHES, surgical 
treatment for ischemic heart failure extension study; SVT, supraventricular tachycardia; SYNTAX, synergy between PCI with Taxus and cardiac surgery; TdP, 
torsades de pointes; TIA, transient ischemic attack; TOF, tetralogy of Fallot; VA, ventricular arrhythmias; VALIANT, valsartan in acute myocardial infarction; 
VANISH, ventricular tachycardia ablation versus escalated antiarrhythmic drug therapy in ischemic heart disease; VERP, ventricular effective refractory period; 
VF, ventricular fibrillation; VFL, ventricular flutter; VHD, valvular heart disease; VT, ventricular tachycardia; VTE, ventricular tachyarrhythmic events; and WCD, 
wearable cardiac defibrillator. 
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Data Supplement 1.  Nonrandomized Trials, Observational Studies, and/or Registries for History and Physical Examination ς (Section 4.1) 
Study Acronym; 

Author; 
Year Published 

Study Type/Design; 
Study Size 

Patient Population 1° Endpoint and Results 
(P values; OR or RR;   

& 95% CI) 

Summary/Conclusion 
Comment(s) 

 Ruwald, et al. 2012 
(1) 
 22588456 

 

Study type: 
Retrospective 
observational study 
from a registry cohort 
with matched 
controls. 
 
Size: 127,508 patients 
with first episode of 
syncope.  Each subject 
paired with 5 age and 
sex matched controls. 

Inclusion criteria:   
Patients hospitalized or 
seen in emergency 
department with first 
episode of syncope 
between 1997 and 2009. 
Exclusion criteria:   
Not specified 

1  ̄endpoint:  
Incidence of syncope and 
associations with comorbidities and 
pharmacotherapy 
Results:  
Age distribution peaked at 20, 60, 
and 80 y. Incidence was higher in 
women in all age groups, although 
the peak in the oldest age group 
occurred 5ς7 y earlier in men. CVD 
was present in 28% of the subjects, 
and drug therapy was being used by 
48%. There was an association 
between CVD and admission for 
syncope, inversely related to age - 
0ς29 y (OR: 5.8); 30ς49 y (OR: 4.4); 
50ς79 y (OR: 2.9), and >80 y (OR: 
2.0). Cardiovascular 
pharmacotherapy associated with 
age and risk of syncope was similar. 

 The incidence rates observed are 
higher than previously reported 
and the age distribution of syncope 
is widely different according to 
gender. Syncope is more common 
in females, in the elderly, is 
generally a diagnosis associated 
with considerable comorbidity. 
 The data may be influenced by 

the fact that the study is 
dominated by syncope leading to 
hospitalization and emergency 
department visits. 
 

 Soteriades et al. 
2002 (2)  
 12239256 

Study type: 
Retrospective analysis 
of a prospectively 
enrolled long term 
population cohort 
(Framingham) 
 
Size: 727 patients with 
reported syncope and 
long term follow up 
from a population of 
7814 participants 
(3563 men and 4251 

Inclusion criteria:   
Reported episodes of 
syncope by subjects in 
Framingham study 
population examined 
between 1971 and 1998. 
wŜǇƻǊǘǎ ŎƻŘŜŘ ŀǎ άȅŜǎΣέ 
άƴƻΣέ ƻǊ άƳŀȅōŜΦέ 

 
Exclusion criteria:   
Equivocal reports of 
syncope (N=120), 
participants who had not 

1  ̄endpoint:  
Death from any cause, MI or death 
from coronary heart disease, and 
fatal or nonfatal stroke. 
Results: Overall incidence of a first 
report of syncope was 6.2 per 1000 
person-y, with an increase with 
increasing age, most prominent at 
70 y. Age-adjusted incidence was 7.2 
per 1000 person-y among both men 
and women. Causes among men and 
women were: cardiac causes (13.2% 
and 6.7%), unknown (31.0% 40.7%), 

 Cardiac syncope constitutes a 
high-risk group for morbidity and 
premature mortality from CVD. 
 Patients with unknown cause are 

a mixed group at apparent 
increased risk for death and 
warrant further diagnostic testing. 
 Vasovagal syncope has a benign 

prognosis. 
 
 

https://www.ncbi.nlm.nih.gov/pubmed/22588456
http://www.ncbi.nlm.nih.gov/pubmed/12239256
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women) followed for 
an average of 17 y in 
the outcome analysis. 

had an examination 
within 4 y of the report 
(N=101), syncope due to 
head trauma (N=47), 
incomplete records 
(N=7). 

stroke or TIA (4.3%and 4.0%), 
seizure disorder (7.2% and 3.2%), 
vasovagal (19.8% 22.2%), orthostatic 
(8.6% and 9.9%), medication (6.3% 
ŀƴŘ тΦн҈ύΣ ŀƴŘ άƻǘƘŜǊέ όфΦр҈ ŀƴŘ 
6.1%). Recurrences were reported in 
21.6%).  
There were 847 deaths from all 
causes, 263 MI or deaths from 
coronary heart disease, and 178 
fatal or nonfatal strokes during a 
mean follow-up of 8.6 y (median, 
7.7). Participants with cardiac 
syncope had lower survival than 
those without syncope. 

 Middlekauff et al. 
1993 (3) 
 8417050 

Study type: 
Retrospective analysis 
of a consecutive 
patient cohort  
 
Size: 491 patients 

Inclusion criteria:   
Consecutive series of 
patients with advanced 
HF without a Hx of CA 
referred for optimization 
of medical therapy, often 
in conjunction with pre-
transplant evaluation, 
between 1983 and 1991 
 
Exclusion criteria: 
Prior Hx of CA.   

1  ̄endpoint:  
SCD 
 
Results: After a mean follow-up 
of 365+419 d, 165 patients (35%) 
were alive, 148 (30%) had 
undergone heart transplantation, 69 
(14%) had died suddenly, 66 (13%) 
had died of progressive HF, 19 (4%) 
had died of noncardiac or unknown 
causes and 24 (4%) were lost to 
follow-up. All-causes at I y 
was 29% and sudden death was 
15%. All cause mortality was greater 
in patients with syncope 
(65% vs. 25%, p<0.00001). SCD risk 
was significantly greater in patients 
with syncope (45% vs. 12%, p 
<0.00001).  

 Patients with advanced HF and 
syncope are at increased risk of all 
cause mortality, largely associated 
with an increased risk of SCD. 

 

 
 

http://www.ncbi.nlm.nih.gov/pubmed/8417050
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Data Supplement 2. Nonrandomized Trials, Observational Studies, and/or Registries of Noninvasive Evaluation (12-lead ECG, Exercise Testing 
and Electrocardiographic Monitoring) ς (Section 4.2.1) 

Study Acronym; 
Author; 

Year Published 

Study Type/Design; 
Study Size 

Patient Population 1° Endpoint and Results 
(P values; OR or RR;   

& 95% CI) 

Summary/Conclusion 
Comment(s) 

 Steinman et al. 
1989 (4) 
 2915409 

Study type: retrospective 
cohort 
 
Size: 20 patients 

Inclusion criteria: regular 
wide QRS tachycardia in 
conscious adults 
 
Exclusion criteria: 
hemodynamic instability 

1  ̄endpoint: diagnosis of VT 
 
Results: 75% of patients had 
atherosclerotic heart disease, with 
remote MI in 73% 
Diagnosis of VT established in 
17/20 patients, by AV dissociation 
ƻǊ ǘƘŜ ǳǎŜ ƻŦ ²ŜƭƭŜƴǎΩŎǊƛǘŜǊƛŀΦ 9t 
testing in 17 patients confirmed 
the diagnosis of VT in 94%. 
 

 VT is the most common diagnosis 
in adults with stable, wide complex 
tachycardia 

 Brugada et al. 
1991 (5)  
 2022022 

Study type: prospective 
cohort 
 
Size: 554 tachycardias 

Inclusion criteria: ECGs 
with wide QRS (>0.12 s) 
 
Exclusion criteria: AAD 
treatment 

1o endpoint: mechanism 
confirmed by EPS 
 
Results: New criteria had 
sensitivity of 0.987 and specificity 
of 0.965. 

 Absence of RS in all precordial 
leads was highly specific for VT 
 When RS is present in 1 or more 

precordial leads, RS interval of >100 
ms is highly specific for VT 
 Other criteria included AV 

dissociation and morphology in leads 
V1-2 and V6 

 Wellens HJ et 
al. 1978 (6) 

 623134 

Study type: Prospective 
cohort 
 
Size: 140 ECGs, 70 of 
sustained VT and 70 SVT 
with aberrancy, in 122 
patients 

Inclusion criteria: 
Diagnosis confirmed by 
His bundle ECG recording 
 
Exclusion criteria: Atrial 
fibrillation or flutter in 
patients with SVT 

1o endpoint: development of 
algorithm for differentiation of VT 
from SVT 
 
Results: Findings suggestive of VT: 
QRS >0.14 s; left axis deviation; 
QRS morphology; AV dissociation 

 Capture or fusion beats seen only 
infrequently 

 9ƭƘŜƴŘȅ Ŝǘ ŀƭΦ 
2002 (7) 
 12106835 

 

Study type:  retrospective 
cohort analysis  
 
Size: 1460 

Inclusion criteria:  
intermediate pre-test 
probability of CAD 
 
Exclusion criteria:  Hx of 
MI or revascularization, 

1  ̄endpoint:  cardiac death or 
nonfatal MI 
 
Results:  Exercise-induced VA 
occurred in 146 patients (10%). 

 пм ǇŀǘƛŜƴǘǎ had NSVT. 
 {ǘǳŘȅ ǿŀǎ ŀƛƳŜŘ ƳƻǊŜ ŀǘ ƛǎŎƘŜƳƛŎ 

outcomes than arrhythmias. 
 

https://www.ncbi.nlm.nih.gov/pubmed/?term=2915409
https://www.ncbi.nlm.nih.gov/pubmed/?term=2022022
https://www.ncbi.nlm.nih.gov/pubmed/?term=623134
http://www.ncbi.nlm.nih.gov/pubmed/12106835
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CAD documented on 
angiography, or LBBB 

During follow-up (median 2.7 y), 1° 
endpoint occurred in 36 patients. 
In multivariate analysis, 
independent predictors of cardiac 
events were exercise-induced VA 
(chi-square 4.7, p=0.03) and 
exercise heart rate (chi-square 18, 
p=0.0001). 

 DǊŀŘȅ Ŝǘ ŀƭΦ 
1998 (8) 
 9440667 

 
 

Study type:  retrospective 
matched control cohort 
study 
 
Size:  70 cases and 70 
matched controls 

Inclusion criteria:  
Exercise-induced LBBB 
 
Exclusion criteria: 
preexcitation or 
permanent pacemakers 

1  ̄endpoint:  All-cause mortality, 
PCI, open heart surgery, nonfatal 
MI, documented symptomatic or 
sustained VT, or implantation of a 
permanent pacemaker or an ICD. 
Results:  37 events (28 in LBBB, 9 
in controls) occurred during mean 
3.7 y follow-up 
Adjusted relative risk in LBBB was 
2.78 (95% CI: 1.16ς6.65, p=0.02) 

 9ȄŜǊŎƛǎŜ-induced LBBB predicts a 
higher risk of death and major 
cardiac events. 

 ABCD 
 /ƻǎǘŀƴǘƛƴƛ Ŝǘ ŀƭΦ 

2009 (9) 
 19195603 

 
 

Study type: prospective, 
non-randomized cohort 
 
Size: 566 patients 

Inclusion criteria:  
ischemic 
cardiomyopathy, EF<40%, 
and NSVT 
 
Exclusion criteria:  
unstable CAD, NYHA class 
IV HF, prior CA, sustained 
VA, unexplained syncope; 
recent (<28 d) MI, CABG, 
or PCI; permanent AF; 
taking AAD at baseline 

1  ̄endpoint: appropriate ICD 
discharge or SCD 
 
Results: 39 patients (7.5%) met 
the 1° endpoint after a median 
follow-up of 1.9 y; MTWA had a 
positive predictive value of 9% and 
NPV of 95%, comparable to EPS 
(11% and 95% respectively) 
Event rate with both positive 
MTWA and EPS was 12%, vs. 2% 
with both negative (p=0.017) 

 /ƻƳōƛƴŀǘƛƻƴ ƻŦ a¢²! ŀƴŘ 9t{ 
identifies a subset of patients most 
likely to benefit from ICD. 
 bŜƎŀǘƛǾŜ ǇǊŜŘƛŎǘƛǾŜ ǾŀƭǳŜ ƛǎ ƴƻǘ 

100%, indicating that a small subset 
of patients may still have events even 
if both tests are negative. 
 

 5Ŝǎŀƛ Ŝǘ ŀƭΦ 
2006 (10) 
 16828632 

 

Study type:   retrospective 
 
Size:  46,933 consecutive 
patients with ECGs 

Inclusion criteria:  
Patients with ECGs at a 
single center 
 
Exclusion criteria:  
preexcitation; BBB or 

1  ̄endpoint:  cardiovascular death 
 
Results:  After adjustment in the 
Cox model for age, gender, and 
heart rate, the QRS duration score 
was a strong independent 
predictor of cardiovascular 

 улм ǇŀǘƛŜƴǘǎ όмΦу҈ύ ƘŀŘ ŀ vw{Ҕмнл 
ms; another 2300 had BBB 
No specific information on 
arrhythmic death 
 

http://www.ncbi.nlm.nih.gov/pubmed/9440667
http://www.ncbi.nlm.nih.gov/pubmed/19195603
http://www.ncbi.nlm.nih.gov/pubmed/16828632
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paced patients 
considered separately 

mortality. For every 10ms increase 
in QRS duration, there was an 18% 
increase in cardiovascular risk. 

 CǊŜŜŘƳŀƴ Ŝǘ ŀƭΦ 
1987 (11) 
 3597997 

 

Study type: retrospective 
 
Size:  15,609 patients from 
the CASS study (Coronary 
Artery Surgery Study); 522 
with BBB 

Inclusion criteria: All 
patients from CASS; BBB 
patients compared to 
those without 
 
Exclusion criteria:  
preexcitation, ventricular 
pacing, nonspecific IVCD, 
previous myocardial 
surgery 

1  ̄endpoint: mortality 
 
Results: LBBB associated with 5-
fold greater mortality; RBBB 2-fold 
greater mortality (p<0.0001 for 
both) 
 

 aŜŀƴ 9C ƛƴ [... ǇŀǘƛŜƴǘǎ пл҈ vs. 
49% in RBBB and 57% in patients 
without BBB 
 
 

 Baldasseroni et 
al. 2002 (12)  
 11868043 

 

Study type: retrospective 
analysis of outpatient 
registry 
 
Size: 5517 patients 

Inclusion criteria:  
unselected outpatients 
with HF 
 
Exclusion criteria: N/A 

1  ̄endpoint: mortality 
 
Results: LBBB was present in 1391 
patients (25.2%) and was 
associated with an increased 1y 
mortality rate from any cause (HR 
1.70; 95% CI: 1.41ς2.05) and 
sudden death (HR: 1.58; 95% CI: 
1.21ς2.06). 
 

 [... Lǎ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ƘƛƎƘŜǊ 
mortality in CHF 
 

 MUSTT  
 ½ƛmetbaum et 

al. 2004 (13) 
 15289365 

 
 

Study type:  retrospective 
substudy 
 
Size: 431  

Inclusion criteria: CAD, 
EF<40%, NSVT 
 
Exclusion criteria: 
treatment with AAD or an 
ICD 

1  ̄endpoint: CA or arrhythmic 
death 
 
Results: LBBB and intraventricular 
conduction delay were associated 
with a 50% increase in the risk of 
both arrhythmic and total 
mortality. RBBB was not 
associated with arrhythmic or total 
mortality. LVH was the only ECG 
predictor of arrhythmic (HR 1.35; 
95% CI: 1.08ς1.69) but not total 
mortality. 
 

 [ƛƪŜƭȅ ǊŜŦƭŜŎǘǎ ǘƘŜ ŜŦŦŜŎǘ ƻŦ 
ventricular dyssynchrony 
 

http://www.ncbi.nlm.nih.gov/pubmed/3597997
http://www.ncbi.nlm.nih.gov/pubmed/11868043
http://www.ncbi.nlm.nih.gov/pubmed/15289365
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 .ǳȄǘƻƴ Ŝǘ ŀƭΦ 
2005 (14)  
 16022960 

 

Study type:   retrospective 
substudy from PainFREE Rx 
II 
 
Size: 431 patients 

Inclusion criteria: 
patients in the study with 
CAD and a baseline ECG. 
 
Exclusion criteria:  HCM, 
BrS, LQTS 

1  ̄endpoint: recurrence of VT/VF 
 
Results: QRSd was <120 ms in 291 
of 431 (68%) patients (LBBB 65, 
RBBB 48, IVCD 124). Over 12mo 
follow-up, VT/VF occurred in 95 
(22%) patients (22% of patients 
with QRSd <120ms vs. 
23% of patients with QRSd 
>120ms, p=NS). 
 

 QRS duration is not useful in 
predicting recurrent VT/VF. 
 

 MADIT-II 
 aƻƴŀǎǘŜǊƛƻ Ŝǘ 

al. 2013 (15) 
 24028998 

 

Study type: substudy of 
prospective clinical trial 
 
Size: 175 patients 

Inclusion criteria: CAD, EF 
<30% 
 
Exclusion criteria: AF; 
heart rate <80 beats/min 

1  ̄endpoint: appropriate ICD 
therapy and SCD 
 
Results: Neither QTV nor TWA 
predicted SCD. Appropriate ICD 
therapy was predicted by 
combining IAA90 from T wave 
alternans testing and QTVN after 
adjusting for relevant correlates. 
 

 LƴŎǊŜŀǎŜŘ ¢²! ŀƴŘ v¢± ŀǊŜ 
independent predictors of 
appropriate ICD therapy in MADIT-II 
patients with elevated heart rate at 
baseline. 
 

 MASTER 
 /Ƙƻǿ Ŝǘ ŀƭΦ 

2008 (16) 
 18992649 

 

Study type: prospective, 
non-randomized cohort 
study of MTWA testing 
 
Size: 575 patients; all 
received ICDs 

Inclusion criteria: post-
MI, EF<30% 
 
Exclusion criteria: AF or 
atrial flutter, Hx of 
sustained VT/VF or CA, 
MI in past mo, 
revascularization within 3 
mo, class IV CHF, 
advanced 
cerebrovascular disease 

1  ̄endpoint: SCD or appropriate 
ICD therapy 
 
Results: SCD or appropriate ICD 
therapy occurred in 48 of 
361 (13%, 6.3%/y) MTWA non-
negative and 22 of 214 (10%, 
5.0%/y) MTWA negative patients. 
A non-negative 
MTWA test result was not 
associated with 1° endpoint (HR: 
1.26; 95% CI 0.76ς2.09; p=0.37) 
 

 ¢ƻǘŀƭ ƳƻǊǘŀƭƛǘȅ ǿŀǎ ǎƛƎƴƛŦƛŎŀƴǘƭȅ 
increased in MTWA non-negative 
patients (HR: 2.04; 95% CI: 1.10ς
3.78; p=0.02). 
MTWA did not identify patients at a 
higher risk of a VT. 
 

 DǳǇǘŀ Ŝǘ ŀƭΦ 
2012 (17)  
 22424005 

Study type: meta-analysis 
 

Inclusion criteria:  
predominantly prior MI 

1  ̄endpoint: VT events were 
defined as the total and 

 bŜƎŀǘƛǾŜ a¢²! ǊŜǎǳƭǘ ǿƻǳƭŘ 
decrease the annualized risk of VTE 
from 8.85% to 6.37% in MADIT-IIς

http://www.ncbi.nlm.nih.gov/pubmed/16022960
http://www.ncbi.nlm.nih.gov/pubmed/24028998
http://www.ncbi.nlm.nih.gov/pubmed/18992649
http://www.ncbi.nlm.nih.gov/pubmed/22424005
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 Size: 20 prospective cohort 
studies consisting of 5,945 
subjects 
 

or left ventricular 
dysfunction 
 
Exclusion criteria: 
healthy patients; BrS; 
LQTS 

arrhythmic mortality and nonfatal 
sustained or ICD-treated VT 
 
Results: Although there was a 
modest association between 
positive MTWA and VTE (RR: 2.45; 
95% CI:1.58-3.79) and nonnegative 
MTWA and VTE (RR: 3.68; 95% CI: 
2.23ς6.07), test performance was 
poor (positive MTWA: LR+ 1.78, 
[wҍ лΦпоΤ ƴƻƴƴŜƎŀǘƛǾŜ a¢²!Υ [wҌ 
мΦоуΣ [wҍ лΦ56) 

type patients and from 5.91% to 
2.60% in SCD-HeFTςtype patients. 
 5ŜǎǇƛǘŜ ŀ ƳƻŘŜǎǘ ŀǎǎƻŎƛŀǘƛƻƴΣ 

results of spectrally derived MTWA 
testing do not sufficiently modify the 
risk of VTE to change clinical 
decisions 
 

 MADIT-II 
 5ƘŀǊ Ŝǘ ŀƭΦ нллу 

(18) 
 18534364 

 

Study type: substudy of 
randomized clinical trial 
that estimated the 
association of prolonged 
QRSd >140ms with 
arrhythmic outcomes 
 
Size: 1232 patients  

Inclusion criteria: prior 
MI, EF <30% 
 
Exclusion criteria: 
indicated for an ICD; 
NYHA class IV; coronary 
revascularization 
within the preceding 3 
mo; MI within the past 
mo; advanced 
cerebrovascular disease; 
other potentially life-
threatening conditions 
 

1  ̄endpoint: SCD in the medically 
treated arm and SCD or first 
appropriate ICD therapy for rapid 
VT/VF in the ICD-treated arm 
 
Results: In the medically treated 
arm, prolonged QRS was a 
significant independent predictor 
of SCD (HR: 2.12; 95% CI1.20ς3.76, 
p=0.01). In the ICD-treated 
arm, prolonged QRS did not 
predict SCD or rapid VT/VF (HR: 
0.77; 95% CI 0.47ς1.24, p=0.28). 
 

 tǊƻƭƻƴƎŜŘ vw{ ŘƻŜǎ ƴƻǘ ǇǊŜŘƛŎǘ 
SCD/VT/VF in ICD treated patients 
but does predict SCD in medically 
treated patients. 
 

 .ƭƻƻƳŦƛŜƭŘ Ŝǘ 
al. 2004 (19) 
 15451804 

 

Study type: prospective 
cohort 
 
Size:  177 patients 

Inclusion criteria: prior 
MI, EF<30% 
 
Exclusion criteria:  AF or 
atrial flutter; requirement 
for 
ventricular pacing; 
unstable CAD; NYHA class 
IV HF; unable to exercise 
on a bicycle or treadmill 
 

1  ̄endpoint: 2y all-cause mortality 
 
Results: For abnormal MTWA 
compared to normal (negative) 
test, the HR: 4.8; p=0.02; for QRS 
>120ms compared to <120ms, the 
HR for 2y mortality was 1.5 
(p=0.367). The actuarial mortality 
rate was substantially lower 
among patients with normal 
MTWA (3.8%; 95% CI: 0ς9.0) than 

 !ƳƻƴƎ a!5L¢ LLςlike patients, 
MTWA is better than QRS duration at 
identifying a high-risk group; it is also 
better at identifying a low-risk group 
unlikely to benefit from ICD therapy. 
 

http://www.ncbi.nlm.nih.gov/pubmed/18534364
http://www.ncbi.nlm.nih.gov/pubmed/15451804
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the mortality rate in patients with 
a narrow QRS (12.0%; 95% CI: 5.6ς
18.5). 

 Lǳƭƛŀƴƻ Ŝǘ ŀƭΦ 
2002 (20) 
 12075267 

 

Study type: retrospective 
analysis of CHF-STAT 
 
Size: 669 patients   

Inclusion criteria: 
ischemic or nonischemic 
cardiomyopathy, NYHA 
class II-IV, >10 PVCs/h, EF 
<40% 
 
Exclusion criteria: recent 
MI, Hx of ACA, QRS 
>180ms, 
or a QTc >500ms 

1  ̄endpoint: total mortality and 
sudden death 
 
Results: Prolonged QRS (>120 ms) 
was associated with a significant 
increase in mortality (49.3% vs 
34.0%, p=0.0001) and sudden 
death (24.8% vs 17.4%, p=0.0004). 
LBBB was associated with worse 
survival (p=0.006) but not sudden 
death 

 vw{ ǇǊƻƭƻƴƎŀǘƛƻƴ ƛǎ ŀƴ 
independent predictor of both 
increased total mortality and sudden 
death in patients with HF. 
 

 Perez-Rodon, et 
al. 2014 (21) 
 24993462 

 

Study type: Retrospective 
observational study, aimed 
at studying the association 
between specific ECG 
abnormalities and 
mortality in patients with 
syncope from the GESINUR 
study. 
 
Size: 524 patients 
 

Inclusion criteria: 
Patients in the GESINUR 
study who had syncope 
and had available, 
readable ECG and 12 mo 
follow-up data 

1  ̄endpoint: all-cause mortality 
 
Results: Abnormal ECGs in 344 
patients (65.6%).  
33 Patients died during follow-up 
(6.3%): 
- 1 due to SCD 
- Atrial fibrillation (OR: 6.8; 95% 

CI: 2.8ς16.3, p<0.001) 
- intraventricular conduction 

disturbances (OR: 3.8; 95% CI: 
1.7ς8.3; p=0.001),  

- LV hypertrophy ECG criteria 
(OR: 6.3, 95% CI: 1.5ς26.3; 
p=0.011)  

- ventricular pacing (OR 21.8, 
95% CI 4.1ς115.3, P <.001)  

 Although an abnormal ECG in 
patients with syncope is a common 
finding, only the presence of atrial 
fibrillation, intraventricular 
conduction disturbances, left 
ventricular hypertrophy ECG criteria, 
and ventricular pacing is associated 
with 1-year all-cause mortality. 

http://www.ncbi.nlm.nih.gov/pubmed/12075267
http://www.ncbi.nlm.nih.gov/pubmed/24993462
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Data Supplement 3. RCTs Comparing Ambulatory Electrocardiography ς (Section 4.2.2) 
Study Acronym; 

Author;  
Year Published 

Aim of Study; 
Study Type; 

Study Size (N) 

Patient Population Study Intervention  
(# patients) /  

Study Comparator  
(# patients) 

Endpoint Results 
(Absolute Event 

Rates,  
P values; OR or RR; & 

95% CI) 

Relevant 2̄ Endpoint (if any); 
Study Limitations; 

Adverse Events 

 Barrett et al. 
2014 (22) 
 24384108 

 

Aim:  Compare 
Holter to a 14 d 
patch electrode 
 
Study type: Head 
to head 
comparison, 
simultaneous 
 
Size:     
146 pt 

Inclusion criteria:  patients 
for evaluation of cardiac 
arrhythmia 
 
Exclusion criteria:   skin 
allergies, conditions, or 
sensitivities to any of the 
components of 
the adhesive patch 
monitor, receiving or 
anticipated to receive 
pacing or external direct 
current cardioversion, or 
the anticipation of being 
exposed to high-frequency 
surgical equipment during 
the monitoring period 

Intervention: 24 h 
Holter and 14 d 
adhesive patch 
  
Comparator: 
Detection of 
arrhythmia over total 
wear time. 
Any 1 of 6 
arrhythmias, including 
supraventricular 
tachycardia, 
AF/flutt er, pause 
greater than 3s, AV 
block, VT, or 
polymorphic VT/VF. 
 

1  ̄endpoint:  
Adhesive 96, Holter 61 
events (p<0.001) 
 
 

 Prolonged duration 
monitoring for detection of 
arrhythmia events using single 
lead, less-obtrusive,  
Adhesive-patch monitoring 
platforms could replace 
conventional Holter monitoring 
in patients referred for 
ambulatory ECG monitoring. 
 
 
 

 de Asmundis et 
al. 2014 (23) 
 24574492 

 

Aim:  head to 
head comparison 
of 24 h Holter 
and hand held 
patient-activated 
even monitor 
(not loop) 
 
Study type: 
Sequential 
comparison 
(Holter, then 
monitor)    
 

Inclusion criteria:  
Indication for monitor 
(palpitations 92.3%, 
dizziness 7.7%) 
 
Exclusion criteria: 
presence of a pacemaker 
or an ICD, syncope, 
structural heart 
diseases, ECG 
abnormalities, and a Hx of 
documented arrhythmia.  

Intervention: 24 h 
monitor and 15 d 
HeartScan 
  
Comparator: Percent 
diagnosis of symptom-
related arrhythmias    

1  ̄endpoint:  Clinical 
diagnosis for 
symptoms: 
Holter 1.8% 
HeartScan 89% 
(p<0.01) 
 
 

 Longer time and patient-
activated monitor improved 
yield. This was NOT a loop 
recorder 
 
 
 

http://www.ncbi.nlm.nih.gov/pubmed/24384108
http://www.ncbi.nlm.nih.gov/pubmed/24574492
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Size:     
625 

Data Supplement 4. Nonrandomized Trials, Observational Studies, and/or Registries of Ambulatory Monitors ς (Section 4.2.2) 
Study Acronym; 

Author; 
Year Published 

Study Type/Design; 
Study Size 

Patient Population 1° Endpoint and Results 
(P values; OR or RR;   

& 95% CI) 

Summary/Conclusion 
Comment(s) 

 Turakhia et al. 2013 
(24)  
 23672988 

 

Study type:   
observational 
 
Size: 26,751 

Inclusion criteria:  Zio 
placed 
 
Exclusion criteria:  
N/A 

1  ̄endpoint:  evaluated compliance, 
analyzable signal time, interval to 
arrhythmia detection, and diagnostic 
yield of the Zio Patch, 
COMPARED: first 48h with later (mean 
7.6 d) 
 
Results:   
Any arrhythmia: 62.2% vs 43.9% 
Symptomatic arrhythmia: 9.7% vs 4.4% 
VT 187 pt (0.7%) 
PMVT, TdP, VF 6 pt (0.0%) 

 Demonstrates yield and compliance 
with patch monitor although VT/VF 
not a major issue here 
 
 

 Linzer et al. 1990 
(25) 
 2371954 

 
 

 

Study type:   
observational 
 
Size: 57 

Inclusion criteria:  
Syncope with negative 
Holter 
 
Exclusion criteria:  
Patients who had 
undergone EPS 

1  ̄endpoint:  Monitor up to 1 mo with 
Loop 
 
Results:  arrhythmia was the cause of 
symptoms (diagnostic 
yield 25%; 95% CI: 14ς38%). 
VT (1 patient), high grade AV block 
(2 patients), SVT (1 patient), 
asystole or junctional bradycardia from 
neutrally mediated syncope (3 
patients) and normal cardiac 
rhythms (the remaining 7 patients). 

 25% yield for syncope Dx after 
negative Holter 
 VT/VF uncommon (1 pt) 

http://www.ncbi.nlm.nih.gov/pubmed/23672988
http://www.ncbi.nlm.nih.gov/pubmed/2371954
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Data Supplement 5. Nonrandomized Trials, Observational Studies, and/or Registries of Implanted Cardiac Monitors ς (Section 4.2.3) 
Study Acronym; 

Author; 
Year Published 

Study Type/Design; 
Study Size 

Patient Population 1° Endpoint and Results 
(P values; OR or RR;   

& 95% CI) 

Summary/Conclusion 
Comment(s) 

 Turakhia et al. Am J 
Car 2013 (24) 

 23672988 

Study type:   
observational 
 
Size: 26,751 

Inclusion criteria:  Zio placed 
 
Exclusion criteria:  N/A 

1  ̄endpoint:  evaluated 
compliance, analyzable 
signal time, interval to 
arrhythmia detection, and 
diagnostic yield of the Zio 
Patch 
COMPARED: first 48 h with 
later (mean 7.6 d) 
 
Results:   
Any arrhythmia: 62.2% vs 
43.9% 
Symptomatic arrhythmia: 
9.7% vs 4.4% 
VT 187 pt (0.7%) 
PMVT, TdP, VF 6 patients 
(0.0%) 

 5ŜƳƻƴǎǘǊŀǘŜǎ ȅƛŜƭŘ ŀƴŘ ŎƻƳǇƭƛŀƴŎŜ 
with patch monitor although VT/VF 
not a major issue here 
 
 

 CARISMA 
 .ƭƻŎƘ ¢ƘƻƳǎŜƴ Ŝǘ ŀƭΦ 

2010 (26) 
 20837897 

 
 

Study type:   
observational 
 
Size: 
297 participants 

Inclusion criteria:  AMI and 
reduced LVEF 
 
Exclusion criteria:  Refusal; 
inability of the patient to 
participate in the study 
because of other serious 
illness (N=312), 
planned coronary bypass graft 
surgery (N=184), or death 
(N=89). 

1  ̄endpoint:  incidence and 
prognostic significance of 
arrhythmias post MI with 
reduced LVEF 
 
Results:   
Brady and 
ǘŀŎƘȅŀǊǊƘȅǘƘƳƛŀΩǎ ǎŜŜƴ ƛƴ 
137 patients (46%), with 
86% asymptomatic. 13% 
ƛƴŎƛŘŜƴŎŜ ƻŦ b{±¢ όҗмс ōǘǎύΣ 
о҈ ǎǳǎǘŀƛƴŜŘ ±¢ όҗол ǎŜŎύΣ 
о҈ ±C όҗмс ōǘǎύΦ !ƭǎƻ ну҈ 
AF with fast vent response; 
10% high degree AV block; 

 LƴǘŜǊƳƛǘǘŜƴǘ !± ōƭƻŎƪ ǿŀǎ 
associated with άǾŜǊȅ ƘƛƎƘ Ǌƛǎƪ ƻŦ 
ŎŀǊŘƛŀŎ ŘŜŀǘƘέ 
 

https://www.ncbi.nlm.nih.gov/pubmed/23672988
http://www.ncbi.nlm.nih.gov/pubmed/20837897
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7% sinus brady, 5% sinus 
arrest  

 [ƛƴȊŜǊ Ŝǘ ŀƭΦ мффл 
(25) 
 2371954 

 

Study type:   
observational 
 
Size:     
57 participants 

Inclusion criteria:  Syncope 
with negative Holter 
 
Exclusion criteria:  Prior EPS. 

1  ̄endpoint:  Monitor up to 
1 mo with Loop 
 
Results:  arrhythmia was 
the cause of symptoms 
(diagnostic yield 25%; 95% 
CI 14ς38%). VT (1 patient), 
high grade AV block (2 
patients), SVT (1 patient), 
asystole or junctional 
bradycardia from neutrally 
mediated syncope (3 
patients) and normal 
cardiac rhythms (the 
remaining 7 patients). 

 нр҈ ȅƛŜƭŘ ŦƻǊ ǎȅƴŎƻǇŜ ŘƛŀƎƴƻǎƛǎ 
after negative Holter 
 
 

 ±ƻƭƻǎƛƴ Ŝǘ ŀƭΦ нлмо 
(27) 
 23439867 

 

Study type:    
Observational, for 
CareLink monitoring 
service 
Size:     
2190 patients overall 
who transmitted data. 
Also studied induced 
arrhythmias 

Inclusion criteria:   Patients 
who transmitted data studied 
with induced VA at time of 
ICD implant testing. 
 
Exclusion criteria:   Patients 
who did not transmit over 4 
mo period 

1  ̄endpoint:  Evaluate 
tachycardia detection of 
device and software 
 
Results:  15.1% had VT or 
FVT detected, although true 
VT was seen in only 10.4%. 
For induced 1909 
tachycardia episodes 
reviewed. Sensitivity of 
VT/VF was 99.3% 

 {ŜƴǎƛǘƛǾƛǘȅ ƛǎ ƘƛƎƘ όфсΦр҈ ƻǊ ффΦо҈ ƛŦ 
programmed for slower VT. 
 {Ƙƻǿǎ ŜȄŎŜƭƭŜƴǘ ŘŜǘŜŎǘƛƻƴ ƛƴ 

artificial environment. 
 

 YǊŀƘƴ Ŝǘ ŀƭΦ мффф 
(28) 
 9918528 

 

Study type:   
Observational 
 
Size:     
85 

Inclusion criteria:  recurrent 
undiagnosed syncope 
 
Exclusion criteria:  unlikely to 
survive 1y, were unable to 
give informed consent, had a 
previously implanted 
programmable medical 
device, were pregnant, or 

1  ̄endpoint:  Detection of 
arrhythmias related to 
recurrent syncope, with 
prior Holter 
 
Results:  68% had syncope. 
Arrhythmia seen in 42% 
who transmitted rhythm 
during symptoms. 

 5ŜƳƻƴǎǘǊŀǘŜǎ ǳǘƛƭƛǘȅ ƻŦ ƭƻƻǇ 
although no VT/VF seen in this 
relatively small study. 
 
 

http://www.ncbi.nlm.nih.gov/pubmed/2371954
http://www.ncbi.nlm.nih.gov/pubmed/23439867
http://www.ncbi.nlm.nih.gov/pubmed/9918528
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were women of childbearing 
potential not on a reliable 
form of contraception. 

Bradyarrhythmia in 18, 
tachyarrhythmia in 3 (SVT 2, 
AFL 1; no VT/VF) 
 

 {ƻƭōƛŀǘƛ Ŝǘ ŀƭΦ нлмс 
(29) 
 27092427 

  

Study type:   
Systematic review, 
Meta-analysis 
 
Size:     
579 participants in 4 
trials 

Inclusion criteria:  
Unexplained Recurrent 
Syncope, evaluation of loop 
recorder vs no loop recorder 
 
Exclusion criteria:  N/A 

1  ̄endpoint: To assess the 
incidence of mortality, QoL, 
adverse events and costs of 
ILRs vs. conventional 
diagnostic workup in people 
with unexplained syncope 
  
Results:  No difference in 
long-term mortality 
 
2 studies showed trend of 
reduction in syncope 
relapse after diagnosis with 
the ILR 
 
Higher rate of diagnosis (RR: 
0.61; 95% CI: 0.54ς0.68) 

 ¢Ƙƛǎ ŎƻƴŦƛǊƳŜŘ ǘƘŜ ŀŘǾŀƴǘŀƎŜ ƻŦ ǘƘŜ 
ILR in making a diagnosis in 
unexplained syncope, with trend seen 
in reduction of relapse. 
 
 

Data Supplement 6. Nonrandomized Trials, Observational Studies, and/or Registries Comparing Noninvasive Cardiac Assessmentς (Section 
4.2.4) 

Study Acronym; 
Author;  

Year Published 

Aim of Study; 
Study Type; 

Study Size (N) 

Patient Population Study Intervention  
(# patients) /  

Study Comparator  
(# patients) 

Endpoint Results 
(Absolute Event Rates,  
P values; OR or RR; & 

95% CI) 

Relevant 2̄ Endpoint (if 
any); 

Study Limitations; 
Adverse Events 

 VALIANT  
 Solomon et 

al. 2005 (30) 
 15972864 

  

Aim:  To evaluate 
risk and predictors of 
SCD in patients post 
MI with left 
ventricular 
dysfunction and/or 
HF 
 

Inclusion criteria:  
patients with first or 
subsequent MI with HF, 
LV dysfunction, or both 
 
Exclusion criteria:  ICD 
in place prior to 
randomization 

Intervention: 
Analysis of rates of 
SCD. Evaluation of 
EF determined by 
echocardiography 
as well as other 
parameters. 
  

1  ̄endpoint:  The risk of 
sudden death was greatest in 
the first 30 d after MI: 1.4% 
per mo, 95% CI: 1.2%ς1.6% 
and decreased to 0.14% per 
mo 95% CI:  0.11%ς0.18% 
after 2 y after MI.  Patients 

 Each 5% lower LVEF was 
associated with a 21% 
increase in adjusted risk of 
SCD or CA with resuscitation. 
 
 

http://www.ncbi.nlm.nih.gov/pubmed/27092427
http://www.ncbi.nlm.nih.gov/pubmed/15972864
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Study type:   
Observational study 
of patients enrolled 
in a RCT 
 
Size: 14,609 patients 

Comparator:     
N/A 

with LVEF <30% were at the 
greatest risk for SCD 
 
 

 SCD-HEFT  
 Gula et al. 

2008 (31) 
 19033019 

Aim:  To determine 
with baseline 
assessment of EF 
being performed 
using 
echocardiography, 
RNA, or contrast 
angiography 
impacted the 
likelihood of survival. 
 
Study type:  
Observational 
analysis of patients 
enrolled into a RCT 
 
Size: 2,521 patients 

Inclusion criteria:  
Patients with HF, NYHA 
class II-III and LVEF 
Җор҈ 
 
Exclusion criteria:  
Contraindication to 
amiodarone or 1° 
prevention ICD 

Intervention: Type 
of modality to 
evaluate LVEF and 
clinical outcomes. 
  
Comparator:  N/A 

1  ̄endpoint:  Multivariable 
analysis showed that there 
was no significant difference 
in survival between patients 
enrolled based on LVEF 
determined RNA vs. 
echocardiography (HR: 1.06; 
95% CI: 0.88ς1.28), RNA 
Vs. angiography (HR: 1.25; 
95% CI: 0.97ς1.62), or 
echocardiography vs. 
angiography (HR: 1.18; 95% CI: 
0.94ς1.48). 
 
 

 Among HF patients with an 
LVEF between 20% and 35%, 
each 5% increase in LVEF was 
associated with a lower 
mortality risk (HR: 0.81; 95% 
CI: 0.75ς0.88). The findings 
were similar for each initial 
EF imaging modality, with the 
interaction term combining 
imaging method and LVEF in 
the Cox model was NS 
(p=0.71). 
 
 

Data Supplement 7. Nonrandomized Trials, Observational Studies, and/or Registries Comparing Biomarkers ς (Section 4.2.5) 
Study Acronym; 

Author;  
Year Published 

Aim of Study; 
Study Type; 

Study Size (N) 

Patient Population Study Intervention  
(# patients) /  

Study Comparator  
(# patients) 

Endpoint Results 
(Absolute Event Rates,  
P values; OR or RR; & 

95% CI) 

Relevant 2̄ Endpoint (if any); 
Study Limitations; 

Adverse Events 

 Korngold et al. 
2009 (32) 
 19470888 

Aim:  Evaluate 
baseline NT-proBNP 
levels to predict risk 
of SCD in a general 
population of 
women. 
 

Inclusion criteria:  
Women nurses 30ς55 y 
of age 
 
Exclusion criteria:  
Blood sample not 
collected 

Intervention:  NT-
proBNP data at 
baseline. 99 SCD 
cases and 294 
matched controls.   
  
Comparator:  N/A   

1  ̄endpoint:  Relationship 
of NT-proBNP and SCD 
(RR for 1-standard 
deviation increment 1.49; 
95% Cl: 1.09ς2.05; 
p=0.01) 
 

 Women with NT-proBNP 
levels above the cut point of 
389 pg/mL were at increased 
risk of SCD (RR 5.68; 95% CI: 
1.78ς18.2; p=0.003). 
 
 

http://www.ncbi.nlm.nih.gov/pubmed/19033019
http://www.ncbi.nlm.nih.gov/pubmed/19470888
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Study type: Case 
Control 
 
Size:  32,826 women 
with biomarker data 
out of 121,700 
enrolled  

 

 Patton et al. 
2011 (33)  
 21044699 

 

Aim:  Evaluate risk of 
SCD as function of 
baseline NT-proBNP 
in a community 
cohort of older men 
and women 
 
Study type:   Cohort 
study 
 
Size:   5,447 men and 
women 

Inclusion criteria:  Men 
and women 65 y of age 
and older randomly 
selected from 4 
communities 
 
Exclusion criteria:  NT-
proBNP levels not 
available 

Intervention: NT-
proBNP levels were 
analyzed both as a 
continuous 
variable, where the 
natural log of NT-
proBNP was used, 
and as categorized 
into quintiles 
  
Comparator:   N/A 

1  ̄endpoint:  Higher NT-
proBNP levels were 
associated with SCD, with 
an unadjusted HR: 4.2; 
95% CI: 2.9, 6.1; p=0.001 
for the highest vs. lowest 
quintile 
 
 

 NT-proBNP was associated 
with SCD after adjustment for 
clinical characteristics and risk 
factors (age, sex, race, and 
other associated conditions), 
with an adjusted HR for the 
fifth vs. the first quintile of 2.5 
(95% CI: 1.6, 3.8; p=0.001). 
 
 

 Scott et al. 
2009 (34) 
 19789399 

 

Aim:  Evaluate 
whether BNP levels 
can predict SCD and 
VA in patients 
without ICDs 
 
Study type:   Meta-
Analysis of 
Observational 
Studies 
 
Size: 14 studies (6 
studies with 3,543 
patients without ICD 
and 8 studies of 
1,047 patients with 
ICD) 

Inclusion criteria:  
Studies evaluating BNP 
or NT-proBNP levels for 
SCD or VA 
 
Exclusion criteria:  
Overlapping studies 

Intervention: BNP 
and NT-proBNP levels 
evaluated for SCD risk 
in patients without 
ICD or VA risk in 
patients with ICD 
  
Comparator:    N/A 

1  ̄endpoint:  Increased 
BNP or NT-proBNP 
predicted SCD with a RR: 
3.68; 95% CI: 1.90ς7.14 in 
patients without ICDs.  
Increased BNP or NT-
proBNP predicted VA with 
a RR: 2.54; 95% CI: 1.87ς
3.44. 
 

 The risk of SCD associated 
with increased BNP or NT-
proBNP tended to be higher in 
patients with a lower LVEF. 
However, there was not a 
significant interaction between 
BNP level and LVEF on risk 
prediction.  
 
 

http://www.ncbi.nlm.nih.gov/pubmed/21044699
http://www.ncbi.nlm.nih.gov/pubmed/19789399
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 Blangy et al. 
2007 (35)  
 17526509 

  
 

Aim:  Evaluate 
biomarkers on VT 
risk in patients with 
ICD post MI 
 
Study type:   
Observational 
 
Size:  121 men and 
women 

Inclusion criteria:   
Patients with 
spontaneous sustained 
VT post MI receiving 
ICD 
 
Exclusion criteria:   N/A 

Intervention: Serum 
BNP, hs-CRP, and 
procollagen levels 
measures at baseline 
  
Comparator:   N/A 

1  ̄endpoint:  In a 
multivariate analysis, an 
increased serum BNP (OR: 
3.75; 95% CI: 1.46ς9.67), 
an increased hs-CRP (OR: 
3.2; 95% CI: 1.26ς8.10, 
and an increased PINP 
(OR: 3.71; 95% CI: 1.40ς
9.88 were associated with 
a higher VT incidence. 
 
 

 In addition, LVEF <0.35 (OR 
2.19; 95% CI: 1.00ς4.79) was 
associated with a higher VT 
incidence. 
 
 

 HF ACTION 
 Ahmad et al. 

2014 (36) 
 24952693 

  

Aim:  Evaluate 
biomarkers in 
prediction of sudden 
deathand 
progressive HF death 
in patients with HF 
with reduced EF 
 
Study type:   
Observational 
analysis of subjects 
enrolled in a RCT  
 
Size:  813 subjects 

Inclusion criteria:  
NYHA class II to IV 
chronic HF with 
EFҖор҈  
 
Exclusion criteria:  

¶ Biomarker data not 
obtained 

¶ Inability to exercise 

Intervention: NT-
proBNP, galectin-3, 
and ST2 levels were 
assessed at baseline 
in patients enrolled in 
the trial of exercise 
training vs. usual care  
  
Comparator:  N/A 

1  ̄endpoint:  Elevations 
in each biomarker was 
associated with increased 
risk for SCD death in both 
adjusted and unadjusted 
analyses.  
However, increases in the 
biomarkers had stronger 
associations with pump 
failure than SCD. Clinical 
variables along with NT-
proBNP levels were 
predictors sudden cardiac 
death (C statistic: 0.73).  

 NT-proBNP was more 
strongly predictive of pump 
failure (C statistic: 0.87)  
 Addition of ST2 and 

galectin-3 led to improved net 
risk classification of 11% for 
SCD.  
 There was no improvement 

in net risk reclassification for 
pump failure death with ST2 or 
galectin-3 
 
 

 Levine et al. 
2014 (37) 
 24837348 

Aim:  To evaluate 
the ability of BNP or 
NT-proBNP to 
predict VA in 
patients with 1° 
prevention ICDs 
 
Study type:   
Observational 
 
Size: 564 patients  

Inclusion criteria:  BNP 
or NT-proBNP levels 
and 1° prevention ICD 
 
Exclusion criteria:  BNP 
or NT-proBNP not 
available within 12mo 
of ICD implantation. 

Intervention: BNP or 
NT-proBNP levels to 
predict risk of VA  
  
Comparator:     N/A 

1  ̄endpoint:  In 
multivariate analysis NT-
proBNP was associated 
with increased risk of VA 
with HR: 5.75; p<0.001 
and BNP was associated 
with increased risk with 
HR: 3.40; p<0.01. 
 
 

 Quartile analyses showed 
higher relative risk of VA 
compared to the relative risk 
of all-cause mortality for both 
BNP and NT-proBNP. 
 
 

http://www.ncbi.nlm.nih.gov/pubmed/17526509
http://www.ncbi.nlm.nih.gov/pubmed/24952693
http://www.ncbi.nlm.nih.gov/pubmed/24837348
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 Berger et al. 
2002 (38) 
 12021226 

 

Aim:  To evaluate 
role of BNP in 
predicting SCD in 
patients with HF 
ǿƛǘƘ [±9C Җор҈ 
 
Study type:  
Observational 
 
Size: 452 patients 

Inclusion criteria:   
Patients with HF and 
reduced EF with BNP 
level measured at 
baseline 
 
Exclusion criteria:   
Patients with heart 
transplantation or VAD 

Intervention: BNP 
levels at baseline and 
association with 
subsequent SCD 
  
Comparator:    N/A 

1  ̄endpoint:  In 
multivariate analysis, log 
BNP level was the only 
independent predictor of 
sudden death 
 
 

 Using a cutoff point of log 
BNP 2.11 (130 pg/mL), the KM 
sudden deathςfree survival 
rates were significantly higher 
in patients below (99%) 
compared with patients above 
(81%) this cutoff point 
(p=0.0001) 
 
 

 

Data Supplement 8. RCTs Evaluating EP Study for VA ς (Section 4.3.2) 
Study 

Acronym; 
Author;  

Year Published 

Aim of Study; 
Study Type; 

Study Size (N) 

Patient Population Study Intervention  
(# patients) /  

Study Comparator  
(# patients) 

Endpoint Results 
(Absolute Event Rates,  
P values; OR or RR; & 

95% CI) 

Relevant 2̄ Endpoint (if any); 
Study Limitations; 

Adverse Events 

 .ǳȄǘƻƴ !9Σ Ŝǘ 
al. Circ 2002 
(39) 
 12417544 

Aim:  to analyze the 
relationship of EF 
and inducible VA to 
mode of death 
 
Study type: 
Prospective, 
randomized, RCT  
 
Size:  1791 patients 

Inclusion criteria:  CAD, 
EF<40%, and 
asymptomatic, 
unsustained VT 
 
Exclusion criteria:  History 
of syncope, sustained 
VT/VF more 
than 48 h after AMI, 
unsustained VT 
only in the setting of drug-
induced LQTS or AMI or 
that was attributable 
to acute metabolic 
disorders or drug toxicity, 
or symptomatic, 
unsustained VT 

Intervention: AAD 
or ICD for 
inducible patients 
 
Comparator:  EF 
30ς40% vs. <30%   

1  ̄endpoint: 
 ¢ƻǘŀƭ ƳƻǊǘŀƭƛǘȅ ŀƴŘ 

arrhythmic deaths/cardiac 
arrests more common in 
patients with EF <30% 
 !ǊǊƘȅǘƘƳƛŎ ŘŜaths 

similar in patients with EF 
<30% and 30ς40% 
 wŜƭŀǘƛǾŜ ŎƻƴǘǊƛōǳǘƛƻƴ ƻŦ 

arrhythmic deaths to total 
mortality was higher in 
inducible patients (58% of 
deaths vs. 46% of deaths 
in noninducible patients, 
p=0.004 
 

 см҈ ƻŦ ŜǾŜƴǘǎ ǿŜǊŜ 
arrhythmic among inducible 
patients with EF җол҈ ŀƴŘ ƻƴƭȅ 
42% among noninducible 
patients, p=0.002 
 

http://www.ncbi.nlm.nih.gov/pubmed/12021226
https://www.ncbi.nlm.nih.gov/pubmed/12417544
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 MUSTT 
 .ǳȄǘƻƴ !9Σ Ŝǘ 

al NEJM 1999 
(40) 
 10601507 

Aim:  to test the 
usefulness of EPS for 
risk stratification for 
SCD 
 
Study type: 
Prospective, 
randomized, RCT  
 
Size:  704 patients 
with inducible, 
sustained VA 

Inclusion criteria:  CAD, 
EF<40%, and 
asymptomatic, 
unsustained VT 
 
Exclusion criteria:  History 
of syncope, sustained 
VT/VF more 
than 48 h after AMI, 
unsustained VT 
only in the setting of drug-
induced LQTS or AMI or 
that was attributable 
to acute metabolic 
disorders or drug toxicity, 
or symptomatic, 
unsustained VT 

ntervention: AAD 
or ICD 
 
Comparator:  
Patients with 
inducible VT/VF at 
EPS randomized to 
treatment with 
AAD or ICD vs. no 
specific 
antiarrhythmic 
treatment 

1  ̄endpoint:  CA or 
arrhythmic death 
 !ǘ р ȅΣ ƛƴŘǳŎƛōƭŜ 

patients treated with 
AAD/ICD had a 
significantly lower risk of 
arrhythmic death or CA 
(25%) than patients not 
receiving antiarrhythmic 
therapy (32%) (RR: 0.73; 
95% CI: 0.53ς0.99) 
 

 ¢ƘŜ Ǌƛǎƪ ƻŦ ŎŀǊŘƛŀŎ ŀǊǊŜǎǘ ƻǊ 
death from arrhythmia among 
patients who received 
treatment with ICDs was 
significantly lower than that 
among the patients discharged 
without receiving defibrillator 
treatment (RR: 0.24; 95% CI: 
0.13ς0.45; p<0.001). 
 Reduction in 1° endpoint in 

AAD/ICD arm was due to 
reduction in events in patients 
treated with ICDs, not AAD 

 MUSTT 
 Buxton et al. 

2000 (41) 
 10874061 

 

Aim:  to test the 
usefulness of EPS for 
risk stratification for 
SCD 
 
Study type: 
Prospective, 
randomized, RCT  
 
Size:  1750 patients 
(353 inducible; 1397 
noninducible) 

Inclusion criteria:  CAD, EF 
<40%, and asymptomatic, 
unsustained VT 
 
Exclusion criteria:  History 
of syncope, sustained 
VT/VF more 
than 48 h after AMI, 
unsustained VT 
only in the setting of drug-
induced LQTS or AMI or 
that was attributable 
to acute metabolic 
disorders or drug toxicity, 
or symptomatic, 
unsustained VT 

Intervention: EPS 
 
Comparator:  
Inducible VT/VF at 
EPS and not 
treated with AAD 
or ICD compared 
to noninducible 
patients   

1  ̄endpoint:  CA or 
arrhythmic death 
At 2 and 5 y, noninducible 
patients had a 
significantly lower risk of 
arrhythmic death or CA 
(12%, 24%) than inducible 
patients (18%. 32%) 
(adjusted p<0.001).  
Overall mortality at 5 y 
was lower in noninducible 
patients (44% vs. 48%, 
adjusted p=0.005). 
 
Safety endpoint (if 
relevant): N/A  
 

 Patients with ischemic 
cardiomyopathy and 
asymptomatic, unsustained VT 
with inducible VT have a 
significantly greater risk of SCD 
or CA and higher overall 
mortality than similar patients 
who are noninducible 
 
 
 

https://www.ncbi.nlm.nih.gov/pubmed/10601507
http://www.ncbi.nlm.nih.gov/pubmed/10874061
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 MADIT-I 
 Moss et al. 

1996 (42) 
 8960472 

 

Aim:  To evaluate 
whether 
prophylactic ICD, as 
compared with 
conventional 
medical therapy, 
would improve 
survival in a high-risk 
group of patients 
with NSVT, reduced 
LVEF and previous 
MI. 
 
Study type:   
prospective 
multicenter RCT 
 
Size: 196 patients   

Inclusion: Previous MI, 
[±9C Җор҈Σ b{±¢Σ 
inducible VT at EPS that 
was non-suppressed with 
IV procainamide or 
equivalent AAD 
 
Exclusion: previous CA or 
VT causing syncope that 
was not associated with an 
AMI; symptomatic 
hypotension while in a 
stable rhythm; and MI <3 
wk, prior CABG <2 mo or 
PCI <3 mo, as were 
women of childbearing 
age who were not using 
medically prescribed 
contraceptives, patients 
with advanced 
cerebrovascular disease, 
patients with any 
condition other than 
cardiac disease that was 
associated with a reduced 
likelihood of survival for 
the duration of the trial, 
and patients who were 
participating in other 
clinical trials 

Comparator:  
Control (101 
patients) 
 
Intervention:  
ICD (95 patients) 

All-cause mortality: 
Control 32% vs. ICD 13% 
(RRR -59% ARR -19%) 

 In patients with a prior MI, 
low EF who are at high risk for 
VT, prophylactic therapy with 
an ICD leads to improved 
survival as compared with 
conventional medical therapy. 

 SCD-HeFT 
 Bardy et al. 

2005 (43) 
 15659722 

Aim:  Evaluate 
whether 
amiodarone or a 
conservatively 
programmed shock-
only, single-lead ICD 
would decrease the 

Inclusion: NYHA class I-III 
HFΣ [±9CҖор҈ 
 
Exclusion: <18 y, unable to 
give consent 

Intervention 1:  
GDMT plus a ICD 
(829 patients)  
 
Intervention 2: 

All-cause mortality:  
control 36% vs. ICD 29% 
(RRR -23% and ARR -7%) 

 In patients with NYHA class II 
ƻǊ LLL IC ŀƴŘ [±9CҖор҈Σ 
amiodarone has no favorable 
effect on survival, whereas 
single-lead, shock-only ICD 
therapy reduces overall 

http://www.ncbi.nlm.nih.gov/pubmed/8960472
http://www.ncbi.nlm.nih.gov/pubmed/15659722
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risk of death from 
any cause in a broad 
population of 
patients with mild-
to-moderate HF 
 
Study type:   
prospective 
multicenter RCT 
 
Size: 2521 patients   

GDMT plus 
amiodarone (845 
patients) 
 
Comparator 1:  
GDMT plus 
Placebo (847 
patients) 
 
 

mortality. This was the longest 
and largest ICD trial. 

 MADIT-II 
 Moss et al. 

2002 (44)  
 11907286 

 

Aim:  To evaluate 
the benefit of ICD in 
patients with prior 
MI and reduced 
LVEF 
 
Study type:   RCT 
 
Size: 1232 patients   

Inclusion:  Prior MI (>1 
ƳƻύΣ 9C Җол҈ 
 
Exclusion: existing 
indication for ICD; NYHA 
class IV at enrollment; had 
undergone coronary 
revascularization <3 mo; 
MI <30 d, advanced 
cerebrovascular disease, 
childbearing age and not 
using contraceptive, 
presence of any condition 
other than cardiac disease 
that was associated with a 
high likelihood of death 
during the trial, or 
unwilling to provide 
consent 

Comparator: 
Control (490 
patients) 
 
Intervention:  
ICD (742 patients) 
 

All-cause mortality: 
control 22% vs. ICD 16% 
(RRR -28% and ARR -6%) 

 In patients with a prior MI 
and advanced left ventricular 
dysfunction, prophylactic ICD 
improves survival and should be 
considered as a recommended 
therapy. 

  

http://www.ncbi.nlm.nih.gov/pubmed/11907286
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Data Supplement 9. Nonrandomized Trials, Observational Studies, and/or Registries of EP Study for VA - (Section 4.3.2) 
Study Acronym; 

Author; 
Year Published 

Study Type/Design; 
Study Size 

Patient Population 1° Endpoint and Results 
(P values; OR or RR;   

& 95% CI) 

Summary/Conclusion 
Comment(s) 

 Hilfiker et al. 2015 
(45) 
 26131339 

 

Study type: 
prospective cohort 
 
Size: 265 patients 

Inclusion criteria: Patients 
who underwent EPS for SCD 
risk evaluation because of 
structural or functional 
heart disease and/or 
electrical conduction 
abnormality and/or after 
syncope/CA. 
 
Exclusion criteria: Not 
specified 

1  ̄endpoint: SCD or appropriate 
ICD therapy 
 
Results: Sustained VT was 
induced in 125 patients (47.2%) 
and non-sustained VT in 60 
patients (22.6%) 
153 patients (57.7%) underwent 
ICD implantation 
1° endpoint event occurred in 49 
patients (18.5%). 
Cox regression analysis showed 
that both sustained VT during 
EPS (HR: 2.26; 95% CI: 1.22ς4.19, 
p=0.009) and EF<5% (HR: 2.00; 
95% CI: 1.13ς3.54, p=0.018) were 
independent predictors of 1° 
endpoint events. 

 Mixed population of patients 
 EPS identifies patients who are likely 

to have recurrent VA or SCD. 

 Bourke et al. 1991 
(46) 
 1907984 

 

Study type: 
prospective cohort 
 
Size:  1209 patients  

Inclusion criteria: recent 
AMI 
 
Exclusion criteria: early 
recurrence of angina 
requiring treatment; 
spontaneous VT or VF more 
than 48 h after MI; CHF not 
controlled with furosemide; 
significant noncardiac 
disease 

1  ̄endpoint: documented 
sustained VT/VF or witnessed 
sudden death 
 
Results: Sustained monomorphic 
VT was inducible by programmed 
electrical stimulation in 75 
(6.2%). 
14 infarct survivors (19%) with 
inducible VT experienced 
spontaneous VT or VF compared 
with 34 (2.9%) of those without 
inducible VT (p<0.0005). 
 

 EPS predicts VT/VF in follow-up of 
survivors of AMI 
 

http://www.ncbi.nlm.nih.gov/pubmed/26131339
http://www.ncbi.nlm.nih.gov/pubmed/1907984
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 Bailey et al. 2001 
(47) 
 11738292 

 

Study type: meta-
analysis 
 
Size: 4022 post-MI 
patients 

Inclusion criteria: 44 reports 
for which incidence of major 
arrhythmic events and 
predictive accuracy could be 
inferred 
 
Exclusion criteria: N/A 

1  ̄endpoint: sustained VT/VF, 
CA, sudden death 
 
Results: positive EPS had 61.6% 
sensitivity and 84.1% specificity 
2 y probability of event was 
25.5% 
RR 6.6; OR 8.5 
 

 Multiple tests evaluated: SAECG; 
heart rate variability; severe VA on 
ambulatory electrocardiography; EF; 
and EPS.  
 Results for all tests evaluated were 

similar 
 EPS has moderate predictive value for 

life-threatening VA. 

 Schmitt et al. 2001 
(48) 
 11401129 

 

Study type: 
prospective cohort 
 
Size: 98 post-MI 
patients identified 
as high risk by 
noninvasive 
markers   

Inclusion criteria: post-MI 
patents identified as high 
risk by scoring system 
including EF, PVCs, and 
abnormal SAECG 
 
Exclusion criteria: Hx of 
spontaneous sustained VT 

1  ̄endpoint: sudden death, 
symptomatic VT, CA 
 
Results: Patients underwent EPS. 
Event rate was 33% with a 
positive EPS vs. 2.6% (p<0.0001) 
with a negative EPS. 
 

 A subgroup of 96 high-risk patients 
declined  
 EPS. In this non-consent group, 

cardiac mortality (combined sudden 
and nonsudden) was significantly 
higher (log-rank chi-square 9.38 RR 4.7; 
95% CI: 1.6ς13.9, p=0.0022) compared 
to group treated according to results of 
EPS. 
20/21 patients with a positive EPS had 
ICD implanted. 
 

 Brembilla-Perrot et 
al. 2004 (49) 
 15358027 

 

Study type: 
Prospective 
observational 
 
Size: 180 patients 
(119 CAD, group 1; 
61 DCM, group 2) 

Inclusion criteria:  EF<40% 
and syncope 
 
Exclusion criteria:  unstable 
angina; recent AMI; recent 
coronary angioplasty or 
CABG; second- or third-
degree AV block; sustained 
supraventricular or 
ventricular arrhythmia; 
clinical HF not controlled by 
furosemide; uncontrolled 
electrolyte abnormalities; 
significant noncardiac 
disease; or amiodarone 
treatment. 

1  ̄endpoint:  cardiac mortality 
 
Results:  Sustained VT was 
induced in 44 group I patients 
(37%) and 13 group II patients 
(21%); VFL (>270 beats/min) or 
VF was induced in 24 group I 
patients (19%) and 9 group II 
patients (15%) 
VT or VF induction was predictive 
of mortality in CAD and identified 
a group with high cardiac 
mortality (46%), compared with 
patients with a negative study, 
who had a lower mortality (6%; 

 EPS may be useful to determine 
mechanism of syncope in patients with 
ischemic cardiomyopathy. 
 

http://www.ncbi.nlm.nih.gov/pubmed/11738292
http://www.ncbi.nlm.nih.gov/pubmed/11401129
http://www.ncbi.nlm.nih.gov/pubmed/15358027
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p<0.001). Cardiac mortality was 
only correlated with EF in DCM. 

 Bhandari AK Circ 
1985 (50) 
 2856866 

Study type:   
retrospective single 
center 
 
Size: 15 

Inclusion criteria:  LQTS 
with syncope or ACA 
Mean QTc 550 msec 
 
11 control subjects, normal 
QTc 
Exclusion criteria: 
N/A   

1  ̄endpoint:  EP testing in LQTS 
 
Results:  RV and LV EPS, 3 
extrastimuli, with and without 
isuprel 
Rapid polymorphic VT: 40% 
No pt with inducible sustained VT 
or VF 

 Inducibility of nonsust VT did not 
provide prognostic information. 
 EP studies of limited value in 

diagnosis, treatment of LQTS patients. 
 

 Giustetto C EHJ 
2006 (51) 
 16926178  

Study type:   
Retrospective single 
center 
 
Size:    29 

Inclusion criteria:  Short QTc 
Җ340 msec and personal or 
family Hx of CA. 73% males. 
 
Exclusion criteria: N/A   

 

1  ̄endpoint:  outcomes with 
AICD or hydroquinidine 
 
Results: Median age dx 30y (4-
80); 62% symptomatic: syncope 
24%, AF 31%. 34% ACA (10 
patients); 2/10 had CA in infancy. 
In 28% ACA was initial symptom.  
ICD implanted in 14; 10 
hydroquinidine. Median followup 
23 mo (9-49), one pt with 
appropriate ICD shock. No pt on 
hydroquinidine had SCD or 
syncope.   
 
ES 18/29: Ventricular ERP 140-
180 msec. VF induced in 61% 
(11/18); 3/6 with documented VF 
had inducible VF: sensitivity 50%. 
AERP CL 600: 120-180 ms, mean 
157. 

Short QTS may be a cause of SCD in 
infancy 
 Hydroquinidine may be proposed in 

children or patients not suitable for 
AICD 
 PES sensitivity 50% 

 
 

 Mahida S JACC 
2015 (52) 
 25593056 

Study type:   
multicenter 
observational 
 
Size: 81 

Inclusion criteria:   Patients 
with ER and ACA due to VF 
underwent EPS. Mean age 
36 ± 13y. Followup with ICD 
interrogations.  
 

1  ̄endpoint: Inducibility of VF in 
patients with ACA and ER on ECG 
and outcomes. Followup 7±4.9 y  
 
Results:  VF inducible in 22%.  

 EPS not useful to risk stratify patients 
with prior VF arrest and ER 
 

https://www.ncbi.nlm.nih.gov/pubmed/?term=2856866
https://www.ncbi.nlm.nih.gov/pubmed/?term=16926178
https://www.ncbi.nlm.nih.gov/pubmed/?term=25593056
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Exclusion criteria:  N/A   Recurrent VF in 33% of inducible 
VF, vs. 33% of those with non-
inducible VF. p=NS, 0.93.  
VF inducibility did not correlate 
with max J wave amplitude or 
distribution 
 

 Giustetto C JACC 
2011 (53) 

 21798421 

Study type:  
retrospective multi-
center  
 
Size: 53     

Inclusion criteria:  European 
Short QT Registry patients 
with QTc Җ360 msec with Hx 
sudden death, ACA, 
syncope;  
patients with QTc Җ340 
msec included without 
symptoms.  
  
75% males.  
 
Family Hx SCD/CA (11).   
Genotype positive 23% of 
probands:  HERG in 4 
families (N588K in 2, T6181 
in 2; CACNB2b in one family) 
 
Exclusion criteria:  N/A   

1  ̄endpoint: syncope, CA or 
approp ICD shocks SQTS  
 
Results:  Mean Followup 64±27 
mo. Median age 26 y (IQR 17ς
39). 62% symptomatic: 32% with 
ACA (13 patients) or sudden 
death (4), syncope (8), AF (6), 
palpatations (13).  
Age at CA 3 moς62 y. 
 Males:  >90% of CA occurred 
between 14ς40 y.  
Prevalence CA males 35%, 
females 30%.  
AICD in 24, hydroquinidine in 12.  
11/12 with prior CA received ICD: 
2 approp ICD shocks. 58% 
complications of ICD, inapprop 
shocks due to T wave 
oversensing 4/14.  
PES: 28 patients. VERP CL 600-
500: mean 166 msec. AERP 166 
msec. VF induced in 16/28: 3/28 
with prior CA = sensitivity 37%, 
NPVs 58%.  
Overall event rate 3.3%/y: 4.9% 
in patients without AA drugs.  
Asymptomatic patients: 27. ICD 
implanted in 9 due to + family Hx 
or induced VF. Two long term 

 SQTS assoc with SCD in all ages 
 Symptomatic patients have high risk 

of recurrent arrhythmic events 
 Patients treated with Hydroquinidine 

did not have arrhythmic events 
 Asymptomatic patients: no CA/ICD 

shocks.  
 PES not sensitive  

https://www.ncbi.nlm.nih.gov/pubmed/?term=21798421
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quinidine. One syncope; 2 
nonsust VT on ICD.  

 Raczak et al. 2004 
(54) 
 15226627 

 

Study type: 
prospective cohort  
 
Size:  112 patients 

Inclusion criteria:  post-MI 
patients with documented 
VF, sustained VT, or syncope 
and NSVT 
 
Exclusion criteria: AF, SND 
or AV block, insulin-
dependent DM, frequent 
(>5%) ectopic beats 

1  ̄endpoint: appropriate ICD 
shock or sudden or unwitnessed 
death 
 
Results: Sustained VT induced in 
84% and 77% of patients who did 
or did not develop arrhythmia in 
follow-up (p=0.34) 
Baroreflex sensitivity <3.3 
ms/mmHg was only predictor of 
arrhythmia recurrence in 
patients with EF <35% (sensitivity 
79%, specificity 74%, positive and 
NPVs 83% and 68%) 
 

 97 patients had ICDs implanted 
 EPS not useful in predicting 

arrhythmias in follow-up 
 

 AVID 
 Brodsky et al. 2002 

(55) 
 12228785 

 

Study type: 
substudy from 
prospective clinical 
trial 
 
Size:  572 patients 

Inclusion criteria:  patients 
with VF, VT with syncope, or 
sustained VT in the setting 
of LV dysfunction who 
underwent EPS 
 
Exclusion criteria:  N/A 

1  ̄endpoint:  death or recurrent 
VT/VF 
 
Results:  384 (67%) had inducible 
sustained VT or VF. Inducible 
patients were more likely to have 
CAD, previous infarction, and VT 
as their index arrhythmic event. 
Inducibility of VT or VF did not 
predict death or recurrent VT or 
VF. 
 

 EPS is of limited value in patients with 
a Hx of sustained VA. 
 
 

 MADIT II 
 Daubert et al. 2006 

(56) 
 16386671 

 

Study type: 
substudy from 
prospective clinical 
trial 
 
Size:    593 patients 

Inclusion criteria:  Patients 
from MADIT II (previous MI, 
EF<30%) who received ICDs 
and underwent EPS 
 
Exclusion criteria:  control 
patients; ICD patients with 
no EPS 

1  ̄endpoint:  sustained VT/VF 
 
Results:  The 2 y KM event rate 
for VT or VF was 29.4% for 
inducible patients and 25.5% for 
noninducible patients (p=0.280, 
by log-rank analysis). 

 ICD therapy for spontaneous VF was 
less common (p=0.021) in inducible 
patients than in noninducible patients. 
 

http://www.ncbi.nlm.nih.gov/pubmed/15226627
http://www.ncbi.nlm.nih.gov/pubmed/12228785
http://www.ncbi.nlm.nih.gov/pubmed/16386671
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Inducible patients had a greater 
likelihood of experiencing ICD 
therapy for VT than noninducible 
patients (p=0.023). 
 

 ABCD  
 Costantini et al. 

2009 (9)  
 19195603 

 

Study type: 
Prospective cohort; 
patients underwent 
EPS and T wave 
alternans testing; 
ICDs were 
implanted if either 
test was positive 
 
Size: 566 patients 

Inclusion criteria:  ischemic 
cardiomyopathy (EF <40%) 
and NSVT 
 
Exclusion criteria: unstable 
CAD; NYHA class IV; prior 
CA, sustained VT, or 
unexplained syncope; <28 d 
from MI, CABG, or PCI; 
permanent AF; on an AAD. 

1  ̄endpoint:  appropriate ICD 
discharge or sudden death 
 
Results:  39 (7.5%) met the 1° 
end point at 1y 
T wave alternans achieved 1 y 
positive (9%) and negative (95%) 
predictive values comparable to 
EPS (11% and 95%). 
Event rate with both tests 
negative was 2% vs. 12% with 
both tests positive (p=0.017). 

 Both tests somewhat helpful in risk 
stratification, but NPV is not 100% 

 

 DEFINITE 
 Daubert et al. 2009 

(57) 
 19545338 

 

Study type:   
substudy of 
DEFINITE 
 
Size: 204 patients 

Inclusion criteria:  dilated 
cardiomyopathy (EF<35%), 
NSVT or frequent PVCs, and 
NYHA class I-III, randomized 
to ICD arm; noninvasive EPS 
performed through ICD 
 
Exclusion criteria:  NYHA 
class IV or permanent 
pacemaker 

1  ̄endpoint:  appropriate ICD 
therapy for VT/VF or arrhythmic 
death 
 
Results: Inducibility was found in 
29 of 204 patients (VT in 13, VF in 
16). 34.5% of the inducible group 
(10 of 29) experienced ICD 
therapy for VT or VF or 
arrhythmic death vs. 12.0% (21 
of 175) of the noninducible 
patients (HR: 2.60; p=0.014).  
 

 Inducibility of either VT or VF was 
associated with an increased likelihood 
of subsequent ICD therapy for VT or VF. 
 

 Gold et al. 2000 
(58) 
 11127468 

 

Study type: 
prospective, 
multicenter 
 
Size: 215 patients 

Inclusion criteria: patients 
undergoing diagnostic EPS 
who were in sinus rhythm 
and able to do bicycle 
exercise; reasons for EPS 
included syncope, CA, 
sustained VT, SVT 

1  ̄endpoint: SCD, sustained 
VT/VF or appropriate ICD therapy 
 
Results: KM survival analysis of 
the 1° end point showed that T-
wave alternans predicted events 

 Both T-wave alternans testing and 
EPS predicted VT. 
 

http://www.ncbi.nlm.nih.gov/pubmed/19195603
http://www.ncbi.nlm.nih.gov/pubmed/19545338
http://www.ncbi.nlm.nih.gov/pubmed/11127468
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Exclusion criteria: not 
specified 

with a RR:10.9; EPS had a RR: 7.1; 
and SAECG had a RR:  4.5. 
Multivariate analysis of 11 
clinical parameters identified 
only T-wave alternans and EPS as 
independent predictors of 
events. 
 

 Gatzoulis et al. 
2013 (59) 
 23588627 

 

Study type: 
prospective cohort 
 
Size: 158 patients 

Inclusion criteria: 
symptomatic idiopathic 
DCM >6 mo 
 
Exclusion criteria: Hx of 
aborted SCD or sustained 
VT; NYHA class IV; Hx of MI 
or myocarditis; significant 
VHD; hypertrophic or 
restrictive cardiomyopathy; 
alcohol-associated disease; 
cardiac toxicity 

1  ̄endpoint: total mortality and 
appropriate ICD activation 
 
Results: EPS performed in all 
patients; 44 (27.8%) had 
inducible VT/VF. 
ICDs implanted in 41/44 
inducible patients and 28/114 
noninducible patients. 
No difference in mortality 
Inducibility was associated with 
ICD activation events (30/41 
inducible patients (73.2%) vs. 
5/28 noninducible patients 
(17.9%), p=0.001. 

 EPS inducibility of sustained VT/VF is 
predictive of future ICD activation but 
not total mortality in patients with CDM 
 

 

Data Supplement 10. RCTs for Preventing SCD with HF Medications - (Section 5.2) 
Study Acronym; 

Author;  
Year Published 

Aim of Study; 
Study Type; 

Study Size (N) 

Patient Population Study Intervention  
(# patients) /  

Study Comparator  
(# patients) 

Endpoint Results 
(Absolute Event Rates,  
P values; OR or RR; & 

95% CI) 

Relevant 2̄ Endpoint 
(if any); 

Study Limitations; 
Adverse Events 

 CAPRICORN 
 Dargie et al. 2001 

(60) 
 11356434 

 

Study type: RCT 
 
Aim: to test 
whether carvedilol 
added to standard 
AMI care in 

Inclusion criteria: 
Recent MI (3-12 d); EF 
<40% 
 
Exclusion criteria  

Intervention: Carvedilol 
up to 25mg BID 
 
Comparator:    Placebo 
 

1  ̄endpoint:  All-cause 
mortality 12% vs 15%, HR: 
0.77; 95% CI 0.60ς0.98, 
p=0·03). 
 

 BB improve mortality 
post-MI in patients 
with LV dysfunction 
 
 VT/VF significantly 

reduced. 

http://www.ncbi.nlm.nih.gov/pubmed/23588627
http://www.ncbi.nlm.nih.gov/pubmed/11356434?dopt=Citation
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patients with left 
ventricular 
dysfunction would 
improve outcomes. 
 
Size: 1959 
 
 

Uncontrolled HF, 
unstable angina, 
hypotension, 
bradycardia 
 

VT/VF: 3.9% vs. 0.9%. HR: 
0.24; 95% CI 0.11ς0.49; 
p<0.0001. 
 
 
 
 

 
 

 US CARVEDILOL 
 Packer et al.  1996 

(61) 
 8614419 

Study type: RCT 
 
Aim:  To determine 
the effects of 
carvedilol on 
survival and 
hospitalization 
 
Size: 1094 
 
 

Inclusion criteria: 
CHF, LVEF<35% 
 
Exclusion criteria  
Major procedure or 
surgery within 3 mo.  

Intervention: Carvedilol 
Comparator:  Placebo 
 

1  ̄endpoint:  survival and 
hospitalization 
- Mortality: 7.8% vs. 3.2 % 
- SCD 3.8% vs. 1.7% 
 
   
 
 
 

 BB have a large 
effect on all cause and 
SCD mortality. 
 
 

 CIBIS II 
 No Authors listed 

(62) 
 10023943 

Study type: RCT 
 
Aim: To investigate 
the efficacy of 
bisoprolol in 
decreasing all-
cause mortality in 
chronic HF 
 
Size: 2647 
 
 

Inclusion criteria: 
EF <35%, class III, IV, 
standard therapy,  
 
Exclusion criteria  
N/A 

Intervention: Bisoprolol 
 
Comparator: Placebo 
 

1  ̄endpoint:  all-cause 
mortality 
 
CIBIS-II was stopped early, 
All-cause mortality 11.8% vs 
17.3%. p<0.0001.  
 
SCD 3.6% vs 6.3% p=0.0011. 
 
   
 
 

 Bisoprolol reduces 
all-cause mortality and 
mortality from SCD. 
 
 

 MERIT HF 
 Hjalmarson et al. 

(63)2000  
 10714728 

Study type: RCT 
 
Aim: To examine 
the effects of 
metoprolol CR/XL 
on mortality, 

Inclusion criteria: 
NYHA class II to IV, 
EF<40%; optimum 
standard therapy. 
 
Exclusion criteria  

Intervention: 
Metoprolol succinate 
Comparator: Placebo 
 

1  ̄endpoint:  mortality and 
hospitalization (time to 
event). 
 
- All-cause mortality: 34%  
- SCD: 41% RR 

 BB reduce mortality 
in patients with HF.  
 
 
 
 

http://www.ncbi.nlm.nih.gov/pubmed/8614419?dopt=Citation
http://www.ncbi.nlm.nih.gov/pubmed/10023943?dopt=Citation
http://www.ncbi.nlm.nih.gov/pubmed/10714728?dopt=Citation
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hospitalization, 
symptoms, and QoL 
in patients with HF. 
 
Size: 3991 

N/A    
 
 

 V-HEFT-II 
 Cohn et al. 1991 

(64) 
 2057035 

Study type: RCT 
 
Aim: To better 
define vasodilator 
therapy in HF 
 
Size: 804 
 
 

Inclusion criteria: 
NYHA Class II-III 
 
 
 
Exclusion criteria  
N/A 

Intervention: Enalapril 
Comparator: Isosorbide 
Dinitrite 

1  ̄endpoint:  mortality 
 
Mortality 18% vs. 25% 
p=0.016. 
 
SCD: 14% vs. 23%, p<0.05 
favoring enalapril  
 
 
 

 Enalapril in patients 
with HF reduces 
mortality and SCD 
compared to 
Isosorbide Dinitrite 
 
 

 Val-HeFT 
 Cohn et al. 2001 

(65)  
 11759645 

Study type: RCT. 
 
Aim: To explore the 
efficacy of the 
addition of ARB to 
ACE-I therapy.  
 
Size: 5010 
 
 

Inclusion criteria: 
NYHA II, III 
 
Exclusion criteria  
N/A 

Intervention: Valsartan 
(added to ACE-I) 
Comparator: Placebo 
 

1  ̄endpoint:  all-cause 
mortality 
 
Result: no difference in all-
cause mortality.  
 
 
   
 
 

 ARB added to ACE-I 
are not additionally 
helpful 
 
 

 VALIANT 
 Pfeffer et al. 2003 

(66) 
 14610160 

Study type: RCT 
 
Aim: To explore the 
effects of ARB 
added to ACE-I 
therapy.  
 
Size: 14,703 
 
 

Inclusion criteria: 
Post-MI, LVEF<35%.  
Class I or II HF.  
 
Exclusion criteria  
N/A 

Intervention: Valsartan 
160 BID 
Comparator: Valsartan 
80 BD 
 
Both added to enalapril 
 

1  ̄endpoint:  all-cause or CV 
mortality 
 
No difference in either all-
cause or CV related 
mortality 
 
 
   

 !w. ŀŘŘŜd to ACE-I 
are not additionally 
helpful 
 
 

 ELITE  Study type: RCT 
 

Inclusion criteria: Intervention: Losartan 
Comparator: Captopril 

1  ̄endpoint:  tolerability 
measure 

 ARB better than ACE,  

http://www.ncbi.nlm.nih.gov/pubmed/2057035?dopt=Citation
http://www.ncbi.nlm.nih.gov/pubmed/11759645?dopt=Citation
http://www.ncbi.nlm.nih.gov/pubmed/14610160?dopt=Citation
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 Pitt et al. Lancet 
1997 (67)  
 9074572 

 

Aim: To determine 
the relative efficacy 
of ACE vs. ARB in 
HF 
 
Size: 722 
 
 

NYHA II ς IV, EF <40%, 
age >65 y 
Exclusion criteria  
N/A 

  
2° measure: mortality 
 
All-cause mortality 4.8% vs. 
8.7% (p=0.035) 
 
36% relative risk reduction 
in SCD  

 Only ARB trial to 
show a difference in 
SCD. 
 Small trial, 
 Mortality was a 2° 

end-point.   
 
 

 ELITE II 
 Pitt et al. 2000 (68)  
 10821361 

Study type: RCT 
 
Aim: To confirm 
whether losartan is 
superior to 
captopril 
 
Size: 3152 

Inclusion criteria: 
Age >60 y, class II-IV 
HF, EF <40%. 
 
Exclusion criteria  
N/A 

Intervention: Losartan 
Comparator: Captopril 
 

1  ̄endpoint:  all-cause 
mortality and SCD 
 
all-cause mortality (11.7 vs 
10.4%) p=0.16 
or sudden death or 
resuscitated arrests (9.0 vs 
7.3%) p=0.08 

 There were no 
significant differences 
in all-cause mortality or 
sudden death or 
resuscitated arrests 
 
 

RALES 
Pitt et al. 1999 (69) 
 10471456 

Study type:  RCT 
 
Aim:  To explore 
whether a 
mineralocorticoid 
antagonist could 
reduce mortality in 
patients with HF.  
 
Size: 1663 

Inclusion criteria: 
Class III, IV HF, EF 
<35%,  
 
Exclusion criteria  
N/A 

Intervention: 
spironolactone 
 
Comparator: placebo 
 

1  ̄endpoint: all-cause 
mortality 
 
Death: 46% vs. 35%. 
p<0.001 
SCD: 13% vs. 10%, p=0.02 
 
 
 
 

 Spironolactone 
reduced all-cause 
mortality and SCD in 
patients with HF.  

 EPHESUS  
 Pitt et al. 2003 (70) 
 12668699 

Study type: RCT 
 
Aim: To determine 
the effect of 
eplerenone on 
mortality among 
patients with AMI 
and LV dysfunction 
 
Size: 6632 
 

Inclusion criteria:  
3-14 d post-MI 
LVEF <40% 
 
Exclusion criteria  
Creatinine >2.5 

Intervention: 
Eplerenone  
Comparator: Placebo 
 

1  ̄endpoint:  All-cause 
mortality. 
 
Death: 14% vs. 17%. RR 
0.85, p=0.008. 
 
SCD: 5% vs. 6% (p=0.03) 
 
 
Safety endpoint (if 
relevant):   

 Eplerenone reduced 
all-cause and SCD in 
patients with HF 
 
 

https://www.ncbi.nlm.nih.gov/pubmed/?term=9074572
http://www.ncbi.nlm.nih.gov/pubmed/10821361?dopt=Citation
http://www.ncbi.nlm.nih.gov/pubmed/10471456?dopt=Citation
http://www.ncbi.nlm.nih.gov/pubmed/12668699?dopt=Citation
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 Hyperkalemia: 5.5% 
eplerenone vs. 3.9% 
Hypokalemia: 8.4% 
eplerenone vs. 13.1%  
 

 EMPHASIS 
 Zannad et al. 2011 

(71) 
 21073363 

Study type: RCT 
 
Aim: To evaluate 
the effect of 
eplerenone on 
patients with 
chronic systolic HF.  
 
Size: 2737 
 
 

Inclusion criteria: 
Class II HF 
EF <35%  
 
Exclusion criteria  
AMI, NYHA III, IV, GFR 
<30 

Intervention: 
Eplerenone 
 
Comparator: Placebo 
 

1  ̄endpoint:  composite ς 
death and HF hospitalization 
 
1° composite endpoint: 
18.3% vs. 25.9% (p<0.001) 
 
SCD: 4.4% vs. 5.5%, p=0.12 
 
Safety endpoint (if 
relevant):   
Hyperkalemia: 11.8% vs. 
7.2% 

 Significant reduction 
on composite 
endpoint.  Non-
significant reduction in 
SCD. 
 
 

 PARADIGM 
 Desai et al. 2015 

(72) 
 26022006 

Study type: RCT 
 
Aim: 2° analysis of 
the original 
PARADIGM-HF trial 
to explore mode of 
death.  
 
Size: 8399 

Inclusion criteria: 
Class II-IV HF 
EF <40%  
Guideline rec. med 
therapy 
 
Exclusion criteria  
AMI, NYHA III, IV, GFR 
<30 

Intervention: 
Eplerenone 
 
Comparator: Placebo 
 

1  ̄endpoint:  CV death (2° 
analysis exploring mode of 
death) 
 
CV death: HR: 0.80; 95% CI 
0.72ς0.89, p<0.001.  
 
Among CV deaths,  
SCD: HR: 0.80; p=0.008 
 
death due to worsening HF: 
HR: 0.79; p=0.034 

 

 

  

http://www.ncbi.nlm.nih.gov/pubmed/21073363?dopt=Citation
http://www.ncbi.nlm.nih.gov/pubmed/26022006?dopt=Citation


37 
 
© 2017 by the American College of Cardiology Foundation, American Heart Association, Inc., and Heart Rhythm Society 

Data Supplement 11. RCTs and Nonrandomized Trials, Observational Studies, and/or Registries Related to Surgery and Revascularization 
Procedures ς (Section 5.5) 

Study Acronym; 
Author;  

Year Published 

Aim of Study; 
Study Type; 

Study Size (N) 

Patient Population Study Intervention  
(# patients) /  

Study Comparator  
(# patients) 

Endpoint Results 
(Absolute Event Rates,  
P values; OR or RR; & 

95% CI) 

Relevant 2̄ Endpoint (if any); 
Study Limitations; 

Adverse Events 

 STICH 
 /ŀǊǎƻƴ Ŝǘ ŀƭΦ 

2013 (73) 
 24621972 

Aim: Cause of death 
analysis for the 462 
deaths during the 
original follow-up 
period of a median 
of 56 mo of the 
parent trial that 
compared CABG 
plus medical 
therapy to medical 
therapy alone to 
reduce death from 
any cause 
 
Study type:   RCT 
Size:  1212 patients 

Inclusion criteria:  age 
җму ȅΣ /!5 ŀƳŜƴŀōƭŜ ǘƻ 
/!.DΣ ŀƴŘ [±9C Җор҈ 
 
Exclusion criteria:  
left main coronary 
ǎǘŜƴƻǎƛǎ җрл҈ ƻǊ 
Canadian 
Cardiovascular Society 
III-IV angina while 
receiving medical 
therapy 

Intervention: CABG 
(plus medical 
therapy) 
  
Comparator: medical 
therapy alone 

CABG therapy tended to 
reduce cardiovascular 
deaths (HR: 0.83; 95% CI: 
0.68ς1.03; p=0.09) and 
significantly reduced the 
most common modes of 
death: sudden death (HR: 
0.73; 95% CI: 0.54ς0.99; 
p=0.041) and fatal pump 
failure events (HR: 0.64; 
95% CI: 0.41ς1.00; 
p=0.05). Time-dependent 
estimates indicated that 
the protective effect of 
CABG principally occurred 
after 24 mo in both 
categories. 

 

 STICHES 
 ±ŜƭŀȊǉǳŜȊ Ŝǘ 

al. 2016 (74) 
 27040723 

 

Aim: Compare CABG 
plus medical 
therapy to medical 
therapy alone to 
reduce death from 
any cause 
 
Study type: RCT 
 
Size:  1212 patients, 
with 9.8 y median 
followup 

Inclusion criteria:  age 
җму ȅΣ /!5 ŀƳŜƴŀōƭŜ ǘƻ 
/!.DΣ ŀƴŘ [±9C Җор҈ 
 
Exclusion criteria:  
left main coronary 
ǎǘŜƴƻǎƛǎ җрл҈ ƻǊ 
Canadian 
Cardiovascular Society 
III-IV angina while 
receiving medical 
therapy  

Intervention: CABG 
(plus medical 
therapy) 
  
Comparator: medical 
therapy alone 

1  ̄endpoint: lower 
mortality with CABG 
(58.9%) than the medical 
therapy (66.1%) group. 
CABG vs. medical 
therapy, HR: 0.84; 95% CI: 
0.73ς0.97; p=0.02 by log-
rank test.  
 
 

 Cardiac arrest outcomes:   
 {ǳŘŘŜƴκŀǊǊƘȅǘƘƳƛŎ ŘŜŀǘƘ 

116 (19%) CABG, 154 (26%) 
medical therapy 
 ²ƛǘƘƛƴ ол Ř ŀŦǘŜǊ 

randomization 
 CA requiring CPR, 25 (4%) 

CABG and 2 (0.3%) medical 
therapy.   
 
 
 

http://www.ncbi.nlm.nih.gov/pubmed/24621972
http://www.ncbi.nlm.nih.gov/pubmed/27040723
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 AVID Registry 
 /ƻƻƪ Ŝǘ ŀƭΦ 

2002 (75) 
 12040343 

 

Aim: determine 
whether patients 
with CAD who 
underwent 
revascularization 
after a life-
threatening VA have 
improved survival 
rate when 
compared with 
those who did not 
undergo revasc; and 
evaluate the 
interaction of 
revascularization 
with ICD therapy 
 
Study type:   
observational 
 
Size: 3117 patients 
with life-threatening 
VA, of whom 2321 
(77%) had CAD and 
281 (17%) 
underwent CABG 
after the index 
event 

Inclusion criteria: 
Ventricular fibrillation 
or symptomatic VT 
(defined 
as VT with syncope or 
VT with symptoms and 
[±9C ҖлΦпл ώ±¢κ±CϐύΦ 
Also, patients with 
unexplained syncope 
who had inducible and 
symptomatic VT during 
EPS. 

Intervention: 
revascularization; ICD 

Patients who underwent 
revascularization 
had better survival than 
those who did not after 
the index event (HR: 0.67; 
p=0.002). With a mean 
follow-up period of 
24.2±13.5 mo, crude 
death rates (with 95% 
confidence limits) were 
21.4%±4.8% in the 
revascularization group 
and 29.4%±2.0% in the 
medically treated group. 
 
After adjustment, HR 
unchanged at 0.67, 
significance decreased to 
p=0.01. 
 
The association of better 
survival with ICD was 
consistent regardless of 
revascularization status 

 

 aƻƴŘŞǎŜǊǘ Ŝǘ 
al. 2016 (76) 
 26806581 

 

Aim: determine the 
impact of 
revascularization on 
recurrent VA or 
death 
 
Study type:   
observational 
 

Inclusion criteria: LVEF 
җп0%, first clinical 
sustained VA, without 
ACS 

Intervention: 
coronary 
revascularization 

Revascularization was not 
associated with 
significantly lower rate of 
recurrent VA or death 
(multivariable HR: 0.86; 
95% CI 0.60ς1.24, p=0.43) 
regardless of whether 
complete or incomplete 
(HR: 0.65; 95% CI 0.25ς

 

http://www.ncbi.nlm.nih.gov/pubmed/12040343
http://www.ncbi.nlm.nih.gov/pubmed/26806581
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Size:  274 patients, 
mean follow-up 6.2 
y 

1.69, p=0.37) or PCI or 
CABG (HR: 1.02; 95% CI 
0.53ς1.94, p=0.96).  ICD 
associated with 
significantly lower 
mortality (HR: 0.23; 95% 
CI 0.09ς 0.55, p=0.001). 

 bƎŀŀƎŜ Ŝǘ ŀƭΦ 
2008 (77) 
 18355509  

Aim:  assess the 
outcomes in 
patients undergoing 
CABG after ischemic 
VT/VF (after MI, 
with exercise, with 
CA) 
 
Study type:   
observational 
 
Size:  93 patients 
undergoing CABG 

Inclusion criteria: 
patients who 
underwent CABG with 
preceding VT or VF 

Intervention: CABG 
 

Perioperative mortality 
was 6.5%, and 5 y survival 
rate was 88%, 
comparable to patients 
without prior VT/VF.  

 

 9ǾŜǊȅ Ŝǘ ŀƭΦ 
1992 (78) 
 1593036 

Aim: estimate the 
possible effect of 
CABG on the 
subsequent 
outcome of patients 
who have been 
resuscitated from  
CA  
 
Study type:   
observational 
 
Size:  265 patients, 
85 treated with 
CABG, 180 medical 
management,  

Inclusion criteria: 
OHCA survivors, 
neurologically 
recovered, coronary 
disease, no prior CABG 
or other 
revascularization 

 Significant association of 
CABG with lower risk of 
subsequent CA during 
follow-up RR: 0.48; 95% 
CI 0.24ς0.97, p=0.04). 
Also, lower cardiac 
mortality (RR: 0 .65; 95% 
CI 0.39ς1.10, p=0.10). 
  

 

http://www.ncbi.nlm.nih.gov/pubmed/18355509
http://www.ncbi.nlm.nih.gov/pubmed/1593036
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 Ǿŀƴ ŘŜǊ .ǳǊƎ Ŝǘ 
al. 2003 (79) 
 14530201 

Aim: determine 
relation between 
ischemia, viability, 
scar tissue (and 
revascularization), 
and the incidence of 
VA (and survival) in 
patients with CA and 
coronary disease 
Study type:   
observational 
 
Size:  153 patients, 
follow-up up to 3 y 

Inclusion criteria: VA 
CA survivors with CAD 

Intervention: N/A Patients with 
ischemic/viable 
myocardium (N=73) were 
revascularized if possible.  
ICD in 112 (72%) patients. 
15 cardiac deaths 
occurred and 42 (29%) 
patients had recurrent 
VA. Patients with events 
(death or recurrence) 
exhibited more often a 
severely depressed LVEF 
όҖол҈ύΣ ƳƻǊŜ ŜȄǘŜƴǎƛǾŜ 
scar tissue, and less 
ischemic/viable 
myocardium on perfusion 
imaging and 
less frequently 
underwent 
revascularization.  
 
Multivariate analysis 
identified extensive scar 
ǘƛǎǎǳŜ ŀƴŘ [±9C Җол҈ ŀǎ 
the only predictors of 
death/recurrent VA  

 

 PROCAT  
 5ǳƳŀǎ Ŝǘ ŀƭΦ 

2010 (80) 
 20484098 

Aim:  assess 
the effect of an 
invasive strategy for 
patients with OHCA 
on hospital survival. 
 
Study type:   
observational 
 
Size:  435 patients 
treated with an 

Inclusion criteria: 
patients with OHCA 
with presumed cardiac 
etiology and with 
coronary angiogram 
performed at admission 

Intervention: 
immediate PCI 
 

At least 1 significant 
coronary lesion was 
found in 304 (70%) 
patients, in 128 (96%) of 
134 patients with ST-
segment elevation, and in 
176 (58%) of 301 patients 
without ST-segment 
elevation. Multivariable 
analysis showed 
successful coronary 

 

http://www.ncbi.nlm.nih.gov/pubmed/14530201
http://www.ncbi.nlm.nih.gov/pubmed/20484098
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immediate coronary 
angiogram at 
admission with 
coronary 
angioplasty if 
possible 

angioplasty to be an 
independent predictor of 
survival, regardless of the 
post resuscitation ECG 
pattern (OR: 2.06; 95% CI: 
1.16ς3.66). 

 PROCAT II 
registry  
 5ǳƳŀǎ Ŝǘ ŀƭΦ 

2016 (81)  
 27131438 

 

Aim:  assess the 
association between 
early PCI and 
favorable outcome 
(cerebral 
performance 
category 1 to 2 at 
discharge) 
 
Study type:   
observational 
 
Size:  695 patients 
treated with an 
immediate coronary 
angiogram at 
admission without 
ST elevation on 
post-resuscitation 
ECG 

Inclusion criteria: 
patients with OHCA 
with presumed cardiac 
etiology and with 
coronary angiogram 
performed at admission 

Intervention: 
immediate PCI 
 

At least 1 significant 
coronary lesion was 
found in 403 of 695 
patients (58%). A PCI was 
performed in 199 of 695 
(29%). A favorable 
outcome was observed in 
87 of 200 (43%) in 
patients with PCI 
compared with 164 of 
495 (33%) in patients 
without PCI (p=0.02). 
After adjustment, PCI was 
associated with a better 
outcome (adjusted OR: 
1.80; 95% CI: 1.09ς2.97,  
p=0.02). 

 

 SYNTAX 
 {ŜǊǊǳȅǎ Ŝǘ ŀƭΦ 

2009 (82) 
 19228612 

Aim: To show PCI is 
noninferior to CABG 
for major adverse 
cardiac or 
cerebrovascular 
event (i.e., death 
from any cause, 
stroke, MI, 
or repeat 
revascularization) 
during 12 mo 

Inclusion criteria: 
previously untreated 
three-vessel or left 
main CAD (or both) 
with stable/unstable 

angina or atypical chest 
pain 
 
Exclusion criteria: 

Intervention: PCI 
with Taxus Express 
paclitaxel-eluting 
stents 
  
Comparator: CABG 

1  ̄endpoint: rates of 
major adverse cardiac or 
cerebrovascular events at 
12 mo were significantly 
higher in the PCI group 
(17.8%, vs. 12.4% for 
CABG; p=0.002) 
 

 At 12 mo, the rates of death 
and MI were similar between 
the 2 groups; stroke was 
significantly more likely to 
occur with CABG (2.2%, vs. 
0.6% with PCI; p=0.003). 

http://www.ncbi.nlm.nih.gov/pubmed/27131438
http://www.ncbi.nlm.nih.gov/pubmed/19228612
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Study type:   RCT 
 
Size:  1800 patients 
with 12 mo follow-
up 
 
 

Previous PCI or CABG, 
AMI, or the need for 
concomitant cardiac 
surgery 

 SYNTAX 
 aƛƭƻƧŜǾƛŎ Ŝǘ ŀƭΦ 

2016 (83) 
 26764065 

Aim: to investigate 
specific causes of 
death, and its 
predictors, after 
revascularization 
for complex CAD in 
patients 
 
Study type:   RCT 
 
Size:  1800 patients 
with 12 mo follow-
up 

 Inclusion criteria: 
previously untreated 3-
vessel or left 
main CAD (or both) 
with stable/unstable 

angina or atypical chest 
pain 
 
Exclusion criteria: 
Previous PCI or CABG, 
AMI, or the need for 
concomitant cardiac 
surgery 

Intervention: PCI 
with Taxus Express 
paclitaxel-eluting 
stents 
  
Comparator: CABG 

1  ̄endpoint:  
97 deaths after CABG and 
123 deaths after PCI 
during a 5 y followup.  
After CABG, 49.4% of 
deaths were 
cardiovascular, with the 
greatest cause being 
heart failure, arrhythmia, 
or other causes (24.6%). 
After PCI, the majority of 
deaths were 
cardiovascular (67.5%) 
and as a result of MI 
(29.3%).  
Treatment with PCI vs. 
CABG was an 
independent predictor of 
cardiac death (HR: 1.55; 
95% CI: 1.09ς2.33; p = 
0.045).  

 {/5Υ нп όнΦу҈ύ ǿƛǘƘ t/LΣ мр 
(1.9%) with CABG, HR: 1.61; 
95% CI: 0.83ς3.11, p=0.16. 

 

 SCD-HeFT 
 !ƭ-Khatib et al. 

2008 (84) 
 18479330 

Aim: examine the 
effect of the ICD on 
the outcomes of 
patients with prior 
coronary 
revascularization 
enrolled in SCD-
HeFT 

Inclusion criteria: 
Overall SCD-HeFT, 
NYHA class II or III CHF 
symptoms and a LVEF 
Җор҈ ŘǳŜ ǘƻ ƛǎŎƘŜƳƛŎ 
or nonischemic heart 
disease. 

Intervention: ICD 
  
Comparator: no ICD 

There was no significant 
difference in ICD benefit 
across the 
revascularization 
subgroups (all p>0.1). 
There was a trend toward 
improved survival with an 
ICD in patients who had 

 

http://www.ncbi.nlm.nih.gov/pubmed/26764065
http://www.ncbi.nlm.nih.gov/pubmed/18479330
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Study type:   RCT 
 
Size:  of the 882 
patients who met 
these inclusion 
criteria, 255 (29%) 
had no prior 
revascularization, 
178 (20%) had prior 
PCI only, 284 (32%) 
had prior CABG only, 
and 165 (19%) had 
prior PCI and CABG. 

This substudy, patients 
with ischemic heart 
disease who were not 
randomized to 
amiodarone (N= 884) 
and who had complete 
revascularization data 
(revascularization 
data were missing on 2 
patients). 

their CABG >2 y before 
randomization (HR: 0.71; 
95% CI: 0.49ς1.04) that 
was not observed in 
patients who had their 
CABG Җ2 y before 
randomization (HR:1.40; 
95% CI: 0.61ς3.24) 

 bŀƎŜƘ Ŝǘ ŀƭΦ 
2014 (85) 
 25146702 

Aim: assess the role 
of ICD in cardiac 
surgery patients 
with perioperative 
resuscitated VA 
arrest  
<3 mo post 
revascularization, 
and the role of ICDs 
in 
patients who had 
revascularization 
after SCD 
 
Study type:   
observational, 
evaluating total 
mortality and/or 
appropriate ICD 
therapy 
 
Size:  164 patients 
had cardiac surgery 

Inclusion criteria: 
cardiac surgery and ICD 
within 3 mo 

Overall group rates The 1° endpoint of total 
mortality and appropriate 
shocks were observed in 
52 
35 (38%) and 28 (30%) of 
patients, respectively 
 
Conclusion was that 
recurrent VA are not 
prevented by CABG 

 

http://www.ncbi.nlm.nih.gov/pubmed/25146702
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and ICD within 3 
mo; 93/164 had an 
ICD for sustained 
pre- or 
postoperative VT or 
fibrillation requiring 
resuscitation, mean 
follow-up 49 mo 

Data Supplement 12. Nonrandomized Trials, Observational Studies, and/or Registries of Arrhythmic Surgery and Revascularization for 
Arrhythmia Management ς (Section 5.5.1) 

Study Acronym; 
Author; 

Year Published 

Study Type/Design; 
Study Size 

Patient Population 1° Endpoint and Results 
(P values; OR or RR;   

& 95% CI) 

Relevant 2̄ Endpoint (if any); 
Study Limitations; 

Adverse Events 

 Kumar et al. 2015 
(86) 
 25925229 

 

Aim: To characterized 
the reasons for VT 
ablation failure and 
describe alternative 
interventional 
procedures. 
 
Study type:   Single 
center experience 
 
Size:    62 

Inclusion criteria:  Sixty-
seven patients with VT 
refractory to 4±2 AAD and 
2±1 previous 
endocardial/epicardial 
catheter ablation 
attempts underwent 
transcoronary ethanol 
ablation, surgical 
epicardial window (Epi-
window), or surgical 
cryoablation 

 
 

Exclusion criteria:  N/A 

1  ̄endpoint:  abolishment of 
at least 1 inducible VT, 
complete success, partial 
success (abolishment of at 
least 1 spontaneous VT), and 
failure (residual inducibility of 
spontaneous VT). 
 
Results:  Transcoronary 
ethanol ablation alone was 
attempted in 37 patients, OR-
Cryo alone in 21 patients, and 
a combination of 
transcoronary ethanol 
ablation and OR-Cryo (5 
patients), or transcoronary 
ethanol ablation and Epi-
window (4 patients), in the 
remainder. Overall, 
alternative interventional 
procedures ŀōƻƭƛǎƘŜŘ җм 
inducible VT and terminated 

 The conclusion was that a 
collaborative strategy of alternative 
interventional procedures offers the 
possibility of achieving arrhythmia 
control in high-risk patients with VT that 
is otherwise uncontrollable with AAD 
and standard percutaneous catheter 
ablation techniques. 

http://www.ncbi.nlm.nih.gov/pubmed/25925229
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storm in 69% and 74% of 
patients, respectively, 
although 25% of patients had 
at least 1 complication. By 6 
mo post procedures, there 
was a significant reduction in 
ICD shocks (from a median of 
8/mo to 1; p<0.001) and AAD 
requirement although 55% of 
patients had at least 1 VT 
recurrence, and mortality was 
17%. 

 Anter et al. 2011 (87) 
 21673018 

 

Aim: Evaluate the 
efficacy of 
preoperative 
electroanatomic and 
EP characterization of 
the VT substrate and 
circuit to guide 
surgical ablation in 
patients with NICM 
 
Study type:   Single 
center experience 
 
Size:    62 

Inclusion criteria:  Eight 
patients with recurrent 
sustained VT refractory to 
AAD underwent 
endocardial and/or 
epicardial ablation 
procedures. After the 
unsuccessful 
percutaneous approach, 
surgical cryoablation was 
applied to the sites 
previously identified and 
targeted during the 
percutaneous procedure. 

Exclusion criteria: N/A   

1  ̄endpoint:  Clinical VT and 
ICD shocks  
 
Results:  During a mean 
followup period of 23 ± 6 mo 
(range, 15ς 34 mo), 6 patients 
had significant reduction in 
VT burden as evident by a 
reduced number of ICD 
shocks after ablation (6.6ς0.6 
shocks per pt; p=0.026). Two 
patients died, 1 of progressive 
HF and 1 of sepsis. 

¶ The authors concluded that VT 
circuits inaccessible to percutaneous 
ablation techniques are rare but can 
be encountered in patients with 
nonischemic cardiomyopathy. These 
VTs can be successfully targeted by 
surgical cryoablation guided by 
preoperative electroanatomic and 
EP mapping. 

 Bhavani et al. 2007 
(88) 
 18039225 

 
 

Aim: To present 
variety of ablation 
strategies and 
technologies for 
surgical cryoablation 
of VT 
 

Inclusion criteria:  3 
patients who underwent 
succeesful surgical 
cryoablation after 
catheter failed. 

Exclusion criteria: N/A 

 

1  ̄endpoint:  Successful 
elimination of VT 
 
Results:  Case report. The 
specific approach 
(endocardial vs. epicardial, 
beating heart vs. arrested) 
and ablation device must be 

 tŀǘƛŜƴǘ ǿƛǘƘ ƛƴǘǊŀƻǇŜǊŀǘƛǾŜƭȅ /!w¢h 

http://www.ncbi.nlm.nih.gov/pubmed/21673018
http://www.ncbi.nlm.nih.gov/pubmed/18039225
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Study type:   Single 
center experience-
case report 
 
Size:    3 

tailored to the patient's 
anatomy and presentation 

 Sartipy et al. 2006 
(89) 
 16368337 

 
 
 

Aim: The aim of this 
study was to evaluate 
the Dor procedure 
including VT surgery  
 
Study type:   Single 
center experience 
 
Size:    53 

Inclusion criteria:  From 
July 1997 to December 
2003, 53 consecutive 
patients with left 
ventricular aneurysm and 
VT underwent surgical 
ventricular restoration 
including nonguided 
endocardiectomy and 
cryoablation. Twenty-four 
patients had at least 1 
preoperative episode of 
spontaneous VT, and 29 
patients had inducible-
only VT.  

Exclusion criteria:  N/A 

1  ̄endpoint:  Mortality and Vt 
inducible or spontaneous 
 
Results:  Early mortality was 2 
of 53 (3.8%). Mean followup 
was 3.7 y. At 1, 3, and 5 y 
overall actuarial survival was 
94%, 80%, and 59%, 
respectively. Surgical success 
rate in patients with 
preoperative spontaneous VT 
was 91%. Inducible VT was 
found in 5 of 35 patients who 
underwent postoperative 
programmed stimulation. 
There was no arrhythmia-
related late death and there 
was no loss to follow-up. 

 Authors concluded that the Dor 
procedure including endocardiectomy 
and cryoablation yields a very high (90%) 
freedom from spontaneous VT and 
eliminates the need for an ICD in most 
patients 
 YŀǊƻƭƛƴǎƪŀ LƴǎǘƛǘǳǘŜ ƛǎ ŀ ǎǇŜŎƛŀƭƛȊŜŘ 

center. 
 

 Choi et al. 2015 (90) 
 25697752 

 

Aim: The aim is to 
describe surgical 
cryoablation of VA 
from the LVOT region 
inaccessible for 
ablation because of 
epicardial fat or 
overlying coronary 
arteries  
 
Study type:   Single 
center experience 
 
Size:    4 

Inclusion criteria:  During 
the period from March 
2009 to March 2014, 190 
consecutive patients with 
focal VA originating from 
the LVOT underwent 
ablation at Brigham and 
Women's Hospital, 
Boston. The study 
describes 4 patients (2%) 
who underwent surgical 
cryoablation. 
 

1  ̄endpoint:  Patients 
outcomes. 
 
Results:  Surgical cryoablation 
was successful in 3 of the 4 
patients. The 4th patient 
subsequently had successful 
endocardial catheter ablation. 
During a mean followup of 22 
± 16 mo (range 4ς42 mo), all 
patients showed abolition of 
or marked reduction in 
symptomatic VA. However, 1 
patient subsequently required 

 ¢ƘŜ ŀǳǘƘƻǊǎ ŎƻƴŎƭǳded that surgical 
cryoablation is an option for highly 
symptomatic drug-resistant VAs 
emanating from the LVOT region. Yet, 
the procedure is not effective for all 
patients, and coronary injury is a risk. 

http://www.ncbi.nlm.nih.gov/pubmed/16368337
http://www.ncbi.nlm.nih.gov/pubmed/25697752
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Exclusion criteria:  N/A 

percutaneous intervention to 
the LAD; another developed 
progressive left ventricular 
systolic dysfunction caused by 
NICM; and a third patient 
underwent permanent 
pacemaker implantation 
because of complete AV block 
after concomitant aortic valve 
replacement. 

 Patel et al. 2016 (91) 
 26377813 

 
 

Aim: to determine 
effectiveness of hybrid 
surgical epicardial 
mapping and ablation 
at the time to LVAD 
placement 
 
Study type:   Single 
center experience. 
Retrospective review. 
 
Size: 5 

Inclusion criteria:   From 
March 2009 to October 
2012, 5 patients (4 men 
and 1 woman, age range 
52ς73 y) underwent open 
chest EPS and epicardial 

mapping for recurrent VT 

while the heart was 
exposed during the 
period of LVAD 
implantation 
 
Exclusion criteria:  N/A 

Endpoint: post LVAD VA. 
 
Results:  Epicardial mapping 
was considered if patients 
had recurrent VT despite 
failed prior endocardial 
ablation and/or 
electrocardiogram (EKG) 
features of an epicardial exit. 
Activation and/or a substrate 
mapping approach were 
employed during all 
procedures. 3 of 5 patients 
(60%) had acute procedural 
success. In all patients, VT 
was either eliminated or 
significantly reduced with 
epicardial ablation. 1 patient 
had mediastinal bleeding 
delaying sternal closure. 
During a follow-up period of 
363±368 d, 4 patients died 
due to nonarrhythmic causes. 

 Open-chest hybrid epicardial mapping 
and ablation for recurrent VT is feasible 
and can be considered in select patients 
during the period of LVAD implantation. 

 Mulloy et al. 2013 
(92) 
 22520722  

Aim: to determine 
whether 
intraoperative 
cryoablation in select 

Inclusion criteria:  50 
consecutive patients 
undergoing implantation 
of the HeartMate II LVAD 

1  ̄endpoint: post LVAD 
ventricualr arrhythmias. 
 

 Postoperative VA can be minimized by 
preoperative risk assessment and 
intraoperative treatment. Localized 
cryoablation in select patients offers 

http://www.ncbi.nlm.nih.gov/pubmed/26377813
http://www.ncbi.nlm.nih.gov/pubmed/22520722
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patients reduces the 
incidence of 
postoperative VA after 
LVAD. 
 
Study type:   Single 
center experience. 
Retrospective review. 
 
Size: 14 

were examined. 14 of 
these patients had 
recurrent preoperative 
VA. Of those patients with 
recurrent VA, half 
underwent intraoperative 
cryoablation (Cryo: N=7) 
and half did not (NoCryo: 
N=7). 
 
Exclusion criteria:  N/A 

Results:  Compared with 
NoCryo, the Cryo group had 
significantly decreased 
postoperative resource use 
and complications (p<0.05). 
Recurrent postoperative VA 
did not develop in any of the 
Cryo patients (p=0.02). 

promising early feasibility when 
performed during HeartMate II LVAD 
implantation. 
 None of the Cryo patients had 

recurrent postoperative VA compared 
with 4 (57%) of the NoCryo group 
(p=0.02). 

 

Data Supplement 13. RCTs for Autonomic Modulation ς (Section 5.6) 
Study Acronym; 

Author;  
Year Published 

Aim of Study; 
Study Type; 

Study Size (N) 

Patient Population Study Intervention  
(# patients) /  

Study Comparator  
(# patients) 

Endpoint Results 
(Absolute Event Rates,  
P values; OR or RR; & 

95% CI) 

Relevant 2̄ Endpoint (if 
any); 

Study Limitations; 
Adverse Events 

 Schwartz PJ et al. 
1992 (93) 
 

Study type: 
RCT 
 
Aim: To explore the 
influence of BB vs. 
LCSD in patients at 
high risk for SCD. 
 
Size: 144 high risk; 
869 low risk 

Inclusion criteria: 
Patients post-MI (30 
d); High risk (evidence 
of Vfib or Vtach); low 
risk (no evidence of VF 
or VT. 
 
Exclusion criteria  
N/A 

Intervention: High risk: 
1:1:1 BB (oxprenolol) vs. 
LCSD; 
Low risk: BB vs. placebo.  
  
Comparator:    Placebo 
 

1  ̄endpoint:  SCD. 
22 mo 
High Risk: 
Placebo 21.3%  
Oxprenolol 2.7%  
LCSD 3.6% 
 
Low Risk: 
Placebo: 5.2% 
Oxprenolol: 1.6%  

 [CSD may be considered 
as a possible alternative for 
high-risk patients with 
contraindications to BB.  
 
 

 Krittayaphong et al. 
2002 (94) 
 12486439 

Study type: 
RCT 
 
Aim: To determine 
the efficacy of 
atenolol in the 
treatment of 
symptomatic VA 

Inclusion criteria: 
VA with LBBB, inferior 
axis morphology.  
Symptomatic (VA 
disturbed their daily 
activities) 
 
Exclusion criteria  

Intervention: 
Atenolol 50-100mg/day 
 
Comparator:    Placebo 
 

1  ̄endpoint:   
Atenolol significantly 
decreased PVC count 
(p=0.001) and average 
heart rate (p<0.001) 
compared to placebo.  
Both placebo and 

 BB may be useful for 
patients with RVOT and 
symptomatic VA. 
 
 

http://www.ncbi.nlm.nih.gov/pubmed/12486439?dopt=Citation
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from RVOT 
compared with 
placebo 
 
Size: 52 

SHD. atenolol decreased 
symptom frequency.  
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Data Supplement 14. Nonrandomized Trials, Observational Studies, Guidelines, and/or Registries for Autonomic Modulation ς (Section 5.6) 
Study Acronym; 

Author; 
Year Published 

Study Type/Design; 
Study Size 

Patient Population 1° Endpoint and Results 
(P values; OR or RR;   

& 95% CI) 

Summary/Conclusion 
Comment(s) 

 Vaseghi et al. 2014 
(95)  
 24291775 

Study type: 
retrospective chart 
review 
 
Aim: To describe the 
experiences of 
patients with VT storm 
who underwent 
cardiac sympathetic 
denervation. 
 
Size: N= 41 (14 LCSD; 
27 BCSD) 

Inclusion criteria: 
VT storm (>3 events 
requiring treatment in 24 
h) or refractory VA and 
ICD shocks who 
underwent cardiac 
sympathetic denervation 
between April 2009 and 
December 2012. 
 
Exclusion criteria: 
N/A 

1  ̄endpoint:  Survival free of ICD 
shocks. 
 
Results:  

¶ Survival free of ICD shocks: 30% 
in LCSD; 48% in the BCSD. 
(p=0.04) 

 

¶ number of shocks decrease from 
Mean of 19 pre CSD to 2.3 
(p<0.001) 

 Bilateral cardiac sympathetic 
denervation appears better than 
LCSD  
 

 Ajijola et al. 2012 (96) 
 22192676  

Study type: Case 
Series 
 
Aim: To describe the 
experiences of 
patients with bilateral 
cardiac sympathetic 
denervation (or RCSD 
after unsuccessful 
LCSD) 
 
Size: N=6 

Inclusion criteria: 
Patients with ongoing 
VAs with LCSD and 
maximal med therapy 
 
Exclusion criteria: N/A 

1  ̄endpoint:  Reduction in Ventricular 
events 
 
Results:  

¶ Complete response in 4/6  

¶ Partial response in 1/6 

¶ No response in 1/6 (PMVT) 

 Our study suggests that 
patients with incessant VA for 
whom no other therapeutic 
options exist, bilateral cardiac 
sympathetic denervation may be 
beneficial. 
 

 Ukena et al. (97) 
 27364940 

Study type: 
Multicenter (5) Case 
Series 
 
Aim: To describe the 
effect of renal 
denervation on 
refractory VT 

Inclusion criteria: 
CHF; Recurrent VA 
refractory to medications 
and ablation 
 
Exclusion criteria: N/A 

1  ̄endpoint:  Reduction in Ventricular 
events 
 
Results:  
Median VT/VF: 

¶ 4 wk prior =21 

¶ 1 mo post =2 (p=0.004) 

¶ 3 mo post =0 (p=0.006) 

 Renal sympathetic denervation 
appeared safe and was 
associated with a reduction in 
VT/VF events.  

http://www.ncbi.nlm.nih.gov/pubmed/24291775?dopt=Citation
http://www.ncbi.nlm.nih.gov/pubmed/22192676?dopt=Citation
http://www.ncbi.nlm.nih.gov/pubmed/27364940?dopt=Citation
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Size: N=13 

 
No peri-procedural adverse events 
Baseline BP was low but no change in 
BP. 

 Grimaldi et al. 2012 
(98) 
 22877745 

Study type: Case 
Series (from patients 
enrolled in an under-
enrolled RCT ς trial 
was a 2 mo alternating 
on/off design.) 
 
Aim: To describe the 
experiences of 
patients with SCS on 
 
Size: N=2 

Inclusion criteria: 
Patients with CM, ICDs 
and previous VF or 2xVT 
 
Exclusion criteria: N/A 

1  ̄endpoint:  Ventricular arrhythmia 
 
Results:  
Patient 1 had a 75% reduction in VA 
with SCS on 
Patient 2 had a 100% reduction in VA 
with SCS on.  
(These are the authors reports, 
ƴǳƳōŜǊǎ ƛƴ ǘƘŜ ǘŀōƭŜ ŘƻƴΩǘ ǉǳƛǘŜ ŀŘŘ 
to this.  Not sure how the math was 
done) 

 SCS may decrease the rate of 
VA.   

 
 

Data Supplement 15. RCTs Comparing Acute Management of Specific Arrythmias - (Section 6) 
Study Acronym; 

Author;  
Year Published 

Aim of Study; 
Study Type; 

Study Size (N) 

Patient Population Study Intervention  
(# patients) /  

Study Comparator  
(# patients) 

Endpoint Results 
(Absolute Event Rates,  
P values; OR or RR; & 

95% CI) 

Relevant 2̄ Endpoint (if any); 
Study Limitations; 

Adverse Events 

 YǳŘŜƴŎƘǳƪ Ŝǘ 
al. 2016 (99)  
 27043165 

 
 

Aim:  Compare 
amiodarone, 
lidocaine, placebo in 
OHCA with shock-
refractory VF or 
pulseless VT 
 
Study type:   RCT 
double-blind, 
placebo controlled 
 
Size:  3,026 patients 

Inclusion criteria:  18 y 
or older with OHCA and 
shock refractory VF or 
pulseless VT. IV access 
 
Exclusion criteria: 
Already received 
lidocaine or 
amiodarone, 
hypersensitivity to 
these drugs  

Intervention: IV 
amiodarone or 
lidocaine; repeated 
once if VF/VT 
persisted after initial 
dose and repeat 
shocks 
  
Comparator: IV 
normal saline 
repeated once if 
VF/VT persisted after 

1  ̄endpoint: No 
difference in survival to 
hospital discharge: 
amiodarone (24.4%), 
lidocaine (23.7%), 
placebo (21.0%). 
Amiodarone vs. placebo 
3.2% points (95% CI: -0.4ς
7.0; p=0.08); lidocaine vs. 
placebo 2.6% points (95% 
CI: -1.0ς6.3; p=0.16); 
Amiodarone vs. lidocaine 

 bŜǳǊƻƭƻƎƛŎ ƻǳǘŎƻƳŜǎ ǎƛƳƛƭŀǊ 
More amiodarone patients 
required temporary pacing; 
otherwise, no difference in 
drug related adverse events 
 ¢Ǌƛŀƭ Ƴŀȅ ƘŀǾŜ ōŜŜƴ 

underpowered to show 
amiodarone benefit over 
placebo 
 
Note: An editorial (100) 
suggesting use of amiodarone 

http://www.ncbi.nlm.nih.gov/pubmed/22877745?dopt=Citation
http://www.ncbi.nlm.nih.gov/pubmed/?term=27043165
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initial dose and 
repeat shocks 

0.7% points (95% CI: -3.2ς
4.7; p=0.70) 
 
In witnessed arrest, 
survival to hospital 
discharge with 
amiodarone and lidocaine 
was higher than with 
placebo. The absolute risk 
difference for 
amiodarone vs. placebo 
was (5.0 % points, p=0.04) 
and for lidocaine vs. 
placebo was (5.2 % 
points, p=0.05) 

or lidocaine for witnessed 
arrest as there was a significant 
reduction in shocks and fewer 
CPR events in hospital. 
 
 
 

 WŀŎƻōǎ Ŝǘ ŀƭΦ 
2011 (101) 
 21745533 

 
 

Aim:  Compare 
epinephrine with 
normal saline during 
OHCA treated 
following ACLS 
guidelines 
 
Study type: RCT 
double blind, 
placebo controlled   
 
Size:  601 patients 

Inclusion criteria:  Age 
Җму ȅ ǿƛǘƘ hI/!Σ /tw 
started by paramedics 
 
Exclusion criteria:  
Traumatic OHCA 

Intervention: 1 ml 
aliquots of 
epinephrine 1:1000 
following current 
ACLS guidelines 
  
Comparator:  1 ml 
aliquots of 0.9% 
sodium chloride 
following current 
ACLS guidelines  

1  ̄endpoint:  Survival to 
hospital discharge not 
different: 1.9% for 
placebo and 4% for 
epinephrine (OR: 2.2; 95% 
CI: 0.7ς6.3). Return of 
spontaneous circulation 
8.4% for placebo and 
23.5% for epinephrine 
(OR: 3.4; 95% CI: 2.0ς5.6) 
 
 

 9ǇƛƴŜǇƘǊƛƴŜ ƛƳǇǊƻǾŜŘ ǊŜǘǳǊƴ 
to spontaneous circulation but 
not survival to hospital 
discharge 
 [ƛƳƛǘŀǘƛƻƴǎΥ LƴŀŘŜǉǳŀǘŜ 

sample size to access hospital 
survival.   
 vǳŀƭƛǘȅ ƻŦ !/[{ ƴƻǘ 

evaluated 
 !ŘǾŜrse events not listed 

 
 

http://www.ncbi.nlm.nih.gov/pubmed/?term=21745533
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 tƛŎŎƛƴƛ Ŝǘ ŀƭΦ 
2008 (102) 
 19026290 

Aim:  Compare 
outcomes in 
patients with MI and 
sustained VT/VF 
treated or not 
treated with BB 
 
Study type:   
Prospective, 
multicenter registry 
of patients with 
acute MI 
 
Size:  306 patients 
with sustained 
VT/VF 

Inclusion criteria:  
acute MI with sustained 
VT/VF and/or high Killip 
classification 
 
Exclusion criteria: N/A 

Intervention: BB 
within 24 h of MI 
  
Comparator: No BB 

1  ̄endpoint: BB therapy 
within 24 h was 
associated with 
decreased in-hospital 
mortality in patients with 
sustained VT/VF (RR: 
0.28; 95% CI: 0.10ς0.75, 
p=0.013) without 
evidence of worsening HF 
 55.2% of patients with 

sustained VT/VF were 
treated with BB within 24 
h of MI 
 
 

 Sustained VT/VF was a major 
predictor of in-hospital death 
(RR: 4.18; 95% CI: 2.91ς5.93) 
 

 5ƻǊƛŀƴ Ŝǘ ŀƭΦ 
2002 (103) 
 11907287 

 
 

Aim:  Compare IV 
lidocaine with IV 
amiodarone as 
adjunct to 
defibrillation in 
OHCA 
 
Study type: RCT 
placebo controlled 
 
Size:  347 patients 

Inclusion criteria:  Age 
Җму ȅ ǿƛǘƘ hI/! ŘǳŜ ǘƻ 
VF.   
 
Exclusion criteria:  
traumatic, or OHCA 

Intervention: 
Patients randomized 
to IV amiodarone 
plus IV lidocaine 
placebo or IV 
lidocaine plus IV 
amiodarone placebo 
to treat VF resistant 
to 3 shocks, at least 1 
dose of IV 
epinephrine, and 
then 4th shock.  Or, 
recurrent VF after 
successful initial 
shock. 
  
Comparator:  1 ml 
aliquots of 0.9% 
sodium chloride 
following current 
ACLS guidelines 

1  ̄endpoint: Amiodarone 
had higher survival to 
hospital admission than 
lidocaine: 28% with 
amiodarone vs. 12% with 
lidocaine (OR: 2.17; 95% 
CI: 1.21ς3.83; p=0.009). 
Of 42 patients surviving 
to hospital admission, 9 
(5%) survived to hospital 
discharge in the 
amiodarone group and of 
20 initial survivors in the 
lidocaine group, 5 (3%) 
were discharged (p=0.34). 
 
 

 LƴŎǊŜŀǎŜŘ ǎǳǊǾƛǾŀƭ ǿƛǘƘ 
shorter interval from dispatch 
to receiving study drugs. 
 tŀǘƛŜƴǘǎ ǿƛǘƘ ±C ƘŀŘ ōŜǘǘŜǊ 

survival than those with 
asystole or PEA. 
 !ƳƛƻŘŀǊƻƴŜ ŘƛŘ ƴƻǘ ƛƳǇǊƻǾŜ 

survival to hospital discharge 
 [ƛƳƛǘŀǘƛƻƴΥ ƴƻǘ ǇƻǿŜǊŜŘ ǘƻ 

show amiodarone improved 
survival to discharge.  
 bƻ ŀŘǾŜǊǎŜ ŜǾŜƴǘǎ ƴoted. 

 
 
 

https://www.ncbi.nlm.nih.gov/pubmed/?term=19026290
http://www.ncbi.nlm.nih.gov/pubmed/?term=11907287
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 Iŀǎǎŀƴ Ŝǘ ŀƭΦ 
2002 (104)  
 11777881 

 
 

Aim:  IV magnesium 
given early during 
CPR for VF will 
improve survival. 
 
Study type:  RCT, 
double blind, 
placebo controlled  
 
Size:  105 patients 

Inclusion criteria: 
tŀǘƛŜƴǘǎ җму ȅ ǿƛǘƘ 
OHCA and refractory or 
recurrent VF  
 
Exclusion criteria:   
Traumatic OHCA 

Intervention: 
Patients received 2ς4 
g of magnesium 
  
Comparator:  
Placebo  

1  ̄endpoint:  IV 
magnesium did not 
improve survival to 
hospital admission: 17% 
for magnesium and 13% 
for placebo (OR: 1.69; 
95% CI: -10%ς18%) 
 
 

 bƻ ōŜƴŜŦƛǘ ŦǊƻƳ ƳŀƎƴŜǎƛǳƳ 
 [ƛƳƛǘŀǘƛƻƴǎΥ tƻǎǎƛōƭŜ 

inadequate magnesium dose 
 bƻ ŀŘǾŜǊǎŜ ŜŦŦŜŎǘǎ ƭƛsted 

 
 

 MAGIC 
 ¢ƘŜƭ Ŝǘ ŀƭΦ мффт 

(105)  
 9357406 

 
 

Aim:  Determine if 
IV magnesium 
improves return to 
spontaneous 
circulation 
(measurable BP and 
pulse) for 1 h after 
in-hospital CA  
 
Study type: RCT, 
placebo controlled   
 
Size:  156 patients 

Inclusion criteria:  
Adult patients with CA 
in the ICU or hospital 
wards  
 
Exclusion criteria:  
Patients in emergency 
department. Advanced 
heart block, chronic 
renal failure, already on 
magnesium 

Intervention: IV 
magnesium bolus 
followed by a 24 h 
infusion 
  
Comparator:  Normal 
saline  

1  ̄endpoint:  Magnesium 
did not improve return to 
spontaneous circulation: 
54% with magnesium and 
60% with placebo (95% 
CI: 0.41ς0.47; p=0.44) 
 
 

 bƻ ōŜƴŜŦƛǘ ƻŦ ƳŀƎƴŜǎƛǳƳ ŦƻǊ 
survival to 24 h or hospital 
discharge 
 bƻ ŀŘǾŜǊǎŜ ŜŦŦŜŎǘǎ 

 
 

 {ƻƳōŜǊƎ Ŝǘ ŀƭΦ 
2002 (106)  
 12372573 

 
 

Aim: Establish the 
effectiveness of IV 
amiodarone for 
shock resistant VT.    
 
Study type: RCT, 
double-blinded, 
parallel design   
 
Size:  29 patients 

Inclusion criteria:  
Patients with incessant 
(shock resistant) VT not 
treated with prior 
antiarrhythmics 
 
Exclusion criteria:  
Already on AAD 

Intervention: IV 
amiodarone (or IV 
lidocaine) followed 
by a 24 h infusion.  If 
the first medication 
failed to terminate 
VT, patients were 
crossed over to the 
alternative 
medication. 
  
Comparator: 
Lidocaine  

1  ̄endpoint:  
Amiodarone was more 
effective than lidocaine: 
amiodarone terminated 
VT in 78% and lidocaine 
27% (p<0.01).  OR and CI 
not listed. 24 h survival 
39% on amiodarone and 
9% on lidocaine (p<0.01). 
More hypotension with 
lidocaine than 
amiodarone (28% vs. 7%, 

 !ƳƛƻŘŀǊƻƴŜ ǿŀǎ ƳƻǊŜ 
effective than lidocaine for 
terminating VT with improved 
24 h survival. 
 [ƛƳƛǘŀǘƛƻƴǎΥ 5ǊǳƎ ǊŜƭŀǘŜŘ 

hypotension with amiodarone 
less frequent than with 
lidocaine. 
 
 

http://www.ncbi.nlm.nih.gov/pubmed/?term=11777881
http://www.ncbi.nlm.nih.gov/pubmed/?term=9357406
http://www.ncbi.nlm.nih.gov/pubmed/?term=12372573
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p=0.06).  Bradycardia 
equal 

 YǳŘŜƴŎƘǳƪ Ŝǘ 
al. 1999 (107) 
 10486418 

 
 

Aim: Determine if 
amiodarone 
improves the rate of 
successful 
resuscitation after 
OHCA  
 
Study type: RCT, 
double blinded, 
placebo controlled   
 
Size:  504 patients    

Inclusion criteria: 
Patients <18 with OHCA 
due to VF or pulseless 
VT that remained 
ǇǊŜǎŜƴǘ ŀŦǘŜǊ җо ǎƘƻŎƪǎΣ 
with IV access  
 
Exclusion criteria: 
Absence of IV access, 
VF, or pulseless VT  

Intervention: IV 
amiodarone (single 
dose) after receiving 
1 mg epinephrine 
  
Comparator:  
Placebo (polysorbate 
80, dilutant, single 
dose) after receiving 
1 mg epinephrine 

1  ̄endpoint: Amiodarone 
improved survival to 
hospital admission: 44% 
on amiodarone and 34% 
on placebo (OR: 1.6; 95% 
CI: 1.1ς2.4; p=0.02) 
 

 !ƳƛƻŘŀǊƻƴŜ improved 
survival to hospital with no 
difference in duration of 
resuscitation, number of 
shocks, need for other 
antiarrhythmics 
 [ƛƳƛǘŀǘƛƻƴǎΥ ƭŀŎƪ ŦƻǊ ǇƻǿŜǊ ǘƻ 

detect treatment effect on 
survival to hospital discharge 
 aƻǊŜ ƘȅǇƻǘŜƴǎƛƻƴ ǿƛǘƘ 

amiodarone (59% vs. 48%, 
p=0.04) 
 
 

 /ŀƭƭŀƘŀƳ Ŝǘ ŀƭΦ 
1992 (108)  
  1433686 

 
 

Aim: To determine 
the relative efficacy 
of high vs. standard 
dose 
catecholamines in 
initial treatment of 
OHCA  
 
Study type: RCT, 
double blind   
 
Size:  816 patients 

Inclusion criteria:  
Adults with OHCA who 
would receive 
epinephrine by AHA 
ACLS guidelines 
 
Exclusion criteria:  
None listed 

Intervention: High 
dose epinephrine (15 
mg), high dose 
norepinephrine (11 
mg), or standard 
dose epinephrine 
blindly substituted 
for ACLS doses of 
epinephrine  
  
Comparator: 
standard dose 
epinephrine (no 
placebo)  

1  ̄endpoint:  High dose 
epinephrine significantly 
improved the rate of 
return of spontaneous 
circulation: 13% for high 
dose epinephrine, 8% 
receiving standard dose 
epinephrine (p=0.01). 
18% of high dose 
epinephrine and 10% of 
standard dose 
epinephrine patients 
admitted to hospital 
(p=0.02) 
 

 IƛƎƘ ŘƻǎŜ ŜǇƛƴŜǇƘǊƛƴŜ 
improved admission to hospital 
but no difference in dismissal 
from hospital  
 ¢ǊŜƴŘǎ ŦƻǊ ƴƻǊŜǇƛƴŜǇƘǊƛƴŜ 

were not different 
 [ƛƳƛǘŀǘƛƻƴǎΥ ƭƻǿ ƘƻǎǇƛǘŀƭ 

dismissal rate 
 bƻ ŀŘǾŜǊǎŜ ŜŦŦŜŎǘǎ 

 
 

http://www.ncbi.nlm.nih.gov/pubmed/?term=10486418
http://www.ncbi.nlm.nih.gov/pubmed/?term=1433686
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 DǳŜǳƎƴƛŀǳŘ Ŝǘ 
al. 1998 (109)  
 9828247 

 

Aim:  compare 
repeated low dose 
vs high dose 
epinephrine in 
OHCA 
 
Study type:  
Prospective, 
multicenter, 
randomized 
 
Size: 3327 patients  

Inclusion criteria:  
OHCA patients with 
VF/VT despite 
defibrillation shocks, or 
asystole /hypotensive 
VT 
 
Exclusion criteria:  
Inadequate data 

Intervention: High 
dose epinephrine, 5 
mg, up to 15 doses 
  
Comparator:   
standard dose 
epinephrine, 1 mg, 
following ACLS 
protocol  

1  ̄endpoint: 40.4% of 
1677 patients in the high 
dose group had a return 
of spontaneous 
circulation compared to 
36.4% of 1650 patients in 
the standard dose group 
(p=0.02). There was no 
difference in survival to 
hospital discharge (2.3% 
vs 2.8%. p=0.34). 
 

 [ƻƴƎ-term survival after 
OHCA was no better with 
repeated high doses of 
epinephrine than with 
repeated standard doses. 
 
 

 DƻǊƎŜƭǎ Ŝǘ ŀƭΦ 
1996 (110)  
 8712116 

 
 

Aim:  Determine the 
relative efficacy of 
procainamide and 
lidocaine for 
treating 
spontaneous 
monomorphic VT 
 
Study type: 
Randomized, open 
label, parallel study   
 
Size:  29 patients 

Inclusion criteria:  
Adult patients with 
spontaneous 
monomorphic VT 
 
Exclusion criteria:  
Patients with AMI and 
those with poor 
hemodynamic 
tolerance 

Intervention: IV 
procainamide (10 
mg/kg at 100 
mg/min) or lidocaine 
(1.5 mg/kg over 2 
min) 
  
Comparator:   
Procainamide or 
lidocaine (no 
placebo) 

1  ̄endpoint:  
Procainamide was more 
effective than lidocaine: 
27% of VT episodes 
responded to lidocaine 
and 77% to procainamide 
(p<0.01) 
 
 

 tǊƻŎŀƛƴŀƳƛŘŜ ǿŀǎ ǎǳǇŜǊƛƻǊ 
to lidocaine for terminating VT 
 [ƛƳƛǘŀǘƛƻƴǎΥ bƻ ǇŀǘƛŜƴǘǎ ǿƛǘƘ 

AMI or ischemia 
 {ƛƎƴƛŦƛŎŀƴǘ ƭŜƴƎǘƘŜning of 

QRS and QT on procainamide 
 
 

 Iƻ Ŝǘ ŀƭΦ мффп 
(111)  
 7912296 

 
 

Aim:  Determine the 
relative efficacy of 
lidocaine and sotalol 
for terminating 
spontaneous VT not 
causing CA 
 
Study type: RCT, 
double blind   
 
Size:  33 patients 

Inclusion criteria:  
Adult patients with 
sustained VT 
 
Exclusion criteria:  
Already on an 
antiarrhythmic, 
hypotension requiring 
immediate 
cardioversion, known 
adverse reaction to 
either medicantion 

Intervention: IV 
sotalol (100 mg) 
  
Comparator:   IV 
lidocaine (100 mg)  
 
Cross-over to second 
drug if VT persisted 
after 15 min 

1  ̄endpoint:  Sotalol was 
more effective than 
lidocaine for terminating 
VT: 69% with sotalol and 
18% with lidocaine (95% 
CI: 22%ς80%; p=0.003) 
 
 

 bƻ 2° endpoints 
 [ƛƳƛǘŀǘƛƻƴǎΥ ƴƻ ǇƭŀŎŜōƻ 

control; small number of 
patients 
 м ŘŜŀǘƘ ƛƴ ŜŀŎƘ ŘǊǳƎ ƎǊƻǳǇ 

after the first drug and 1 death 
in each group after both drugs 
 
 

http://www.ncbi.nlm.nih.gov/pubmed/?term=9828247
http://www.ncbi.nlm.nih.gov/pubmed/?term=8712116
http://www.ncbi.nlm.nih.gov/pubmed/?term=7912296
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 [ŜǾƛƴŜ Ŝǘ ŀƭΦΣ 
1996 (112)  
 8522712 

 
 

Aim: Response rate 
and safety 
of intravenous 
amiodarone in 
patients with VT 
refractory to 
standard therapies. 
 
Study type: 
prospective, 
controlled 
 
Size: 273 patients 

Inclusion criteria: 
Patients with recurrent 
hypotensive VT 
refractory to lidocaine, 
procainamide and 
bretylium. 
 
Exclusion criteria:  
Cardiogenic shock; 
significant hepatic 
dysfunction or 
pulmonary disease; Hx 
of TdP; congenital QT 
prolongation; 
bradyarrhythmias or AV 
block (unless 
pacemaker present). 

Intervention: 
Patients 
were randomized to 
receive 1 of 3 doses 
of intravenous 
amiodarone: 525, 
1,050 or 2,100 mg/24 
h by continuous 
infusion over 24 h. 
 
Comparator: As 
above  

1  ̄endpoint: 110 patients 
(40.3%) survived 24 h 
without another 
hypotensive VT episode 
 
Safety endpoint: Adverse 
events requiring drug 
discontinuation 
 

 {ƛƎƴƛŦƛŎŀƴǘƭȅ ƭƻƴƎŜǊ ǘƛƳŜ ǘƻ 
first recurrence in the 2 higher 
dose groups 
 IȅǇƻǘŜƴǎƛƻƴ ǊŜǉǳƛǊŜŘ 

vasopressor therapy in 38 
patients (14%) and led to death 
in 6 (2%). 
 
 

  ¢Ŝƻ Ŝǘ ŀƭΦ мффо 
(113)  
  8371471 

 

Aim:  Assess the 
effectiveness of AAD 
on mortality in 
patients with AMI 
 
Study type: 
Metanalysis 
 
Size: 138 
randomized trials, 
98,000 patients 

Inclusion criteria:  
Patients with AMI 
randomized to AAD 
therapy 
 
Exclusion criteria:  
Inadequate study 
design 

Intervention: AAD 
  
Comparator:    
Placebo, standard 
agents 

1  ̄endpoint: 660 deaths 
in 11,712 patients 
receiving Class I agents 
and 571 deaths in 11,517 
controls (OR: 1.14; 95% 
CI: 1.01ς1.28; p=0.03). 
778 patients received 
amiodarone and 77 died, 
compared with 101 
deaths in 779 control 
patients (OR, 0.71; 95% 
CI, 0.51ς0.97, p=0.03).  
26,973 patients received 
BB and 1,464 died 
compared with 1,727 
deaths in 26,295 controls 
(OR: 0.81; 95% CI, 0.75ς
0.87, p=0.00001) 

 ¢ƘŜ ǊƻǳǘƛƴŜ ǳǎŜ ƻŦ /ƭŀǎǎ L 
agents (lidocaine, 
procainamide) was associated 
with increased mortality after 
MI. 
 BB reduced morality 
 ¢ƘŜ ŀƳƛƻŘŀǊƻƴe data was 

ƭƛƳƛǘŜŘ άōǳǘ ǇǊƻƳƛǎƛƴƎέ 
 
 

http://www.ncbi.nlm.nih.gov/pubmed/?term=8522712
http://www.ncbi.nlm.nih.gov/pubmed/?term=8371471
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 9ƭȊŀǊƛ Ŝǘ ŀƭΦ 
2000 (114)  
 10639301 

 
 

Aim:  Assess the 
mortality associated 
with amiodarone in 
patients with AMI 
 
Study type:  Single 
center, randomized 
 
Size: 1,073 patients 

Inclusion criteria:  
Acute MI, no 
contraindications to 
study drug 

 
Exclusion criteria: 
Contraindication to 
amiodarone 

Intervention: IV or 
PO amiodarone 
  
Comparator: Placebo     

1  ̄endpoint: The study 
was modified after the 
first 516 patients showed 
higher mortality on 
amiodarone than placebo 
(16.30% vs. 10.16%; 
p=0.04). 
 
Safety endpoint: 
Increased mortality on 
high dose amiodarone 

 !ƳƛƻŘŀǊƻƴŜ ƎƛǾŜƴ ōȅ L± ŀƴŘ 
PO to a total of 2,700 mg in the 
first 48 h after MI was 
associated with increased 
mortality. 
 wŜŘǳŎƛƴƎ ǘƘŜ ŘƻǎŜ ōȅ ƘŀƭŦ 

showed amiodarone and 
placebo mortality were similar 

 
 

Data Supplement 16. Nonrandomized Trials, Observational Studies, and/or Registries Comparing Acute Management of Specific Arrythmias 
ς (Section 6) 

Study Acronym; 
Author; 

Year Published 

Study Type/Design; 
Study Size 

Patient Population 1° Endpoint and Results 
(P values; OR or RR;   

& 95% CI) 

Summary/Conclusion 
Comment(s) 

¶ Piccini et al. 2008 
(102) 

¶ 19026290 
 
 

Study type: Registry of 
patients in the 
VALsartan In Acute 
myocardial iNfarcTion 
trial (VALIANT) 
 
Size: 306 patients 
 

Inclusion criteria: 
Patients with AMI who 
experienced sustained 
VT/VF 
Exclusion criteria: 
inadequate data 

1° endpoint: death 
Results 306 of 5,391 patients 
(5.7%) in the VALIANT registry 
had sustained VT/VF with a 
mortality of 20.3%.  55.2% 
were treated with IV or oral 
BB which were associated 
with decreased in-hospital 
mortality (RR: 0.28; 95% CI: 
0.10ς0.75, p=0.013) 

¶ Sustained VT/VF was common with AMI 

¶ In patients with sustained VT/VF, BB 
therapy in the first 24 h after AMI was 
associated with decreased early mortality 
without worsening HF. 
 

 [ƛƴƪ Ŝǘ ŀƭ нлмр (115)  
 26472995 

 

Study type: Guidelines 
 

Inclusion criteria: Acute 
treatment of patients 
with VA 

Expert developed guidelines 
 
Reviews role of direct current 
cardioversion, epinephrine, 
magnesium, and AAD therapy 
for the treatment of acute VA 

 9ƭŜŎǘǊƛŎŀƭ ŎŀǊŘƛƻǾŜǊǎƛƻƴ ƛǎ 
recommended for the initial treatment of 
VF, poorly tolerated VT, and polymorphic 
VT. 
 ¢ƘŜ ŀǇǇǊƻǇǊƛŀǘŜ ǳǎŜ ƻŦ AAD, 

epinephrine, and magnesium for the 
treatment of acute VA is discussed 

http://www.ncbi.nlm.nih.gov/pubmed/?term=10639301
https://www.ncbi.nlm.nih.gov/pubmed/?term=19026290
http://www.ncbi.nlm.nih.gov/pubmed/?term=26472995
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 IŜǊƭƛǘȊ Ŝǘ ŀƭΦмффт 
(116) 
 9044490 

 
 

Study type:  
Retrospective, 
observational study of 
patients with OHCA 
due to VF 
 
Size:  1,212 cases; 405 
receiving lidocaine 

Inclusion criteria:  All 
patients with OHCA due 
to VF. CPR by single 
center emergency 
department 
 
Exclusion criteria:  
Traumatic cause of OHCA 

1  ̄endpoint:  Survival to 
hospital discharge 
 
Results:   Patients receiving 
lidocaine had a higher return 
of spontaneous circulation 
(p<0.001) and hospitalized 
alive (38% vs. 18%; p<0.01). 
Survival to discharge did not 
differ 

 [ƛŘƻŎŀƛƴŜ ƛƳǇǊƻǾŜŘ ǘƘŜ ǊŜǘǳrn to 
spontaneous circulation and 
hospitalization 
 [ƛŘƻŎŀƛƴŜ ŘƛŘ ƴƻǘ ƛƳǇǊƻǾŜ ǊŀǘŜ ƻŦ 

discharge from hospital 
 

 aŀǊƪŜƭ Ŝǘ ŀƭΦ 2010 
(117) 
 20624142 

 
 

Study type: 
Retrospective, 
observational, cohort 
 
Size:   665 patients, 
176 received 
procainamide  

Inclusion criteria:  
Witnesses, OHCA due to 
VF or pulseless VT 
treated by King County, 
WA, emergency services.   
 
Exclusion criteria:  
Traumatic cause of 
OHCA, asystolic OHCA 

1  ̄endpoint:  The association 
between procainamide and 
survival  
 
Results:  Procainamide 
associated with a lower 
survival to hospital discharge 
(OR: 0.52; 95% CI: 0.36ς0.75) 
 

 tǊƻŎŀƛƴŀƳƛŘŜ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ƳƻǊŜ 
shocks, pharmacologic interventions, and 
longer resuscitations. 
 tǊƻŎŀƛƴŀƳƛŘŜ ŘƛŘ not improve survival 

 

 {ǘƛŜƭƭ Ŝǘ ŀƭΦ нллп 
(118) 
 15306666 

 
 

Study type: 
Multicenter, 
controlled prospective 
trial 
 
Size:  5638 patients; 
1391 enrolled in the 
rapid defibrillation 
phase and 4247 in the 
ACLS phase 

Inclusion criteria: OHCA 
 
Exclusion criteria: 
traumatic cause of SCD 

1  ̄endpoint: survival to 
hospital admission and 
discharge 
 
Results: The rate of hospital 
admission increased from the 
defibrillation phase to the 
ACLS phase (10.9% vs 14.6%, 
p<0.001). Survival after rapid 
defibrillation (OR: 3.4; 95% CI: 
1.4ς8.4) was better than ACLS 
(OR: 1.1; 95% CI: 0.8ς1.5) and 
bystander CPR (OR: 3.7; 95% 
CI: 2.5ς5.4) 

 ¢ƘŜ ŀŘŘƛǘƛƻƴ ƻŦ !/[{ ŘƛŘ ƴƻǘ ƛƳǇǊƻǾŜ 
the rate of survival over the use of rapid 
defibrillation in OHCA. 

 IŀǉƛƘŀǊŀ Ŝǘ ŀƭΦ 2012 
(119) 
 22436956 

 

Study type:  
Prospective, 
observational 
 

Inclusion criteria:  Age 
җму ȅ ǿƛǘƘ hI/! ǘǊŜŀǘŜŘ 
by emergence medical 
service personnel 

1  ̄endpoint:  Return of 
spontaneous circulation, 
survival at 1 mo, neurologic 
outcome 

 tǊŜ-hospital epinephrine for OHCA was 
associated with improved return to 
spontaneous circulation. 

http://www.ncbi.nlm.nih.gov/pubmed/?term=9044490
http://www.ncbi.nlm.nih.gov/pubmed/?term=20624142
http://www.ncbi.nlm.nih.gov/pubmed/?term=15306666
http://www.ncbi.nlm.nih.gov/pubmed/22436956
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 Size: 417,188 patients   
Exclusion criteria:  
Traumatic cause of OHCA  

 
Results:  Epinephrine 
improved return of 
spontaneous circulation (OR: 
2.36; 95% CI: 2.22ς2.50; 
p<0.001); but had an adverse 
effect on long-term outcome 
measures (1 mo survival, OR: 
0.46; 95% CI: 0.42ς0.51; and 
neurologic, OR: 0.31; 95% CI: 
0.26ς0.36) 

 tǊŜ-hospital epinephrine for OHCA was 
associated with worse 1 mo survival and 
neurologic outcomes. 
 

 5ƻƴƴƛƴƻ Ŝǘ ŀƭΦ 2014 
(120) 
 24846323 

 
 

Study type: 
Prospective data 
collection, 
observational  
 
Size:  25,095 patients  

Inclusion criteria:  Adults 
with CA in hospital with 
asystole or pulseless VT 
as the initial rhythm 
 
Exclusion criteria:  
Cardiac arrest in 
emergency department, 
ICU, missing data, 
received vasopressin 

1  ̄endpoint: Survival to 
hospital discharge  
 
Results: Survival was 
increased by early 
administration of 
epinephrine: 1ς3 min 
(reference group) (OR: 1.0); 
4ς6 min (OR: 0.91; 95% CI: 
0.82ς1.0; p=0.055); 7ς9 min 
(OR: 0.63; 95% CI: 0.52ς0.76; 
p<0.001).  

 tŀǘƛŜƴǘǎ ǿƛǘƘ ƴon-shockable CA in 
hospital had improved return of 
spontaneous circulation, survival in 
hospital, and neurologically intact 
survival with earlier administration of 
epinephrine 
 

 YƻǎŎƛƪ Ŝǘ ŀƭΦ 2013 
(121) 
 23523823 

 
 

Study type: 
Retrospective 
database analysis  
 
Size:   686 patients  

Inclusion criteria: Adults 
with OHCA  
 
Exclusion criteria:  
Traumatic cause of OHCA 

1  ̄endpoint:  Does timing of 
epinephrine administration 
improve outcome 
 
Results:  Early epinephrine 
was more likely to have 
return of spontaneous 
circulation (32% vs. 23.4%; 
OR: 1.59; 95% CI: 1.07ς2.38) 

 9ŀǊƭȅ ŀŘƳƛƴƛǎǘǊation of epinephrine 
improved return of spontaneous 
circulation 
 9ŀǊƭȅ ŀŘƳƛƴƛǎǘǊŀǘƛƻƴ ƻŦ ŜǇƛƴŜǇƘǊƛƴŜ ŘƛŘ 

not increase survival to admission or 
discharge 
 {ƛƳƛƭŀǊ ǊŜǎǳƭǘǎ ǿŜǊŜ ǊŜǇƻǊǘŜŘ ǿƛǘƘ t9! 

 {ǇŀǳƭŘƛƴƎ Ŝǘ ŀƭΦ мффт 
(122)  
 9171064 

 
 

Study type:  
Retrospective, 
observational, 
consecutive patients 
 

Inclusion criteria: OHCA 
survival  
 
Exclusion criteria:  Non-
cardiac cause of arrest 

1  ̄endpoint: Incidence of 
acute coronary occlusion and 
role of reperfusion therapy  
 

 !Ŏǳǘe coronary occlusion is frequent in 
survivors of OHCA and is predicted poorly 
by clinical and ECG findings 
 /ƻǊƻƴŀǊȅ ŀƴƎƛƻǇƭŀǎǘȅ Ƴŀȅ ƛƳǇǊƻǾŜ 

survival 

http://www.ncbi.nlm.nih.gov/pubmed/?term=24846323
http://www.ncbi.nlm.nih.gov/pubmed/?term=23523823
http://www.ncbi.nlm.nih.gov/pubmed/?term=9171064
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Size:  84 patients  Results:  71% had significant 
CAD and 48% had coronary 
artery occlusion. In-hospital 
survival 38%. Successful 
angioplasty predicted survival 
(OR: 5.2; 95% CI: 1.1ς24.5; 
p=0.04) 

 

 /ǊƻƴƛŜǊ Ŝǘ ŀƭΦ 2011 
(123) 
 21569361 

 

Study type: 
Retrospective, 
observational, 
consecutive patients   
 
Size:  111 patients 

Inclusion criteria: OHCA 
survivor, age <80 y, 
treated with mild 
hypothermia, 
hemodynamically stable  
 
Exclusion criteria:  Non-
cardiac cause of arrest 

1  ̄endpoint: Prognostic 
impact of routine PCI  
 
Results: 73% had CAD. Time 
from collapse to return of 
spontaneous circulation 
associated with mortality (OR: 
1.05; 25thς75tth percentile 
range, 1.03ς1.08; p<0.001); 
Percutaneous intervention 
associated with survival (OR: 
0.30; 25thς75th percentile 
range, 0.11ς0.79; p=0.01) 

 wƻǳǘƛƴŜ ŎƻǊƻƴŀǊȅ ŀƴƎƛƻƎǊŀǇƘȅ ǿƛǘƘ 
percutaneous intervention may improve 
survival following OHCA in patients 
treated with mild hypothermia who are 
hemodynamically stable 
 

 ½ŀƴǳǘǘƛƴƛ Ŝǘ ŀƭΦ нлмн 
(124) 
 22975468 

 
 

Study type: 
Retrospective, 
observational, 
consecutive patients   
 
Size:  93 patients 

Inclusion criteria: OHCA 
survival, remained 
unconscious soon after 
recovery of spontaneous 
circulation  
 
Exclusion criteria: Non-
cardiac cause of OHCA  

1  ̄endpoint:  Independent 
determinants of in-hospital 
survival 
 
Results: Coronary 
angiography performed in 66 
patients (71%); 48 emergent 
and 18 at 13±10 d. PCI in 
52%; in hospital survival 54%. 
Emergency angiography (HR: 
2.32; 95% CI: 1.23ς4.38; 
p=0.009) and PCI (HR: 2.54; 
95% CI: 1.35ς4.8; p=0.004) 
related to in hospital survival 

 9ƳŜǊƎŜƴŎȅ ŎƻǊƻƴŀǊȅ ŀƴƎƛƻƎǊŀǇƘȅ ŀƴŘ 
PCI, if indicated, appeared to improve 
survival. 
 ¢ƘŜ ǎǘǳŘȅ Ƙŀǎ ǎƛƎƴƛŦƛŎŀƴǘ ƭƛƳƛǘŀǘƛƻƴǎΥ ƴƻ 

control group; and unconscious patients 
who had delayed procedures 18 d after 
OHCA is a poor comparative group.  
 

 5ǳƳŀǎ Ŝǘ ŀƭΦ 2016 
(81) 
 27131438 

Study type:  
Observational, 
multicenter registry  

Inclusion criteria: OHCA 
survivor without an ST-
elevation MI 

1  ̄endpoint: Favorable 
neurologic outcome 
 

 мκо ƻŦ hI/! ǇŀǘƛŜƴǘǎ ǿƛǘƘƻǳǘ {¢ 
elevation had a culprit lesion and had a 

http://www.ncbi.nlm.nih.gov/pubmed/?term=21569361
http://www.ncbi.nlm.nih.gov/pubmed/?term=22975468
http://www.ncbi.nlm.nih.gov/pubmed/27131438
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Size:  695 patients 

 
Exclusion criteria:  
Inadequate data 

Results:  199 patients (29%) 
had a PCI.  43% with PCI had a 
favorable outcome and 33% 
without PCI. (OR: 1.80; 95% 
CI: 1.09ς2.97; p=0.02). 

nearly 2-fold increase in favorable 
neurologic outcome. 
 ! ŦŀǾƻǊŀōƭŜ ƻǳǘŎƻƳŜ ǿŀǎ ŀƭǎƻ 

predicted by a shockable rhythm, lower 
epinephrine dose, and shorter 
resuscitation. 
 

 YǳŘŜƴŎƘǳƪ Ŝǘ ŀƭΦ 
2013 (125) 
 23743237 

 
 

Study type:  
retrospective, cohort 
of patients with OHCA 
who did or did not 
receive prophylactic 
lidocaine 
 
Size:   1721 patients 
with OHCA due to VF 
or VT  

Inclusion criteria:  OHCA 
ŘǳŜ ǘƻ ±C ƻǊ ±¢Φ !ƎŜ җму 
y  
 
Exclusion criteria:  
Missing data points, no 
chance of survival when 
paramedics arrived 

1  ̄endpoint:  re-arrest, 
hospital admission, survival 
 
Results:  1296 patients 
received prophylactic 
lidocaine and 425 did not. 
Prophylactic lidocaine 
reduced re-arrest from VF/VT 
(OR: 0.34; 95% CI: 0.26ς0.44); 
non-shockable arrhythmias 
(OR: 0.47;95% CI: 0.29ς0.78); 
higher hospital admission 
(OR: 1.88;95% CI, 1.28ς2.76); 
and improved survival to 
discharge (OR, 1.49;95% CI: 
1.15ς1.95) 

 tŀǘƛŜƴǘǎ ǊŜŎŜƛǾƛƴƎ ƭƛŘƻŎŀƛƴŜ ƘŀŘ ŀ 
shorter time to a return of spontaneous 
circulation and higher BP 
 ¦ǎŜ ƻŦ ǇǊƻǇƘȅƭŀŎǘƛŎ ƭƛŘƻŎŀƛƴŜ ǳǇƻƴ 

return to a spontaneous circulation after 
OHCA was associated with less recurrent 
VF/VT and higher rates of admission to 
hospital and survival to discharge. 
 

 bŀŘŜƳŀƴŜŜ Ŝǘ ŀƭΦΣ 
2000 (126)  
  10942741 

 
 

Study type: 
retrospective, 
observational 
 
Size:    49 patients 

Inclusion criteria:  ES 
with recent (72 hς3 mo) 
MI 
 
Exclusion criteria: MI <72 
h 

1  ̄endpoint:  Effect of beta 
blockade (left stellate 
ganglion blockade, esmolol, 
propranolol) on outcome 
(survival) 
 
Results:  1-wk mortality rate 
was higher in group not 
treated with beta blockade: 
18 (82%) of the 22 patients 
died, all of refractory VF, 
compared to 6 (22%) of the 
27 patients with beta 
blockade, 3 of refractory VF 

 {ȅƳǇŀǘƘŜǘƛŎ ōƭƻŎƪŀŘŜ ƛǎ ǎǳǇŜǊƛƻǊ ǘƻ 
standard ACLS therapy in treating ES 
patients. 

http://www.ncbi.nlm.nih.gov/pubmed/?term=23743237
http://www.ncbi.nlm.nih.gov/pubmed/?term=10942741
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(p<0.0001). Patients who 
survived the initial ES event 
did well over the 1 y followup 
period: Overall survival was 
67% with beta blockade 
compared with 5% without it 
(p<0.0001). 

 {ŀǎǎƻƴ Ŝǘ ŀƭΦ нлмл 
(127) 
 20123673 

 
 
 

Study type: Meta-
analysis OF OHCA 
studies 
 
Size:  79 studies 
reporting 142,740 
patients  

Inclusion criteria:  OHCA 1  ̄endpoint: survival 
 
Results: Survival to hospital 
discharge was more likely 
among OHCA patients 
witnessed by a bystander 
(6.4% to 13.5%); witnessed by 
EMS (4.9% to 18.2%), 
received bystander CPR (3.9% 
to 16.1%), or were found in 
VF/VT (14.8% to 23%). 

 ²ƛǘƴŜǎǎŜŘ hI/! ŀƴŘ ŀǊǊŜǎǘ ŘǳŜ ǘƻ 
VF/VT treated with defibrillation had 
improved survival. 

 .ǳȄǘƻƴ Ŝǘ ŀƭ мфут 
(128) 
 3578051 

 

Study type: single 
center, observational 

 
Size:  25 patients 

Inclusion criteria: 
Sustained VT treated 
with IV verapamil 
 

1  ̄endpoint: adverse 
hemodynamics 
 
Results: 44% of 25 patients 
with sustained VT receiving IV 
verapamil had severe 
hypotension of loss of 
consciousness. 

IV verapamil should not be used in 

patients with sustained VT 

 tŜƭƭƛǎ Ŝǘ ŀƭΦ нллф 
(129) 
 19010581 

 
 

Study type: 
prospective, 
observational 
 
Size:  144 patients 

Inclusion criteria: OHCA 
 
Exclusion criteria: 
Inadequate data 

1  ̄endpoint:  return of 
spontaneous circulation and 
hospital discharge 
 
Results:  Precordial thump 
had no effect on heart 
rhythm in 96% of patients. 
with return of spontaneous 
circulation in only 3 patients. 

A pre-cordial thump did not delay other 
aspects of CPR and had no adverse 
effects; but efficacy was lacking. 

http://www.ncbi.nlm.nih.gov/pubmed/?term=20123673
http://www.ncbi.nlm.nih.gov/pubmed/?term=3578051
http://www.ncbi.nlm.nih.gov/pubmed/?term=19010581
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 ±ƻƭƪƳŀƴ Ŝǘ ŀƭΦ мффл 
(130)  
 2087859 

 
 

Study type:  single 
center, observational, 
consecutive patients 

 
Size:  47 patients 

Inclusion criteria: 
patients with VT 

1  ̄endpoint: VT conversion 
following a pre-cordial thump 
 
Results: VT with a heart rate 
Җмсл .ta ŎƻƴǾŜǊǘŜŘ ƛƴ мт ƻŦ 
22 cases, and VT >160 bpm 
converted in 3 of 15 cases. 3 
cases of VF and 7 cases of VFL 
failed to convert. 

A pre-cordial thump converted VT in 77% 
of patients ǿƛǘƘ ŀ ǊŀǘŜ Җмсл ōǇƳ ōǳǘ ƻƴƭȅ 
20% if the rate was faster.  VF and VFL 
did not convert. 

 

Data Supplement 17. RCTs Secondary Prevention Sudden Death in Ischemic Heart Disease ς (Section 7.1.1) 
Study Acronym; 

Author;  
Year Published 

Aim of Study; 
Study Type; 

Study Size (N) 

Patient Population Study Intervention  
(# patients) /  

Study Comparator  
(# patients) 

Endpoint and Results 
 

Relevant 2̄ Endpoint (if any); 
Study Limitations; 

Adverse Events 

 AVID 
 The AVID 

Investigators 
1997 (131) 
 9411221 

 

Aim:  To examine 
the effect on 
overall survival of 
initial therapy with 
an ICD as 
compared with 
amiodarone or 
sotalol in patients 
resuscitated from 
VF or symptomatic, 
sustained VT with 
hemodynamic 
compromise. 
 
Study type:   RCT 
 
Size:    1016 
patients 

Inclusion criteria:  
patients who were 
resuscitated from 
near-fatal VF; 
sustained VT with 
syncope; or sustained 
VT with an LVEF Җ0.40 
and symptoms 
suggesting severe 
hemodynamic 
compromise. 
Exclusion criteria: 
arrhythmia was 
judged to have a 
transient or 
correctable cause,  
excessively high risk 
(life expectancy <1 y, 
class IV HF, awaiting a 
heart transplant, or 

Intervention: 
Therapy with ICD 
  
Comparator:    
Antiarrhythmic 
drugs - amiodarone 
or sotalol, (only 2.6% 
received sotalol) 

1  ̄endpoint:   
Overall survival was 
greater with the ICD, with 
unadjusted estimates of 
89.3% as compared with 
82.3% in the 
antiarrhythmic-drug 
group at 1 y, 81.6% vs. 
74.7% at 2 y, and 75.4% 
vs. 64.1% at 3 y (p<0.02). 
The corresponding 
reductions in mortality 
(with 95% CI) with the ICD 
were 39±20%, 27±21%, 
and 31±21%  

 Study terminated early after 
1016 of 1200 patients enrolled 
 81% of patients had CAD 
 Conclusion: Among survivors of 

VF or sustained VT causing severe 
symptoms, ICD is superior to AAD 
therapy for reducing overall 
mortality.  
 
 

http://www.ncbi.nlm.nih.gov/pubmed/?term=2087859
http://www.ncbi.nlm.nih.gov/pubmed/9411221
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requiring a balloon 
pump, other 
mechanical means, or 
inotropic drug 
administration for 
hemodynamic 
support) 
or excessively low risk 
(event occurring 
within 5 d of cardiac 
surgery or 
angioplasty, or 
occurring in-hospital 
<5 d after MI), 
previous 
ICD implant (or 
attempted implant), 
chronic serious 
bacterial infection, or 
were unable to give 
verbal 
assent due to 
neurologic 
impairment, or a 
contraindication to 
amiodarone 

 CIDS 
 Conolly et al. 

2000 (132) 
 10725290 

 

Aim:  To compare 
the efficacy of the 
ICD and 
amiodarone for the 
prevention of 
death in patients 
with previous 
sustained VA 
 
Study type: RCT  
 

Inclusion criteria:  in 
the absence of either 
recent AMI or 
electrolyte imbalance, 
they manifested any 
of the following: (1) 
documented VF; (2) 
OHCA requiring 
defibrillation or 
cardioversion; (3) 
documented, 

Intervention: ICD 
  
Comparator:    
Amiodarone 

1  ̄endpoint:  Death from 
any cause. 
A nonsignificant reduction 
in the risk of death was 
observed with the ICD, 
from 10.2%/y to 8.3%/y 
(RRR 19.7%; 95% CI: -
7.7%ς40%; p=0.142). A 
nonsignificant reduction 
in the risk of arrhythmic 
death was observed, from 

 82% had ischemic etiology  
 Conclusions: CIDS provides 

further support for the superiority 
of the ICD over amiodarone in the 
treatment of patients with 
symptomatic sustained VT or 
resuscitated CA.  
 
 
 
 

http://www.ncbi.nlm.nih.gov/pubmed/10725290
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Size:    659 patients sustained VT causing 
syncope; (4) other 
documented, 
sustained VT at a rate 
җмрл ōŜŀǘǎκƳƛƴΣ 
causing presyncope or 
angina in a patient 
with a LVEF Җор҈Τ ƻǊ 
(5) unmonitored 
syncope with 
subsequent 
documentation of 
either spontaneous 
±¢җмл ǎ ƻǊ ǎǳǎǘŀƛƴŜŘ 
όҗол ǎύ ƳƻƴƻƳƻǊǇƘƛŎ 
VT induced by 
programmed 
ventricular 
stimulation.  
Exclusion criteria: (1) 
ICD or amiodarone 
not considered 
appropriate, (2) 
excessive 
perioperative risk for 
ICD implantation; (3) 
previous amiodarone 
ǘƘŜǊŀǇȅ ŦƻǊ җс ǿk; (4) 
nonarrhythmic 
medical condition 
making 1y survival 
unlikely, and (5) long-
QT syndrome. 

4.5%/y to 3.0%/y (RRR 
32.8%; 95% CI, -7.2%ς
57.8%; p=0.094). 
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 CASH 
 Kuck et al. 

2000 (133) 
 10942742 

 

Aim:  to study the 
impact on overall 
survival of initial 
therapy with an 
ICD as compared 
with that with 3 
AAD 
 
Study type:   RCT 
 
Size:    288 patients 

Inclusion criteria:  
patients resuscitated 
from CA 2° to 
documented 
sustained VA 
 
Exclusion criteria:  If 
CA occurred within 72 
h of an AMI, cardiac 
surgery, electrolyte 
abnormalities, or 
proarrhythmic drug 
effect. 

Intervention: ICD 
therapy 
  
Comparator:    
amiodarone, 
metoprolol, or 
propafenone. 
Assignment to 
propafenone was in 
March 1992, after an 
interim analysis 
showed a 61% 
higher all-cause 
mortality rate than 
in 61 ICD patients 
during a followup of 
11.3 mo.  

1  ̄endpoint:  The 1° end 
point was all-cause 
mortality.  
Over a mean followup of 
57±34 mo, the death 
rates were 36.4% (95% CI 
26.9% to 46.6%) in the 
ICD and 44.4% (95% CI 
37.2% to 51.8%) in the 
amiodarone/metoprolol 
arm. Overall survival was 
higher, though not 
significantly, in patients 
assigned to ICD than in 
those assigned to drug 
therapy (1-sided p=0.081, 
HR: 0.766; 97.5% CI upper 
bound 1.112) 

 In ICD patients, the percent 
reductions in all-cause mortality 
were 41.9%, 39.3%, 28.4%, 27.7%, 
22.8%, 11.4%, 9.1%, 10.6%, and 
24.7% at y 1 to 9 of followup. 
 Coronary disease was etiology in 

73%. A much larger reduction of 
61%, for SCD was observed 
 
 

 Connolly et al. 
2000 (134) 
 11102258 

 

Aim: To obtain the 
most precise 
estimate of the 
efficacy of the ICD, 
compared  to  
amiodarone,  for 
survival in patients 
with malignant VA. 
 
Study type:   Meta-
analysis of RCTs 
 
Size:    3 RCTs 

Inclusion criteria: 
RCTs 
evaluating the ICD vs. 
AAD therapy in 
patients with 
sustained VA or SCD 
 

Intervention: 
ICD (934 patients) 
 
Comparator: 
Amiodarone (932 
patients) 

1  ̄endpoint:  Reduction 
in death from any cause 
with the ICD, HR 0.72; 
95% CI 0.60-0.87; 
p=0.0006).  
 
 

 2° endpoints:   
Arrhythmic death, HR 0.50 (95% CI 
0.37-0.67; p<0.0001).  
Survival was extended by a mean of 
4.4 mo by the ICD over a followup 
period of 6 y.  
 P heterogeneity=0.306 

Patients with LVEF Җ35% derived 
more benefit from ICD therapy 
than those with more preserved 
left ventricular function. 

 MAVERIC 
Lau et al. 2004 
(135)  
 15172648 

 
 

Aim:  to test the 
possibility of 
prospectively 
identifying patients 
who would benefit 
most ICD by EPS in 

Inclusion criteria:  
survivors of sustained 
VT, VF or SCD in the 
absence of an AMI in 
the last 48h. 
 

Intervention: EP-
guided interventions 
(AAD, coronary 
revascularization, 
and ICD) (106 

1  ̄endpoint:  Of the 108 
EP arm patients, 31 (29%) 
received an ICD, 46 (43%) 
received AAD only (mainly 
amiodarone or sotalol) 
and 18 (17%) received 

 61% of patients had prior MI 
EPS has a minimal impact on the 
diagnosis of patients presented 
with VT, VF or SCD. 
The trial does not support a role for 
EP testing in risk stratification. 

http://www.ncbi.nlm.nih.gov/pubmed/10942742
http://www.ncbi.nlm.nih.gov/pubmed/11102258
http://www.ncbi.nlm.nih.gov/pubmed/15172648
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the context of 2° 
prevention. 
 
Study type:   RCT 
 
Size:    214 patients 

Exclusion criteria:  life 
expectancy of <6 mo 
from a non-
arrhythmic cause or 
child-bearing age 

patients assigned to 
this arm) 
 
Comparator: 
therapy with 
amiodarone (108 
patients assigned to 
this arm) 

coronary 
revascularization but no 
ICD. No significant 
differences in survival or 
arrhythmia recurrence 
existed between the two 
treatment arms after 6 y. 
However, ICD recipients 
had a lower mortality 
than non-ICD recipients, 
regardless of allocated 
treatment (HR=0.54, 
p=0.0391). 

 Claro et al. 
2015 (136)  
 26646017 

 
 

Aim:  To evaluate 
the effectiveness 
of amiodarone for 
1° or 2° prevention 
of SCD compared 
with placebo or no 
intervention or any 
other 
antiarrhythmic. 
 
Study type:   meta-
analyses using a 
random-effects 
model 
 
Size:    24 studies 
(9,997 participants) 
with 6 studies 
identified as 2° 
prevention trials. 

Inclusion criteria:  
Randomized assessing 
the efficacy of 
amiodarone vs. 
placebo, no 
intervention, or other 
antiarrhythmics in 
adults, either for 1° 
prevention or 2° 
prevention of SCD. 

Intervention: 
Amiodarone 
  
Comparator:  
placebo, no 
intervention, ICD or 
other 
antiarrhythmics 

1  ̄endpoint:  For 2° 
prevention, amiodarone 
compared to placebo or 
no intervention (two 
studies, 440 participants) 
appeared to increase the 
risk of SCD (RR: 4.32; 95% 
CI: 0.87ς21.49) and all-
cause mortality (RR: 
3.05;95% CI: 1.33ς7.01). 
Compared to other AAD 
(four studies, 839 
participants) amiodarone 
appeared to increase the 
risk of SCD (RR: 1.40; 95% 
CI: 0.56ς3.52; very low 
quality of evidence), but 
there was no effect in all-
cause mortality (RR: 1.03; 
95% CI: 0.75ς1.42; low 
quality evidence). 

 Conclusions: With very low 
quality evidence, amiodarone leads 
to a statistically non-significant 
increase in the risk of SCD and all-
cause mortality (by 33% to 600%) 
when compared to placebo or no 
intervention.  This meta-analysis 
did not effectively rule out benefit 
or harm for 2° prevention with 
amiodarone.  
 Side effects: Amiodarone was 

associated with an increase in 
pulmonary and thyroid adverse 
events. 
 Limitations: For 2° prevention, 

the evidence is inconsistent and 
the quality of the evidence was 
very low, so the authors concluded 
that there is uncertainty on the 
findings.  There are some 
methodological issues that warrant 
certain caution when interpreting 
these results. 

 

http://www.ncbi.nlm.nih.gov/pubmed/26646017
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Data Supplement 18. Nonrandomized Trials, Observational Studies, and/or Registries for Secondary Prevention Sudden Death in Ischemic 
Heart Disease ς (Section 7.1.1) 

Study Acronym; 
Author;  

Year Published 

Aim of Study; 
Study Type; 

Study Size (N) 

Patient Population Endpoint and Results 
 

Relevant 2̄ Endpoint (if any); 
Study Limitations; 

Adverse Events 

 wŀƛǘǘ Ŝǘ ŀƭΦ 2001 
(137) 
 11208684 

 

Aim:  To determine 
prognostic implications of 
stable VT 
 
Study type: Observational, 
registry of patients with 
hemodynamically stable 
VT  
 
Size:  The study population 
consisted of 440 patients 
with stable VT and 1029 
patients with unstable VT. 
Of the 1029 patients with 
unstable VT, 330 had 
therapy determined by 
randomization in the AVID 
trial: 52% received an ICD, 
47% amiodarone, and 2% 
sotalol. Therapy for the 
remaining 699 patients 
with unstable VT and the 
440 patients with stable VT 
was determined at the 
discretion of the attending 
physician. 

Inclusion criteria:  
Patients with stable VT 
that were not enrolled in 
AVID, were included in a 
registry of patients 
screened for the study. 
 
Exclusion criteria:  
Patients who had an 
arrhythmia within 5 d of a 
MI, cardiac surgery, or 
coronary intervention 
were excluded, as were 
patients with class IV HF 
or those who were on a 
heart transplant list, had 
a prior ICD implant or 
attempted implant, or 
had a life expectancy of 
<1 y. 

 1  ̄endpoint:  Mortality 
 
Results:  The mortality in 440 
patients with stable VT tended to 
be greater than that observed in 
1029 patients presenting with 
unstable VT (33.6% vs. 27.6% at 3 
y; RR:1.22; p=0.07). After 
adjustment for baseline and 
treatment differences, the RR was 
little changed (RR: 1.25, p=0.06). 
 
 

 Sustained VT without serious 
symptoms or hemodynamic 
compromise is associated with a 
high mortality rate and may be a 
marker for a substrate capable of 
producing a more malignant 
arrhythmia. 

http://www.ncbi.nlm.nih.gov/pubmed/11208684
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 Bass EB et al. 
1988 (138) 

 3195480 

Study type: retrospective 
cohort 
 
Size: 70 patients 

Inclusion: unexplained 
syncope EP study 
between April 1981 and 
April 1986.  
Exclusion: N/A 

Results: 
EP study had positive results in 37 
patients--31 with VT, 3 with SVT 
and 3 with abnormal conduction.  
 
No difference in the 3 y recurrence 
rate between the ± studies (32 vs 
24%, respectively).  
 
At 3 y, patients + had higher rates 
of SCD than patients with - results 
(48% vs 9%, respectively, 
p<0.002).  
 
3 y total mortality rate was also 
higher with + results than among 
those with - (61% vs 15%, 
respectively, p<0.001).  

 Conclusion: patients with 
electrophysiologically positive 
results had high rates of SCD and 
total mortality  

 Owens DK et al. 
2002 (139) 

 12228780 

Aim: Evaluated whether 
risk stratification based on 
risk ofSCD alone was 
sufficient to predict the 
effectiveness and cost-
effectiveness of the ICD. 

Markov model to 
evaluate the cost-
effectiveness of ICD 
implantation compared 
with empiric amiodarone 
treatment. The model 
incorporated mortality 
rates from sudden and 
nonsudden cardiac death, 
noncardiac death and 
costs for each treatment 
strategy. Model assumed 
that the ICD reduced total 
mortality rates by 25%, 
relative to use of 
amiodarone. 

Results: cost-effectiveness 
becomes unfavorable at both low 
and high total cardiac mortality 
rates.  
If the annual total cardiac 
mortality rate is 12%, the cost-
effectiveness of the ICD varies 
from $36,000 per quality-adjusted 
life-year (QALY) gained when the 
ratio of sudden cardiac death to 
nonsudden cardiac death is 4 to 
$116,000 per QALY gained when 
the ratio is 0.25. 

 The cost-effectiveness of ICD use 
relative to amiodarone depends on 
total cardiac mortality rates as well 
as the ratio of sudden to 
nonsudden cardiac death. 

 
  

https://www.ncbi.nlm.nih.gov/pubmed/?term=3195480
https://www.ncbi.nlm.nih.gov/pubmed/?term=12228780
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Data Supplement 19. Nonrandomized Trials, Observational Studies, and/or Registries for Coronary Artery Spasm ς (Section 7.1.1.1) 
Author; 

Year Published 
Study Type/Design; 

Study Size 
Patient Population 1° Endpoint and Results 

(P values; OR or RR;   
& 95% CI) 

Summary/Conclusion 
Comment(s) 

 Ahn et al. 2016 
(140) 
 27386766 

 

Study type:   
retrospective 
multicenter cohort  
 
Size:    188 patients with 
aborted SCD 
 
Median followup of 7.5 
y 

188 patients with variant 
angina with aborted SCD 
and 1,844 patients with 
variant angina without 
aborted SCD from 13 heart 
centers in South Korea.  
 
 

1  ̄endpoint:  The 1° end point cardiac 
death 
 
Cardiac death was significantly higher 
in aborted SCD patients (24.1 /1,000 
patient-y vs. 2.7/  1,000 patient-y (HR: 
7.26; 95% CI: 4.21-12.5; p<0.001) 
 
Predictors included family Hx of SCD 
(OR: 3.67; 95% CI: 1.27-10.6; p=0.016), 
multivessel spasm (OR: 2.06; 95% CI: 
1.33-3.19; p=0.001), and LAD artery 
spasm (OR: 1.40; 95% CI: 1.02-1.92; 
p=0.04)  
 
A total of 24 aborted SCD patients 
received ICD  
 
6 ICD patients experienced VF and 1 
died due to intractable VF. 
 
In the aborted SCD patients who 
received an ICD, mortality was 4.3% 
compared with 19.3% of those that did 
not receive an ICD (trend but 
nonsignificant p=0.15) 

 Conclusions: The prognosis of 
patients with variant angina with 
ASCD was worse than other 
patients with variant angina. In 
addition, our findings supported 
ICDs in these high-risk patients as a 
2° prevention because current 
multiple vasodilator therapy 
appeared to be less optimal. 
 Limitations: Retrospective study 

and no accurate information for 
response to medical therapy or 
compliance. This is an ethnically 
homogenous group raising 
questions about extrapolation to 
other ethnicities. It is unknown 
what factors might have led 
physicians to implant an ICD.   
 

 Yamashina et 

al. 2014 (141)  
 23906527 

 

Study type:   
retrospective single 
center cohort  
 
Size:    18 patients in 
Japan between 1992 
and 2012  

Resuscitated from CA with 
1) documented VF/VT or 
PEA and 2) the absence of 
significant narrowing due 
to coronary 
atherosclerosis or any 
structural cardiac 

1  ̄endpoint:  recurrent VT/VF 
 
Results: No recurrent VA, syncope, or 
CA during a mean followup of 67 mo 
(1 of 18 died during the initial 
hospitalization and another cancer). 
All are treated with long-acting 

 Conclusions: Medical therapy 
associated with favorable long-
term outcomes for patients with 
vasospastic angina associated with 
CA. 

http://www.ncbi.nlm.nih.gov/pubmed/27386766
http://www.ncbi.nlm.nih.gov/pubmed/23906527
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 abnormalities possibly 
causing CA; 3) absence of 
identifiable or reversible 
causes of lethal VA 4) 
documented ST elevation 
during chest pain or 
positive provocation test 

CCBs/nitrates and successfully quit 
smoking.  
 
6 received ICD ς none received 
therapies 

 Limitations: small, retrospective, 
and non-randomized study in a 
single Japanese center. 
 

 Eschalier et al. 
2014 (142) 
 24373622 

 

Study type:   case 
reports 
 
Size:    3 patients. 

Patients with CA related to 
coronary artery vasospasm 
 

Results: 2/3 patients underwent ICD 
implantation because of recurrent VT 
despite medical therapy.  None had 
ICD shocks in follow-up. 

Conclusions: Very small case series 
demonstrating ICD use in patients 
with coronary vasospasm. 
 

 Matsue et al. 
2012 (143) 
 22840527 

 

Study type: 
retrospective 
observational cohort 
 
Size:  23 patients. from 
3 Japanese hospitals 
 
Mean followup period 
of 2.9 y 

23 patients with aborted 
SCD receiving a 2° 
prevention ICD in the 
absence of SHD or CAD 
who had spasm of a major 
epicardial coronary artery 
induced with acetylcholine 
challenge 
 
 

Endpoints:  Appropriate ICD therapy, 
sudden CA, or death from all causes  
 
26% of patients experienced event 
 
4 patients had an episode of VF 
appropriately treated by their ICD and 
survived (all but 1 patient was 
compliant with vasodilator therapy).  
After the first episode of appropriate 
ICD therapy in these 4 patients, none 
received recurrent therapy during the 
limited follow-up. 
 
1 additional patient survived CA 2° to 
pulseless electrical activity 
 

 Results: The average time for 
appropriate ICD therapy from ICD 
insertion was about 1 y and only 
2/5 patients with recurrent lethal 
arrhythmia had symptoms of chest 
pain prior to ICD therapy.  
 Conclusions: These data support 

the use of ICD therapy in patients 
with coronary artery vasospasm 
who have survived an episode of 
life-threatening VT/VF 
 Limitations: Non-randomized 

and relatively small number of 
Japanese patients in only 3 
cardiovascular centers.  
 The cohort in the present study 

included only patients with 
coronary vasospasm who had SCD, 
and thus the data shown here 
cannot be extrapolated to the 
whole coronary vasospasm 
population.  
 Medication compliance was 

evaluated only by medical 
interview with patients, and that 

http://www.ncbi.nlm.nih.gov/pubmed/24373622
http://www.ncbi.nlm.nih.gov/pubmed/22840527


73 
 
© 2017 by the American College of Cardiology Foundation, American Heart Association, Inc., and Heart Rhythm Society 

may have caused over-estimation 
of compliance. 

 Takagi et al. 
2011 (144) 
 21406685 

 

Study type:   nationwide 
registry of patients with 
vasospastic angina 
 
Size:  35 patients with 
OHCA. 

30 men and 5 women had 
OHCA within a registry of 
1429 patients in Japan 
with vasospastic angina 
(definition: an angina 
attack at rest and/or on 
effort, accompanied by a 
transient ECG ST-segment 
elevation or depression of 
>0.1mV or a newly 
appearance of negative U 
wave in at least 2 related 
leads, and/or a total or 
subtotal coronary artery 
narrowing during the 
provocation test of 
coronary spasm, 
accompanied by chest 
pain and/or ischemic ECG 
changes mentioned 
above)  
 
 
  

1  ̄endpoint:  The 1° end point MACE 
included cardiac death, nonfatal MI, 
hospitalization for unstable angina 
pectoris and HF, and appropriate ICD 
shocks during the follow-up period, 
which began at the date of original 
VSA diagnosis.  
 

2  ̄endpoint:  The 2° end point was all-
cause mortality.  
 
Results:  
Survival rate free from MACE was 
significantly lower in the OHCA 
survivors compared with the non-
OHCA patients (72% vs. 92% at 5 y, 
p<0.001).  There was no difference in 
all-cause mortality between the 
groups. 

 Results (continued): In the 35 
OHCA survivors, 14 patients 
underwent ICD implantation while 
intensively treated with calcium 
channel blockers. 
Appropriate ICD shocks for VF in 2 
of 14 patients despite intensive 
medical treatment.  SCD occurred 
in 1 patient without an ICD who 
self-discontinued medication prior 
to the fatal event. 
 Rate of cardiac death and 

nonfatal MI in patients in whom 
medications were reduced or 
discontinued (8%, 2 of 25 patients) 
was 10-fold higher than that in the 
patients with continued 
medications (0.7%, 10 of 1404 
patients, p=0.017).  
 Limitations: Appropriate ICD 

therapy is used as surrogate for 
sudden death.  Retrospective 
observational study and there the 
association found in the present 
study is not necessarily causal and 
follow-up duration was variable 
possible many arrhythmic events 
were missed. 

 Meisel et al. 
2002 (145)  
 11988204 

 

Study type:   
Retrospective case 
review with multicenter 
survey 
 

Inclusion criteria:  (1) 
typical chest pain at rest 
associated with transient 
ST-segment elevations not 
present on the baseline 
ECG and disappearing with 
relief of pain; (2) 

Results: All patients were treated with 
maximum tolerated calcium channel 
antagonists. 
 
Ventricular arrhythmia reoccurred 
after discharge in all patients. Median 
time to the first arrhythmia recurrence 

 Conclusions: VF complicating 
variant angina is a higher risk 
population.  Raises possibility that 
some patients such as those 
remaining symptomatic despite 
medical therapy should be 
considered for an ICD. 

http://www.ncbi.nlm.nih.gov/pubmed/21406685
http://www.ncbi.nlm.nih.gov/pubmed/11988204
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Size:    8 patients with 
vasospastic angina 
complicated by VF 

documented VF 
immediately after the 
ischemic episode; (3) 
survival of the index 
episode of VF; (4) 
angiographically normal 
coronary arteries defined 
as patent arteries with no 
irregularities; (5) 
angiographic evidence of 
coronary spasm defined as 
transient narrowing of 
arterial lumen or recurrent 
episodes of ECG 
documented ischemia 
especially if occurring in 
different coronary 
territories; and (6) 
recurrent angina despite 
medical therapy 
 
Exclusion criteria:  N/A 

was 15 mo (range 2-112). An ICD was 
subsequently implanted in 7 patients. 
 
After ICD implantation, 4 patients 
received appropriate ICD shocks for 
VT/VF.  1 patient died with ICD and 
recurrent chest pain with EMD.  
 
1 patient with recurrent VF and no ICD 
had recurrent VF out of hospital and 
subsequent brain damage and died 
several years later. 
 

 

 Chevalier et al. 
1998 (146) 
 9426018 

 

Study type:   
retrospective case 
review 
 
Size:   7 patients  

Inclusion criteria:  
survivors of CA with 
positive ergonovine 
provocation test 
 
Mean age was 44 y; 3 
were male and 4 females. 
All of them were habitual 
cigarette smokers.  
 
Exclusion criteria:  N/A 

Results:  At a mean follow-up 58 mo, 6 
patients remained free of symptoms. 1 
patient who continued smoking had a 
new CA despite 10 y after and was 
discovered to have a new LAD and RCA 
stenosis and underwent CABG and ICD 
placement. 
 
 

 Conclusions: medical treatment 
with calcium channel antagonists 
appears to be associated with an 
event-free clinical course. Stopping 
smoking is important.  
 

 Myerburg et al. 
1992 (147) 
 1574091 

 

Study type:  
retrospective cohort 
 
Size: 5 patients 

Inclusion: From 356 
patients, included were 5 
survivors of OHCA 
between 1980 and 1991 

Results:  Titration of calcium channel 
blocking drugs (verapamil, diltiazem, 
or nifedipine) against the ability of 
ergonovine to provoke spasm was 

 Conclusions:  
Silent MI due to coronary artery 
spasm can initiate potentially fatal 

http://www.ncbi.nlm.nih.gov/pubmed/9426018
http://www.ncbi.nlm.nih.gov/pubmed/1574091
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without epicardial CAD 
with induced or 
spontaneous focal 
coronary artery spasm (or 
both) 
Exclusion criteria:  N/A 

successful in preventing recurrent 
arrhythmias in all 4 patients. 
 
1/5 patients had a positive EPS with 
ventricular flutter despite propranolol 
so ICD was implanted. 

arrhythmias in patients without 
flow-limiting CAD. 
In patients with OHCA due to 
coronary vasospasm, treatment 
with calcium channel blocking 
agents appears to prevent 
recurrent arrhythmias. 
 
 

 
 

Data Supplement 20. Nonrandomized Trials, Observational Studies, and/or Registries for Post CABG VT/VF ς (Section 7.1.1.2) 
Author; 

Year Published 
Study Type/Design; 

Study Size 
Patient Population 1° Endpoint and Results 

(P values; OR or RR;   
& 95% CI) 

Summary/Conclusion 
Comment(s) 

 Saxon et al. 
1995 (148) 
 7856540 

 

Study type:   
retrospective single 
center cohort  
 
Size:    17 patients  
 

17 patients UCLA 
medical center with 
new-onset sustatined 
VT/VF within 30 d of 
CABG between 1981-
1993 compared to 
119 control patients 
1992-1993 without 
VT/VF post-CABG 
 

VT/VF patients had lower LVEF, more 
likely to have had MI <2 w before 
CABG, graft to chronically occluded 
vessel 
 
Sustained MMVT 11/17 patients 
(65%) and most (64%) had no 
evidence of peri-op MI.  Those with 
MMVT, 80% inducible at EPS 
 
Polymorphic VT/VF 6/17 patients 
(35%) and most had peri-op MI (67%) 
and only 2/6 (33%) had inducible VT 
at EPS  

 Conclusions:  
New onset MMVT is usually associated 
with old infarct/scarring (and many 
inducible at EPS)  
 Polymorphic VT/VF usually associated 

with ischemia. 
 Polymorphic VT/VF occurring after 

CABG warrants a therapeutic approach 
targeting treatment of MI. 
 

 Ascione et al. 
2004 (149) 
 15120824 

 
 

Study type:   
retrospective single 
center cohort  
 
Size:    4411 patients 
undergoing CABG 

Cases CABG patients 
4/1996-9/2001 with 
VT/VF post-op 
compared to controls 
without.  Assessed 

Factors associated with VT/VF age 
<65 y, female, low BMI, unstable 
angina, reduced LVEF, and need for 
inotrope or IABP 
 

 Results (cont.):  
5/12 (42%) intraoperative VT/VF died in 
the hospital, as compared with 10/55 
(18%) with VT/VF in post-op period 
(p=0.08).  Those with post-op VT/VF, 27 

http://www.ncbi.nlm.nih.gov/pubmed/7856540
http://www.ncbi.nlm.nih.gov/pubmed/15120824
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including 69 patients 
with post op VF/VT  
 

factors associated 
with post-op VT/VF 
 
None of the VT/VF 
patients underwent 
ICD placement.  
 

Off-pump CABG associated with 
protective effect (OR: 0.53; 95% CI: 
0.25ς1.13) 
 
Long term survival was similar 
between groups (2 y 98.2% VT/VF 
surviving to discharge vs. 97% for 
control (HR: 0.96; 95% CI: 0.4ς2.3) 

(47.4%) had the event within the first 24 
h. 
 Conclusion: incidence of VT/VF is low in 

patients undergoing CABG but associated 
with high in-hospital mortality.  The late 
survival of those discharged is similar to 
controls. 

 Steinberg et al. 
1999 (150) 
 10027813 

 

Study type: cohort 
study  
 
Size: 12 patients  

Patient with sustained 
post-op VT җнп ƘǊǎ 
but <30 d after CABG 
among consecutive 
patients 382 patients 
undergoing CABG at a 
single institution 
 
Variables associated 
with the occurrence 
of VT was performed 

Results: 12 patients (3.1%) 
experienced җ1 episode of sustained 
VT 4.1±4.8 d after CABG 
 
In 11 /12 patients, no postoperative 
complication explained the VT. 1 
patient had a perioperative MI.  
 
The in-hospital mortality rate was 
25%. Among the 9 survivors, 5 had 
EPS with all inducible sustained 
monomorphic VT (matching clinical 
VT). 3/9 patients received an ICD 
before hospital discharge. Other 6/9 
patients received chronic therapy 
with AAD (primarily amiodarone).  
 
All 9 patients are alive, with a mean 
followup of 2.5 y.  
 
2 patients (1 with an ICD and 1 on 
amiodarone) had recurrent VT during 
follow-up. 

 Results (cont.): Patients with VT were 
more likely to have prior MI (92% vs. 
50%, p<0.01), severe CHF (56% vs. 21%, 
p<0.01), and LVEF <0.40 (70% vs. 29%, 
p<0.01).  
By multivariate analysis, the number of 
bypass grafts across a noncollateralized 
occluded vessel to an infarct zone was 
the only independent factor predicting 
VT. 
 Conclusions: (1) Patients who 

developed VT had a high in-hospital 
mortality rate of 25% (2) However, long-
term outcome was good (possibly related 
to antiarrhythmic or ICD). (3) predictors 
are MMVT previous MI scar and 
associated severe LV dysfunction. (4) 
Relationship was found between the 
development of VT and the placement of 
a bypass graft across a noncollateralized 
occluded coronary vessel to a chronic 
infarct zone. (5) The development of 
MMVT was typically not due to a 
detectable postoperative complication or 
ischemia.  
 

 

http://www.ncbi.nlm.nih.gov/pubmed/10027813
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Data Supplement 21. RCTs and Nonrandomized Trials, Observational Studies, and/or Registries of ICDs Primary Prevention Ventricular 
Arrhythmias and Sudden Death in Patients with Ischemic Cardiomyopathy ς (Section 7.1.2) 

Study 
Acronym; 
Author;  

Year Published  

Aim of Study; 
Study Type; 

Study Size (N) 

Patient Population Randomized Subjects Endpoint and 
Results 

 

Conclusion: 

 MADIT-I 
 Moss et 

al.1996 (42)  
 8960472 

 

Aim:  To evaluate 
whether 
prophylactic ICD, 
as compared with 
conventional 
medical therapy, 
would improve 
survival in a high-
risk group of 
patients with 
NSVT, reduced 
LVEF and previous 
MI. 
 
Study type:   
prospective 
multicenter RCT 
 
Size: 196 patients   

Inclusion: tǊŜǾƛƻǳǎ aLΣ [±9C Җор҈Σ 
NSVT, inducible VT at EPS that was 
non-suppressed with IV procainamide 
or equivalent AAD 
 
Exclusion: previous CA or VT causing 
syncope that was not associated with 
an AMI; symptomatic hypotension 
while in a stable rhythm; and MI <3 
wk, prior CABG <2 mo or PCI <3 mo, 
as were women of childbearing age 
who were not using medically 
prescribed contraceptives, patients 
with advanced cerebrovascular 
disease, patients with any condition 
other than cardiac disease that was 
associated with a reduced likelihood 
of survival for the duration of the trial, 
and patients who were participating 
in other clinical trials 

Comparator:  
Control (101 patients) 
 
Intervention:  
ICD (95 patients) 

All-cause mortality: 
Control 32% vs. ICD 
13% 
(RRR -59% ARR -
19%) 

 In patients with a prior 
MI, low EF who are at 
high risk for VT, 
prophylactic therapy 
with an ICD leads to 
improved survival as 
compared with 
conventional medical 
therapy. 

 CABG-Patch 
 Bigger et 

al.1997 (151)  
 9371853 

 

Aim:  To evaluate 
the role of ICD in 
patients after 
CABG with high 
risk of SCD 
 
Study type:   RCT 
 
Size: 900 patients   

Inclusion: Coronary artery bypass 
surgery, EF <36, SAECG positive 
 
Exclusion: sustained VT/VF, diabetes 
mellitus with poor blood glucose 
control or recurrent infections, 
previous or concomitant aortic- or 
mitral-valve surgery, concomitant 
cerebrovascular surgery, a serum 
creatinine concentration greater than 
3 mg/dl, emergency CABG, a 

Comparator:  
Control (454 patients) 
 
Intervention:  
ICD (446 patients) 
 

All-cause mortality: 
Control 18% vs. ICD 
18% 

 

 No evidence of 
improved survival among 
patients with CAD, 
reduced LVEF, and 
abnormal SAECG 
receiving prophylactic 
ICD after CABG  

http://www.ncbi.nlm.nih.gov/pubmed/8960472
http://www.ncbi.nlm.nih.gov/pubmed/9371853
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noncardiovascular condition with 
expected survival of less than 2 y, or 
an inability to attend followup visits 

 MUSTT 
 Buxton et al. 

2000 (41) 
 10874061 

Aim:  To evaluate 
the usefulness of 
EPS for risk 
stratification 
among patients 
with CAD, 
abnormal 
ventricular 
function, and 
NSVT 
 
Study type:   RCT 
 
Size: 704 patients  

Inclusion: /!5Σ [±9C Җпл҈Σ b{±¢Σ 
inducible at EPS 
 
Exclusion: H/o of syncope or had 
sustained VT/VF >48 h after the onset 
of AMI, NSVT that occurred only in 
the setting of drug-induced LQTS or 
AMI or that was attributable to acute 
metabolic disorders or drug toxicity, 
or if they had symptomatic NSVT 

If sustained VT/VF 
were induced by EPS, 
patients were 
randomized to 
antiarrhythmic 
therapy, including 
AAD and possible ICD, 
as indicated by the 
results of EP testing, 
or no antiarrhythmic 
therapy.  
 
Comparator:  
Control (353 patients) 
Inducible but no 
antiarrhythmic 
 
Intervention:  
Inducible and failed 
suppression with AAD 
and given ICD (161 
patients) 

Risk of CA or death 
from arrhythmia 
among the patients 
who received 
treatment with ICDs 
was lower than that 
among the patients 
discharged without 
(HR: 0.24; 95% CI: 
0.13ς0.45; p<0.001)  
All-cause mortality:   
Control 55% vs. ICD 
24% 
(RRR -58% and ARR -
31%) 

 Patients with CAD, left 
ventricular dysfunction, 
and asymptomatic, NSVT 
in whom sustained VAs 
cannot be induced have 
a significantly lower risk 
of SCD and lower overall 
mortality than similar 
patients with inducible 
sustained 
tachyarrhythmias. 
Important to point out 
that receipt of an ICD 
was not randomized 
treatment.  

 MADIT-II 
 Moss et al. 

2002 (44)  
 11907286 

 

Aim:  To evaluate 
the benefit of ICD 
in patients with 
prior MI and 
reduced LVEF 
 
Study type:   RCT 
 
Size: 1232 patients   

Inclusion:  Prior MI (>1 moύΣ 9C Җол҈ 
 
Exclusion: existing indication for ICD; 
NYHA class IV at enrollment; had 
undergone coronary revascularization 
<3 mo; MI <30 d, advanced 
cerebrovascular disease, childbearing 
age and not using contraceptive, 
presence of any condition other than 
cardiac disease that was associated 
with a high likelihood of death during 

Comparator: 
Control (490 patients) 
 
Intervention:  
ICD (742 patients) 
 

All-cause mortality: 
control 22% vs. ICD 
16% 
(RRR -28% and ARR -
6%) 

 In patients with a prior 
MI and advanced left 
ventricular dysfunction, 
prophylactic ICD 
improves survival and 
should be considered as 
a recommended therapy. 

http://www.ncbi.nlm.nih.gov/pubmed/10874061
http://www.ncbi.nlm.nih.gov/pubmed/11907286
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the trial, or unwilling to provide 
consent 

 DINAMIT 
 Hohnloser et 

al. 2004 (152)  
 15590950 

 

Aim:   
To assess the 
benefit of ICD in 
patients with 
recent MI and 
reduced LVEF  
Study type:   RCT 
 
Size: 674 patients   

Inclusion: Recent MI (6-40 d), EF 
Җор҈Σ standard deviation of normal-
to-normal RR intervals of 70 msec or 
less or a mean RR interval of 750 msec 
or less, ƳŜŀƴ ƘŜŀǊǘ ǊŀǘŜ җул 
beats/min 
 
Exclusion: CHF class IV; noncardiac 
disease that limited life expectancy; 
CABG performed since the qualifying 
infarction or planned to be performed 
within 4 wks after randomization; 
three-vessel PCI performed since the 
qualifying infarction; name on a 
waiting list for a heart transplant; 
current, ongoing ICD therapy; prior 
implantation of a permanent 
pacemaker; requirement for an ICD 
(i.e., sustained VT or fibrillation more 
than 48 h after the qualifying 
infarction); low probability that the 
study ICD could be implanted within 7 
d after randomization; and expected 
poor compliance with the protocol 

Comparator: 
Control (342 patients) 
 
Intervention:  
ICD (332 patients) 

All-cause mortality: 
control 17% vs. ICD 
19% 
 
 
2° outcome: 
arrhythmic death: 
12 ICD group vs. 29 
in the control group 
(HR ICD group, 0.42; 
95 95% CI 0.22 to 
0.83; p=0.009) 
 

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

 SCD-HeFT 
 Bardy et al. 

2005 (43)  
 15659722 

Aim:  Evaluate 
whether 
amiodarone or a 
conservatively 
programmed 
shock-only, single-
lead ICD would 
decrease the risk 
of death from any 
cause in a broad 

Inclusion: NYHA class I-III HF, LVEF 
Җор҈ 
 
Exclusion: Age <18 y, unable to give 
consent 

Intervention 1:  
GDMT plus a ICD (829 
patients)  
 
Intervention 2: 
GDMT plus 
amiodarone (845 
patients) 
 
Comparator 1:  

All-cause mortality:  
control 36% vs. ICD 
29% 
(RRR: -23% and ARR: 
-7%) 

 In patients with NYHA 
class II or III HF and 
[±9CҖор҈Σ ŀƳƛƻŘŀǊƻƴŜ 
has no favorable effect 
on survival, whereas 
single-lead, shock-only 
ICD therapy reduces 
overall mortality. This 
was the longest and 
largest ICD trial. 

http://www.ncbi.nlm.nih.gov/pubmed/15590950
http://www.ncbi.nlm.nih.gov/pubmed/15659722
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population of 
patients with mild-
to-moderate HF 
 
Study type:   
prospective 
multicenter RCT 
 
Size: 2521 patients   

GDMT plus Placebo 
(847 patients) 
 
 

 IRIS 
 Steinbeck et 

al. 2009 (153) 
 19812399 

 

Aim:  Test 
whether patients 
at increased risk 
who are treated 
early with an ICD 
will live longer 
than those who 
receive GDMT 
alone 
 
Study type:   
prospective RCT 
 
Size: 898 patients   

Inclusion: Recent MI (5-31 d) plus HR 
Ҕфл ōǇƳ ŀƴŘ [±9C Җпл҈ ƻǊ b{±¢ 
 
Exclusion: VAs that occurred before 
the index MI or >48 h after the MI and 
that required treatment, NYHA class 
IV drug-refractory HF, an interval of 
>31 d between MI and presentation, 
no ECG documentation within <48 h 
after the onset of chest pain, an 
indication for CABG before study 
entry, a psychiatric disorder, severe 
concomitant disease, a Hx of poor 
compliance with treatment, either the 
inability to participate in this trial or 
current participation in another trial, 
and an unstable clinical condition 

Comparator: 
Control (453 patients) 
 
Intervention:  
ICD (445 patients) 

All-cause mortality: 
control 23% vs. 22% 
 

 Prophylactic ICD 
therapy did not reduce 
overall mortality among 
patients with AMI and 
clinical features that 
placed them at increased 
risk. 

 Piccini et al. 
2009 (154)  
 19336434 

 
 
 
 

Aim:  To evaluate 
the cumulative 
evidence 
regarding the 
safety and efficacy 
of amiodarone in 
prevention of SCD 
 
Study type: Meta-

analysis of all RCT 
examining the use 

Inclusion criteria: Studies in which 
patients were randomized to 
amiodarone and placebo or inactive 
control. Additional 
inclusion criteria included: treatment 
for >30 d, followup >6 mo, and 
availability of all-cause mortality as an 
endpoint 
 
Exclusion criteria:  Studies 

1  ̄endpoint:  SCD, 
CVD, all-cause 
mortality, and the 
incidences of drug 
toxicities. 
 
Results:  Amiodarone 
decreased the 
incidence of SCD 
(7.1% vs. 9.7% [OR: 
0.71; 95% CI: 0.61ς

¶ Amiodarone 
reduces the risk of 
SCD by 29% and 
CVD by 18%, 
however, 
amiodarone therapy 
is neutral with 
respect to all-cause 
mortality  
 

 Conclusions: 
Amiodarone reduced the 
risk of SCD but is neutral 
with respect to all-cause 
mortality. 
 
 Authors suggested 

amiodarone as a viable 
alternative in patients 
who are not eligible for 
or who do not have 

http://www.ncbi.nlm.nih.gov/pubmed/19812399
http://www.ncbi.nlm.nih.gov/pubmed/19336434
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of amiodarone vs. 
placebo/control 
for the prevention 
of SCD   
 
Size: 15 trials, 
which randomized 
8,522 patients 

of patients with shock-refractory VA, 
OHCA, patients <18 y, randomization 
to amiodarone vs. a class Ic or class III 
AAD (without a placebo or standard of 
care arm). Studies of patients with 
ICDs were excluded unless used on 
both arms. 

0.84, p<0.001]) and 
cardiovascular death 
(14.0% vs.16.3% [OR: 
0.82;0.71ς0.94, 
p=0.004]). There was 
a 1.5% absolute risk 
reduction in all-cause 
mortality which did 
not meet statistical 
significance (p=0.093). 
Amiodarone therapy 
increased the risk of 
pulmonary (2.9% vs. 
1.5% [OR: 1.97;95% 
CI:1.27ς3.04, 
p=0.002]), and thyroid 
(3.6% vs. 0.4%; [OR: 
5.68; 95% CI :2.94ς
10.98, p<0.001]) 
toxicity. 

Adverse events: 
associated with a 2- 
and 5-fold increased 
risk of pulmonary 
and thyroid toxicity. 
 

access to ICD therapy for 
the prevention of SCD.  
 

 Claro et al. 

2015 (136)  
 26646017 

 
 

Aim:  To evaluate 
the effectiveness 
of amiodarone for 
1° or 2° 
prevention of SCD 
compared with 
placebo or no 
intervention or 
any other 
antiarrhythmic. 
 
Study type:   
meta-analyses 
using a random-
effects model 
 

Inclusion criteria:  Randomized 
assessing the efficacy of amiodarone 
vs. placebo, no intervention, or other 
antiarrhythmics in adults, either for 1° 
prevention or 2° prevention of SCD. 

Intervention: 
Amiodarone 
  
Comparator:  placebo, 
no intervention, ICD 
or other 
antiarrhythmics 

1  ̄endpoint:  There 
was a beneficial 
effect with 
amiodarone 
reducing the risk of 
SCD by 12%-34% 
and may reduce the 
risk of all-cause 
mortality by up to 
22% when 
compared with 
placebo or no 
intervention in a 1° 
prevention setting.  
 
 

 Conclusions: There is 
low quality evidence that 
amiodarone reduces the 
risk of SCD and may 
reduce the risk of all-
cause mortality when 
compared with placebo 
or no intervention in a 1° 
prevention setting.  
 
 The evidence regarding 

the comparison with 
other antiarrhythmics is 
of moderate quality and 
goes in the same 
direction.  
 

http://www.ncbi.nlm.nih.gov/pubmed/26646017
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Size:    24 studies 
(9,997 
participants) with 
17 studies with 
8383 patients 
identified as 
relevant 1° 
prevention trials. 

Adverse events: 
Amiodarone was 
associated with 
increased adverse 
effects, both thyroid 
and pulmonary 
(based on 12 
studies), and 
increased risk of 
discontinuation 
(based on 13 
studies) when 
compared with 
placebo. 

 Stresses the 
importance for people in 
low-income countries, 
where an ICD may not be 
available. 

 Owens DK et 
al. 2002 (139) 

 12228780 

Aim: Evaluated 
whether risk 
stratification 
based on risk 
ofSCD alone was 
sufficient to 
predict the 
effectiveness and 
cost-effectiveness 
of the ICD. 

Markov model to evaluate the cost-
effectiveness of ICD implantation 
compared with empiric amiodarone 
treatment. The model incorporated 
mortality rates from sudden and 
nonsudden cardiac death, noncardiac 
death and costs for each treatment 
strategy. Model assumed that the ICD 
reduced total mortality rates by 25%, 
relative to use of amiodarone. 

Results: cost-effectiveness becomes 
unfavorable at both low and high total 
cardiac mortality rates.  
If the annual total cardiac mortality rate is 
12%, the cost-effectiveness of the ICD varies 
from $36,000 per quality-adjusted life-year 
(QALY) gained when the ratio of sudden 
cardiac death to nonsudden cardiac death is 
4 to $116,000 per QALY gained when the 
ratio is 0.25. 

 The cost-effectiveness 
of ICD use relative to 
amiodarone depends on 
total cardiac mortality 
rates as well as the ratio 
of sudden to nonsudden 
cardiac death. 

 Cantero-
Pérez EM, et al. 
2013 (155) 

 24314988 

Aim: To evaluate 
the effectiveness 
of ICDs for primary 
prevention in 
patients with LVEF 
Җол҈ ƛƴŎƭǳŘŜŘ ƻƴ 
the heart 
transplantation list 
 
Size: Patients who 
received ICDs for 
primary 
prevention (N=28) 

Inclusion criteria: 
Records from patients accepted for 
heart transplantation from January 1, 
2006, to July 30, 2012, and whose 
LVEF was <31% were reviewed 

Results: 
Median follow-up of 77 d  
overall mortality in the ICD group was 7.1% 
(2/28) and in the non-ICD group was 17.6% 
(9/51; p=0.062).  
Cause of death in patients without ICDs: 
Sudden death (5/9, 55.6%),  
HF (4/9, 44.4%).  
Cause of death in patients with ICDs: HFheart  

 Appropriate ICD 
therapies were recorded 
in 42.9% (12/28) in this 
population. 

https://www.ncbi.nlm.nih.gov/pubmed/?term=12228780
https://www.ncbi.nlm.nih.gov/pubmed/?term=24314988
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were compared 
with patients 
without ICDs 
(N=51) 

 Fröhlich GM, 
et al. 2013 
(156) 

 23813845 

Aim: To delineate 
the role of ICD 
therapy for the 
primary and 
secondary 
prevention of SCD 
in patients listed 
for heart 
transplantation 
 
Size: N=1089 

Inclusion criteria:  
Patients listed for heart 
transplantation in 2 tertiary heart 
transplant centres were enrolled. Of 
550 patients (51%) on the transplant 
list with an ICD: 
primary prevention ICD: N=216  
secondary prevention ICD: N=334  

Results: 
Median time on the waiting list = 8 mo 
(estimated 1-year: 88±3% vs. 77±3% vs. 
67±3%; p=0.0001).  
An independent beneficial effect of ICDs that 
was most pronounced in patients who had 
received an ICD for primary prevention (HR: 
0.4, 95% CI: 0.19ς0.85; p=0.016). 

 ICDs appear to be 
associated with a 
reduction in all-cause 
mortality in patients 
implanted with the 
device for primary and 
secondary prevention 
compared to those 
without an ICD. 

 Gandjbakhch 
E, et al. 2016 
(157) 

 27344378 

Aim: To evaluate 
the ICD benefit on 
mortality in 
patients with end-
stage HF listed for 
heart 
transplantation  
 

Size: N=380 

consecutive 
patients listed for 
heart 
transplantation 
between 2005 and 
2009 in A tertiary 
heart transplant 
centre  

Inclusion criteria: 
Patients with end-stage HF receiving 
an ICD before or within 3 mo after 
being listed for heart transplantation 

Results: 
15.6% of patients died while awaiting heart 
transplantation.  
Non-ICD patients presented more often 
haemodynamic compromise. 
ICD did not remain an independent predictor 
of death. 
Death by haemodynamic compromise (76.3% 
of deaths), which occurred more frequently 
in the non-ICD group (14.7% vs. 5.8%; log-
rank p=0.002).  
 
Unknown/arrhythmic deaths did not differ 
significantly between the two groups (3.9% 
vs. 1.7%; log-rank p=0.21).  

 Need for mechanical 
circulatory support 
(p<0.001), low EF 
(p=0.001) and 
registration on the 
regular list (p=0.008) 
were the only 
independent predictors 
of death. 
 ICD-related 

complications occurred 
in 21.4% of patients, 
mainly as a result of 
postoperative worsening 
of HF (11.9%). 

 Vakil K, et al. 
2016 (158) 

Aim: To assess the 
impact of ICD on 
waitlist mortality 
in patients listed 

Inclusion criteria: 
!Řǳƭǘǎ όŀƎŜ җму ȅ) listed for first-time 
heart transplantation in the US 
between January 1, 1999, and 
September 30, 2014, were 

Results: 
Median follow-up of 154 days,  
3,638 patients (11%) died on the waitlist (9% 
in ICD group vs. 15% in no-ICD group; 

 In the subgroup of 
patients with LVAD (N= 
9,478), having an ICD was 
associated with an 
adjusted 19% relative 

https://www.ncbi.nlm.nih.gov/pubmed/23813845
https://www.ncbi.nlm.nih.gov/pubmed/?term=27344378
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for heart 
transplantation 
 
Size: N=32,599 

retrospectively identified from the 
United Network for Organ Sharing 
registry. 

p<0.0001), whereas 63% underwent heart 
transplantation.  
An ICD at listing was associated with an 
adjusted 13% relative reduction in mortality 
(HR: 0.87; 95% CI: 0.80ς0.94).  

reduction in mortality 
(HR: 0.81; 95% CI: 0.70ς
0.94). 

 

Data Supplement 22. RCTs Evaluating Treatment and Prevention of Recurrent Ventricular Arrhythmias in Patients with Ischemic Heart 
Disease ς (Section 7.1.3) 

Study 
Acronym; 
Author;  

Year Published 

Aim of Study; 
Study Type; 

Study Size (N) 

Patient Population Study Intervention  
(# patients) /  

Study Comparator  
(# patients) 

Endpoint Results 
(Absolute Event 

Rates,  
P values; OR or RR; & 

95% CI) 

Relevant 2̄ Endpoint (if any); 
Study Limitations; 

Adverse Events 

 OPTIC  
 Connolly et 

al. 2006 (159) 
 16403928 

Aim: Determine 
whether 
amiodarone plus BB 
or sotalol are better 
than BB alone for 
prevention of ICD 
shocks. 
 
Study type: RCT 
 
Size: 412 patients 

Inclusion criteria:  Patients 
who had received an ICD 
within 21 d for inducible or 
spontaneous VT/VF 
 
Exclusion criteria: Long QT 
syndrome, corrected QT 
interval of more than 450 
ms, already receiving or 
recent treatment with a 
class I or class III 
antiarrhythmic agent, 
creatinine clearance less 
than 30 mL/min, AF likely to 
require use of a class I or 
class III antiarrhythmic 
agent, absence of SHD, 
NYHA class IV HF 

Intervention: 
amiodarone plus BB 
or sotalol 
  
Comparator: BB alone 

1  ̄endpoint:  ICD 
shock for any reason. 
Shocks occurred in 41 
patients (38.5%) 
assigned to BB alone, 
26 (24.3%) assigned 
to sotalol, and 12 
(10.3%) assigned to 
amiodarone plus BB 
(HR: 0.44; 95% CI: 
0.28ς0.68; p<0.001). 
 
Safety endpoint: NA 
 

 Amiodarone plus BB 
significantly reduced the risk of 
shock compared with BB alone 
(HR: 0.27; 95% CI: 0.14ς0.52; 
p<0.001) and sotalol (HR: 0.43; 
95% CI: 0.22ς0.85; p=0.02). 
There was a trend for sotalol to 
reduce shocks compared with 
BB alone (HR: 0.61; 95% CI: 

0.37ς1.01; p=0.055). 
 Adverse pulmonary and 

thyroid events and 
symptomatic bradycardia were 
more common among patients 
randomized to amiodarone. 
 
 Conclusions: Despite use of 

advanced ICD technology and 
treatment with a BB, shocks 
occur commonly in the first 
year after ICD implant. 
Amiodarone plus BB is effective 

http://www.ncbi.nlm.nih.gov/pubmed/16403928
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for preventing these shocks 
and is more effective than 
sotalol but has an increased 
risk of drug-related adverse 
effects.  

 Pacifico et al. 
1999 (160)  
 10369848 

 

Aim: Efficacy and 
safety of sotalol to 
prevent shocks from 
ICDs 
 
Study type: 
prospective, RCT 
double-blind 
 
Size: 302 patients 

Inclusion criteria: age >18 y, 
life-threatening VT that were 
not due to a reversible 
cause; had received their 
first or a replacement ICD 
within 3 mo before 
enrollment (patients with 
replacement defibrillators 
had to have received at least 
one shock during the 
preceding 6 mo); had a ICD 
that provided tiered therapy 
with EGM and separate 
logging of shocks 
 
Exclusion criteria:  incessant 
VT; had received AAD 
therapy <5 half-lives of the 
drug before randomization 
in the case of class I and III 
agents (and <3 mo before 
randomization in the case of 
amiodarone); had a QT 
interval of more than 450 
msec (or a JT interval of 
more than 360 msec) in the 
absence of drug therapy; 
had a LQTS, including 
prolongation of the QT 
interval in response to 
specific drugs; had unstable 
coronary syndromes or had 

Intervention: 160 to 
320 mg of sotalol per 
day 
  
Comparator: 
matching placebo  

1  ̄endpoint: 
Treatment with 
sotalol was 
associated with a 
lower risk of death 
from any cause or the 
delivery of a first 
shock for any reason 
(reduction in risk 
48%; p<0.001; first 
appropriate shock for 
a va or death from 
any cause was also 
reduced (reduction in 
risk, 44%; p=0.007), 
 
Safety endpoint:  
Bradycardia was 
more common in 
sotalol group, but 
only 2 patients 
discontinued therapy 
because of it; 3 
patients in each 
group had HF. 
 

 First inappropriate shock for 
a SVT or death from any cause 
was reduced with sotalol 
(reduction in risk, 64%; 
p=0.004). 
 Sotalol also reduced the 

mean frequency of shocks due 
to any cause (1.43±3.53 
shocks/y, as compared with 
3.89±10.65 in the placebo 
group; p=0.008). 
 
 Conclusions: Oral sotalol was 

safe and efficacious in reducing 
the risk of death or the delivery 
of a first defibrillator shock 
whether or not ventricular 
function was depressed.  
 

http://www.ncbi.nlm.nih.gov/pubmed/10369848
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had an AMI less than two 
weeks before screening; had 
intractable HF (NYHA class 
IV); were candidates for 
heart transplantation; or had 
a medical condition that was 
likely to be fatal in less than 
2 y. 

 Kettering et 
al. 2002 (161) 
 12494613 

 

Aim: Efficacy of 
metoprolol vs. 
sotalol in 
preventing 
recurrent VT in 
patients with ICDs 
 
Study type: 
prospective, RCT 
 
Size: 100 patients 

Inclusion criteria: ICD 
implanted for sustained VT 
or VF 
 
Exclusion criteria: 
Contraindications for 
metoprolol or sotalol; AMI 
within the 
last 4 wk; unstable angina; 
severe concomitant diseases 

Intervention: 40-480 
mg sotalol daily 
  
Comparator: 25-200 
mg daily metoprolol 
tartrate 

1  ̄endpoint: VT/VF 
recurrence requiring 
ICD intervention; 33 
events in patients 
treated with 
metoprolol vs. 30 in 
patients receiving 
sotalol (p=0.68) 
 
Adverse Events: 5 
metoprolol and 6 
sotalol patients 
required dose 
reduction for fatigue, 
dizziness, HF 

 Conclusions:  No significant 
difference in freedom from ICD 
therapies between metoprolol 
and sotalol group (p=0.68) 
 
 

 Echt et al. 
1991 (162) 

 1900101 

Aim: Examine the 
mortality and 
morbidity after 
randomization to 
encainide or 
flecainide or their 
respective placebo. 
 
Study type: RCT 
 
Size: 1498 patients 

Inclusion: 6 d - 2 y after MI if 
they had an average of җс 
PVCs/h on ambulatory 
electrocardiographic 
monitoring of at least 18 h 
duration, and no runs of VT 
of җ15 beats at a rate of 
җмнл ōŜŀǘǎ/mim. EF Җ0.55 if 
recruited within 90 d of the 
MI, or 9C Җ0.40s if recruited 
90 d or more after the MI. 
 
Exclusion: as above 

Intervention: 
encainide or 
flecainide 
 
Comparator: placebo 

1  ̄endpoint: 
arrhythmic death or 
cardiac arrest 
 
After a mean 
followup of 10 mo, 89 
patients had died: 59 
of arrhythmia (43 
receiving drug vs. 16 
receiving placebo; 
p=0.0004) 

 Conclusions: Excess of deaths 
due to arrhythmia and deaths 
due to shock after acute 
recurrent MI in patients 
treated with encainide or 
flecainide. Nonlethal events, 
however, were equally 
distributed between the active-
drug and placebo groups.  

http://www.ncbi.nlm.nih.gov/pubmed/12494613
https://www.ncbi.nlm.nih.gov/pubmed/?term=1900101
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 Seidl et 
al.1998 (163)  
 9761084 

 
 

Aim:  efficacy of d,l-
sotalol and 
metoprolol in 
preventing 
recurrence of 
arrhythmic 
events after ICD 
implantation. 
 
Study type:   
prospective, RCT 
 
Size:  70 patients 

Inclusion criteria:  Patients 
with ICD and Hx of VT/VF 
 
Exclusion criteria: AMI 
within 1 wk; 
contraindications 
for BB; Hx of proarrhythmia 
caused by d,l-sotalol 

Intervention: 
metoprolol (mean 
dosage 104+37 mg/d) 
  
Comparator:  d,l-
sotalol (mean dosage 
242± 109 mg/d) 

1  ̄endpoint:  
Actuarial rates for 
absence of VT 
recurrence at 1 and 2 
y were significantly 
higher in the 
metoprolol group 
compared with the 
d,l-sotalol group (83% 
and 80% vs 57% and 
51%, respectively, 
p=0.016). 
 
Safety endpoint:  HF 
led to drug 
discontinuation in 9% 
in each group. 

¶ 2 episodes of 
proarrhythmia in 
sotalol group. 

 Conclusions:  The recurrence 
rate of VT in patients treated 
with metoprolol was lower 
than in patients treated by d,l-
sotalol.  No difference in 
overall survival 
 
 
 

 Kuhlkamp et 
al. 1999 (164) 
 9935007 

 

Aim: Evaluate 
efficacy of sotalol in 
preventing 
recurrences of VT 
 
Study type: 
prospective, RCT 
 
Size: 146 patients 

Inclusion criteria: Patients 
with inducible sustained VT 
or VF 
 
Exclusion criteria: non-
syncopal sustained VT; 
contraindications to BB; 
limited projected survival 
due to comorbid disease 

Intervention: Patients 
whose VT was 
suppressed on sotalol 
were treated with it; 
patients whose VT 
was not suppressed 
on sotalol received an 
ICD and were 
randomized to 
treatment with sotalol 
or no antiarrhythmic 
therapy 
  
Comparator: no 
antiarrhythmic   

1  ̄endpoint: 25 
patients (53.2%) in 
the ICD-only 
group had a VT/VF 
recurrence in 
comparison to 15 
patients (28.3%) in 
the sotalol group and 
15 patients (32.6%) in 
the 
ICD/sotalol group (p 5 
0.0013). 
 
Safety endpoint:  
Intolerance to 
treatment with 
d,lsotalol (overt 

No difference in total mortality 
among the 3 groups 
 
Conclusion: Sotalol significantly 
reduces the incidence of 
recurrences of sustained VT in 
comparison to no AAD 
treatment 
 
 

http://www.ncbi.nlm.nih.gov/pubmed/9761084
http://www.ncbi.nlm.nih.gov/pubmed/9935007
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cardiac failure, 
symptomatic 
hypotension or 
Bradycardia) 

 MADIT-II 
substudy 
 Brodine et al. 

2005 (165) 
 16125497 

Study type: 
Retrospective, 
observational 
 
Size: 720 patients 
who received ICDs 

Inclusion criteria: ischemic 
cardiomyopathy, EF<30%, 
randomized to ICD arm 
 
Exclusion criteria: Patients 
who were not randomized to 
ICD therapy  

1  ̄endpoint:  
Appropriate ICD 
therapy for VT/VF; 
survival 
 
Results:  Patients in 
the top quartile of BB 
doses had a significant 
reduction in the risk 
of VT or VF requiring 
ICD therapy compared 
with patients not 
receiving BB (HR: 
0.48; p=0.02). BB use 
was also associated 
with significant 
improvement in 
survival compared 
with the nonuse of BB 
(HR: 0.4; p<0.01).  

The frequency of 
inappropriate ICD 
therapy for SVT 
was not significantly 
different among the 3 
treatment groups 
(p=0.32). 
 

 Conclusion: Beta blockers 
reduce the risk for VT or VF and 
improve survival in ICD-treated 
patients with ischemic 
cardiomyopathy. 

 SMASH VT 
 Reddy et al. 

2007 (166) 
 18160685 

 

Aim:  To determine 
whether 
prophylactic 
substrate based 
catheter ablation in 
sinus rhythm 
decreases ICD 
therapies after MI  
 
Study type:   RCT 
prospective 
 
Size:  128 patients 

Inclusion criteria:  ŀƎŜ җму y 
with MI at least 1 mo 
previously and a Hx of VF, 
Hemodynamically unstable 
VT, or Syncope with 
inducible VT and ICD 
implantation 
 
Exclusion criteria: 
Treatment with AAD, 
ischemia induced VT/VF, or 
incessant VT or VF 

Intervention: 
Substrate based 
catheter ablation of 
arrhythmogenic 
myocardium during 
sinus rhythm (N=64) 
  
Comparator: Standard 
ICD follow-up (N=64) 

1  ̄endpoint 
After 2 y of follow-up, 
ICD therapies 
occurred in 12% of 
patients randomized 
to catheter ablation 
and 33% in the 
control group (HR 
0.35; CI 0.15ς0.78, 
p=0.007) 

 Trend towards reduced 
mortality after 2 y in the 
ablation group (9% vs 17%, 
p=0.06) 
 
 No difference in left 

ventricular function or NYHA 
functional class during follow-
up. 
 
 
 

http://www.ncbi.nlm.nih.gov/pubmed/16125497
https://www.ncbi.nlm.nih.gov/pubmed/?term=18160685
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 VANISH 
 Sapp J. et al. 

2016 (167) 
 27149033 

Aim:  To determine 
whether catheter 
ablation decreases 
ICD therapies in 
patients with 
ischemic 
cardiomyopathy 
with a Hx of VT or 
VF despite the use 
of AAD 
 
Study type:   
randomized, 
prospective 
 
Size:  259 patients 

Inclusion criteria:  Prior MI, 
ICD implantation, at least 1 
episode of VT during 
treatment with amiodarone 
or another class I or class III 
AAD within the previous 6 
mo 
Exclusion criteria: Failure to 
give informed consent 

Intervention: 
Randomized 1:1 to 
catheter ablation or 
escalated AAD 
therapy (escalated-
therapy group), 
(N=132) 
  
Comparator:  
Escalated drug 
therapy: Amiodarone 
loading then amio 200 
mg/d (if on Sotalol) or 
Amiodarone reloading 
then 300 mg/d if on 
amiodarone <300 
mg/d, 
Or addition of 
mexiletine 200 mg TID 
to amiodarone 300 
mg/d if on 
amiodarone 300 mg/d 
(N=127) 

1  ̄endpoint 
The 1° outcome 
occurred in 78 of 132 
patients (59.1%) in 
the ablation group 
and in 87 of 127 
patients (68.5%) in 
the escalated-therapy 
group. The rate of the 
1° outcome was 
significantly lower in 
the ablation group 
than in the escalated-
therapy group 
(HR:0.72; 95% 
CI:0.53ς0.98; p=0.04)  
 
This difference was 
driven by trends 
toward reductions in 
rates of appropriate 
shocks and episodes 
of VT storm  

 VT storm occurred in 32 
patients (24.2%) in the ablation 
group and 42 patients (33.1%) 
in the escalated-therapy group 
(HR: 0.66; 95% CI: 0.42ς0.05 
p=0.08). Appropriate ICD 
shocks occurred in 50 patients 
(37.9%) and 54 patients 
(42.5%), respectively (HR: 0.77; 
95% CI: 0.53ς1.14; p=0.19). 
 
 36 patients (27.3%) in the 

ablation group and 35 (27.6%) 
in the escalated-therapy group 
died (HR: 0.96; 95% CI: 0.60ς
1.53; p=0.86).  
 

 VTACH Trial 
 Kuck KH, et 

al. 2010 (168) 
 20109864 

To determine 
whether catheter 
ablation reduces 
the risk of VT 
recurrence in 
patients with 
Ischemic 
Cardiomyopathy, 
stable VT, and an 
ICD compared with 
ICD and continued 
medical Rx alone 
Study Type 
RCT 

Inclusion Criteria: Patients 
age 18-80 y with prior MI, 
CAD, clinically 
hemodynamically stable VT, 
reduced LVEF <0.50, ICD 
indication 
 
Exclusion Criteria 
MI or Cardiac Surgery within 
1 mo, LV thrombus, artificial 
heart valve, incessant VT, 
impaired renal function, life 
expectancy <1 y.   

Study Intervention 
ICD plus catheter 
ablation of all 
inducible VTs or 
elimination of 
substrate for non-
inducible VT 
(N=52) 
 
Comparator 
ICD and continued 
medical therapy 
(N=55) 

After 24 mo, 47% of 
patients in the 
ablation group and 
29% of controls were 
free of recurrent VT 
(HR: 0.61;95% CI 
0.37ς0.99, p=0.044). 
 

 Patients with LVEF >0.30 had 
greater reduction of VT with 
catheter ablation than did 
patients with more severe LV 
dysfunction (freedom from VT 
in 48% with ablation vs 27% of 
controls, (HR:0.47; 95% CI 
0.24ς0.88, p=0.016). 
 
 No difference in VT storm, 

syncope, or death between 
ablation and controls. 
 
 

https://www.ncbi.nlm.nih.gov/pubmed/?term=27149033
https://www.ncbi.nlm.nih.gov/pubmed/?term=20109864
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Study Size 
107 patients 

 CALYPSO 
 Al-Khatib S. 

et al. 2015 
(169) 

 25332150 

Aim 
Pilot study to 
determine 
feasibility of RCT of 
catheter ablation of 
VT vs. AAD when 
used early in the 
course of patients 
with CAD who 
experience ICD 
therapies. 
Study Type 
Pilot RCT 
Study size  
27 patients 

Inclusion Criteria 
Patients with CAD, ICDs, who 
had received >1 ICD shock or 
>3 ATP therapies for VT 
 
Exclusion Criteria 
Present AAD, Incessant VT, 
VT due to reversible cause 

Intervention 
Catheter ablation of 
VT (N=13) 
 
Comparator 
AAD(N=14) 

1° Endpoint 
Mean time to 
recurrent VT was 75 d 
in ablation arm and 
57 d in AAD arm. 
 
There were 2 deaths 
in both arms of the 
study  

 Of 243 screened patients, 27 
were enrolled.  
 Presently on AAD (88, 41%), 

VT due to reversible cause (23, 
11%), and incessant VT (20, 
9%). 

 

 

Data Supplement 23. Nonrandomized Trials, Observational Studies, and/or Registries of Treatment of Recurrent Arrhythmias in IHD ς 
(Section 7.1.3) 

Study Acronym; 
Author; 

Year Published 

Study Type/Design; 
Study Size 

Patient Population 1° Endpoint and Results 
(P values; OR or RR;   

& 95% CI) 

Conclusions 

 Blanck et al. 
1993 (170) 
 8269297 

 

Study type:    
Single Center Review 
 
Size:    48 patients 

Inclusion criteria:   
All patients at single center 
with BBRVT diagnosed at EPS 
between 1980-1992 
Criteria: 

1) Typical RBBB or LBBB 
QRS morphology 
during VT 

Results:   
45 of 48 patients had SHD 
SHD was NICM in 16 patients, 
ischemic cardiomyopathyin 23 
patients, V HD in 2 patients 
 
Mean LVEF 23.2% 
 

 BBRVT typically occurs in patients 
with SHD from a variety of causes in 
patients with prolonged HV 
conduction intervals. 
 
 BBRVT is associated with aborted 

SCD, Syncope, and Palpitations 
 

https://www.ncbi.nlm.nih.gov/pubmed/?term=25332150
http://www.ncbi.nlm.nih.gov/pubmed/8269297
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2) QRS preceded by His 
and appropriate 
bundle branch 
potential 

3) Stable HV, RB-V, or 
LB-V interval 

4) Induction dependent 
on HV delay 

5) Termination by block 
in HPS 

6) Noninducibility after 
RBB ablation 

  

Clinical Presentation 
Aborted SCD in 26% 
Syncope in 51% 
Sustained palpitations in 10% 
 
Mean HV interval in sinus 80.4 
msec 
 
QRS morphology in VT 
LBBB in 46 patients 
RBBB in 5 patients 
Interfascicular reentry in 2 patients 
 
Catheter Ablation 
Performed in 28 patients targeting 
the RBB in 26 patients and LBB in 2 
patients 
Successful ablation of VT in 100% 
No Complications observed.  

 BBRVT is most commonly 
associated with a LBBB QRS 
morphology, and less commonly 
with RBBB or Interfascicular QRS 
morphologies 
 
 Catheter ablation targeting the 

RBB or LBB is highly effective and 
associated with a low risk of serious 
complications. 
 

 Brugada J et al. 
2001 (171) 

 11216974 

Study type: 
prospective  
 
Size: 61 patients 

Inclusion: prior MI, 
spontaneous VA not related to 
an acute ischemic event and 
coronary lesions requiring 
revascularization 
 
Exclusion: n/a 
 
Protocol: EP performed before 
and after revascularization 

Results: 61 patients were inducible 
into sustained VA.  
 
After revascularization, 52 of 59 
patients previously inducible were 
still inducible (group A), and 10 
patients were noninducible (group 
B).  
 
No differences were found in 
clinical, hemodynamic, therapeutic 
and electrophysiological 
characteristics between both 
groups.  
 
During 32 +/- 26 mo followup, 
28/52 patients in group A (54%) 

 In patients with VA in the chronic 
phase of MI, probability of 
recurrence is high despite coronary 
artery revascularization, but 
mortality is low if combined with 
appropriate AAD.  
 

 Recurrences: lower EF predicted 
higher recurrence rate but not 
ischemia before revascularization, 
amiodarone or BB therapy or EP 
study after revascularization. An EF 
<30% predicted recurrent 
arrhythmic events (p=0.02), but not 
the presence of demonstrable 
ischemia before revascularization 
(p=0.42), amiodarone (p=0.69) or 

https://www.ncbi.nlm.nih.gov/pubmed/?term=11216974
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and 4/10 patients in group B (40%) 
had arrhythmic events (p =0.46).  
 
Total mortality was 10% in both 
groups. 

beta-adrenergic blocking agent 
therapy (p=0.53). 

 Sears et al. 1999 
(172) 

 10410293 

Study type: literature 
review 

Inclusion: studies assessing 
psychological impact of ICD 
and shocks  

Results:  13-38% of recipients 
experiencing diagnosable levels of 
anxiety.  
 
Specific ICD-related concerns such 
as fear of shock, fear of device 
malfunction, fear of death, and fear 
of embarrassment have been 
identified.  
 
 

 Conclusions: Psychosocial 
adjustment risk profiles indicate that 
young ICD recipients and those with 
high discharge rates may experience 
the most adjustment difficulties 

 Lopera et al. 
2004 (173) 
 15028072 

 
 

Study type:    
Single Center Review 
 
Size:    20 patients 

Inclusion criteria:   
His Bundle, LBB, or RBB 
potential closely associated 
with QRS with any of 
the following: 

1) H-H interval variation 
preceding similar V-V 
interval variation; 

2) Anterograde 
activation of the 
bundle branches 
during tachycardia; 
or, 

3) Abolition of VT by 
bundle branch 
ablation. 

 
Exclusion criteria:  None 

Results:   
HPS VT induced in 20 of 234 
consecutive patients referred for 
VT ablation 
 
NICM: 9 of 81 patients (11%) had 
HPS VT 
ICM:  11 of 153 patients (7.1%) had 
HPS VT 
Mean LVEF 29+17% 
 2 of 20 patients had normal LVEF 
 
Clinical Presentation 
ICD Shocks in 10 patients 
Syncope in 3 patients 
Other symptoms in 7 patients 
 
Typical BBRVT in 16 of 20 patients 
(all had LBBB QRS morphology) 
13 of 16 patients BBRVT 
successfully ablated by RBB 

 BBRVT occurs in patients with 
both NICM and ischemic 
cardiomyopathy, usually with 
impaired LVEF.   
 
 BBRVT is most commonly 

associated with a LBBB QRS 
morphology, and less commonly 
with RBBB or Interfascicular QRS 
morphologies 
 
 Catheter ablation targeting the 

RBB or LBB is highly effective and 
associated with a low risk of serious 
complications if only one BB is 
targeted and a higher risk of AV 
block if both BBs are targeted for 
ablation. 
 

https://www.ncbi.nlm.nih.gov/pubmed/?term=10410293
http://www.ncbi.nlm.nih.gov/pubmed/15028072
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ablation and 3 of 16 by LBB 
ablation. 
HV interval prolonged from 70+5.9 
msec to 83+17 msec after ablation. 
 
Typical BBRVT and Interfascicular 
VT in 2 of 20 patients.  Ablation of 
both the RBB and portion of LBB 
eliminated VT in both patients, 
complicated by AV block in 1 pt. 
 
Focal Mechanism from BBs in 2 
patients, one in RBB, one in LBB. 
Ablation eliminated focal VT in 
both patients, complicated by AV 
block in 1 pt. 

 Mehdirad et 
al.1995 (174) 
 8771124 

 

Study type:    
Single Center Review 
 
Size:    16 patients 

Inclusion criteria:   
All patients undergoing RF 
catheter ablation of the RBB 
for BBRVT 
 

Results:   
HV interval 68+8 msec at baseline 
LVEF mean 31+15% 
 
RBBB developed in 15/16 patients 
after RBB ablation 
AV block occurred in 1 pt 
After mean of 19±10 mo, one 
patient died suddenly, 2 received 
cardiac transplantation, and 1 died 
of CHF.  

 Catheter ablation of the RBB is 
effective for the treatment of BBRVT  
 
 BBRVT is associated with 

prolonged HV conduction intervals. 
 
 The medium term followup after 

catheter ablation of the RBB is 
overall quite good. 

 HELP-VT 
 Dinov B, et al. 

2014 (175) 
 24211823 

Aim:   
To determine the 
outcome of VT 
catheter ablation in 
patients with NICM to 
those with ICM 
Study type:    
Prospective, non-
randomized 
Size:  227 patients   

Inclusion criteria:   
Patients with SHD referred for 
catheter ablation of VT with 
either NICM (N=63) or 
ischemic 
cardiomyopathy(N=164) 
 
Exclusion criteria:   
Failure of informed consent  
 

1  ̄endpoint:  At 1 y follow-up, VT 
free survival was 57% for ischemic 
cardiomyopathyand 40.5% for 
NICM patients (HR: 1.62; 95% CI 
1.12ς2.34, p=0.01).  ischemic 
cardiomyopathyrequired epicardial 
ablation in only 2 of 164 (1.2%) 
whereas NICM required epicardial 
ablation in 30.8% (p=0.0001). 
 

Complications 
Complications occurred in 11.1% of 
NICM and 11.1% of ischemic 
cardiomyopathypatients, including 
death in 4.8% of NICM and 3.7% of 
ischemic cardiomyopathy  
 
 

http://www.ncbi.nlm.nih.gov/pubmed/8771124
https://www.ncbi.nlm.nih.gov/pubmed/?term=24211823
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Intervention:  
Catheter ablation for patients 
with NICM 
 
Comparator:    
Catheter ablation in patients 
with ICM 

 
 

 Euro-VT Study 
 Tanner H 2010 

(176) 
 19656251 

 

Aim 
To determine the 
safety and efficacy of 
electroanatomic 
mapping and irrigated 
RF catheter ablation 
for VT after MI 
 
Study Type: 
Multicenter, non-
randomized 
 
Study Size 
63 patients 
 

Inclusion Criteria 
Drug and device refractory, 
recurrent sustained VT after 
MI. 
>4 episodes of sustained VT in 
prior 6 mo. 
 
Exclusion Criteria 
Age <18 y 
MI within 2 mo 
LV Thrombus 
Unstable Angina 
Severe AS or MR 
Unwillingness to participate  
 
Intervention 
Electroanatomic mapping and 
ablation with open-tip 
irrigated catheter. 

1  ̄endpoint: 
Acute success with ablation was 
achieved in 83% of mappable VTs 
and 40% of non-mappable VTs 
(p<0.0001). 
 
During 12mo follow-up, VT 
recurred in 49% of patients. 
 
The mean number of therapies 
dropped from 60±70 prior to 
ablation to 14±15 in the same 
period of time (6 mo) after ablation 
(p= 0.02). 
 
 

Complications 
Major complications occurred in 
1.5% and minor complications in 5% 
of patients, particularly groin 
hematomas, with no procedural 
deaths. 

 Post-approval 
Thermocool Trial 
 Marchlinski F 

2016 (177) 
 26868693 

 

Aim 
To evaluate long-term 
safety and 
effectiveness of RF 
catheter ablation for 
VT in patients with 
CAD 
 
Study Type: 
Multicenter, non-
randomized 

Inclusion Criteria 
Patient with coronary disease, 
ŀƎŜ җму ȅ ŀƴŘ [±9C җмл҈ ǿƛǘƘ 
ǊŜŎǳǊǊŜƴǘ ±¢ όŜƛǘƘŜǊ җ4 
episode documented by ICD, 
җн ŜǇƛǎƻŘŜ ŘƻŎǳƳŜƴǘŜŘ ōȅ 
ECG in patients without ICD, 
incessant VT or symptomatic 
VT despite AAD treatment 
 
Exclusion Criteria 

1  ̄endpoint: 
At 6 mo: 62% without VT 
recurrence, proportion of patients 
with ICD shock reduced from 81.2 
όǇǊŜύ ǘƻ нсΦу҈ ŀƴŘ җ50% reduction 
in VT episodes in 63.8% of patients.  
 
Safety Endpoint 
CV specific AE in 3.9% with no 
stroke 
 

 Comments 
 Reduction in amiodarone usage 

and hospitalization 
 Improvement in QoL 

https://www.ncbi.nlm.nih.gov/pubmed/19656251
https://www.ncbi.nlm.nih.gov/pubmed/?term=26868693
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Study Size 

249 patients 
 

Mobile LV thrombus, MI 
within 3 mo, idiopathic VT, 
Ŏƭŀǎǎ L± ICΣ ŎǊŜŀǘƛƴƛƴŜ җ2.5, 
recent cardiac surgery, 
unstable angina, severe AS or 
MR. 
 
Intervention 
Electroanatomic mapping and 
ablation with open-tip 
irrigated catheter. 

 International 
VT Collaborative 
Group Study 
 Tung R 2015 

(178) 
 26031376 

Aim:  to determine 
the association of VT 
recurrence after 
ablation and survival 
in scar related VT 
 
Study type:   
Multicenter 
observational 
 
Size:    2061 

Inclusion criteria:  SHD with 
ischemic and non-ischemic 
cardiomyopathies with 
monomorphic VT and 
myocardial scar by 
electroanatomic mapping 
 
Exclusion criteria:  absence of 
scar on electroanatomical 
mapping  
 
Intervention: Catheter 
ablation, either endocardial or 
epicardial, guided by EAM.  
End point of ablation with 
elimination of all induced VTs 

1  ̄endpoint:   
Freedom from VT recurrence, Heart 
Transplant, or death was 70% at 1 y 
follow-up. 
VT recurred in 55% of patients who 
died vs. 22% of patients who 
survived. 
Transplant free survival was 90% 
for patients without VT recurrence 
and 71% for those with VT 
recurrence (HR: 6.9; 95% CI: 5.3ς
9.0, p<0.001). 
 

 Procedural complications occurred 
in 6%, including 2 deaths (0.1%), 
hemopericardium in 1.7%, and 
vascular access complications in 
1.6% 
 
 
 

 Meta-Analysis 
of Randomized 
and Non-
Randomized 
Trials of Catheter 
Ablation for VT 
 Mallidi J 2011 

(179) 
 21147263  

Aim:  To determine 
the relative risk of VT 
recurrence in patients 
undergoing catheter 
ablation compared 
with medical therapy 
 
Study type:  
Meta-Analysis of 5 
Trials of VT Ablation   

PubMed, Embase, Cochrane 
searches of both randomized 
and nonrandomized clinical 
trials of catheter ablation of VT 
compared with a control group 
receiving AAD treatment alone  
 
Intervention:  
Catheter ablation with or 
without AAD 

1  ̄endpoint:   
VT recurred in 93 of 266 patients 
(35%) after Catheter Ablation 
compared with 105 of 191 (55%) on 
AAD (HR: 0.62; 95% CI: 0.51ς0.76, 
p<0.001) 
 
Safety endpoint:   
Complications occurred in 6.3% 
after ablation, including death 

 Electrical Storm occurred in 17 of 
116 (15%) after catheter ablation 
and 29 of 119 (25%) on AAD therapy 
(HR: 0.61; 95% CI: 0.36ς1.03, 
p<0.066). 
 
 Mortality occurred in 12% of 

patients treated with ablation and 
14% on AAD. 
 

https://www.ncbi.nlm.nih.gov/pubmed/?term=26031376
https://www.ncbi.nlm.nih.gov/pubmed/21147263
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Size:     
457 patients 

  
Comparator:    
AAD alone.   

(1%), tamponade (1%) and AV block 
(1.6%) 

 Cooled Tip 
Ablation of VT 
 Calkins 2000 

(180) 
 10841242 

Aim:   
To determine the 
safety and efficacy of 
an internally cooled 
RF ablation catheter 
used for VT in SHD in 
patients with >2 
episodes of VT in the 
prior 2 mo despite >2 
AAD 
 
Study type:  
Non-Randomized trial 
of Cooled Tip ablation 
catheter for VT   
 
Size:     
147 patients 

Inclusion criteria:   
>2 episodes of 
hemodynamically stable VT in 
previous 2 mo, CAD, ICD 
implantation, failure of >2 
AAD. 
 
Exclusion criteria:  
Failure to give informed 
consent  
 
Intervention:  
Catheter ablation using the 
Cooled RF catheter system 
Comparator:     
VT recurrence Hx prior to 
ablation 

1  ̄endpoint: 
Acute success with elimination of 
all mappable VTs in 75%,   
 
At a mean of 243+153 d of follow-
up, VT recurred in 46% of patients 
 
Acute success defined by 
noninduciblity of VT after ablation 
did not predict VT recurrence 
 

 Complications 
Complications occurred in 8% 
including death in 2.7% 
 
 

 Multicenter 
ThermoCool 
Ventricular 
Tachycardia 
Ablation Trial 
 Stevenson WG, 

et al. 2008 (181) 
 19064682 

Aim:   
To determine the 
outcome after 
catheter ablation of 
VT 
 
Study type:    
Non-randomized 
 
Size:    
231 patients 

Inclusion criteria:   
>4 episodes of sustained VT 
requiring cardioversion or AAD 
for termination in past 6 mo 
despite ICD or AAD THERAPY, 
age >18 y. 
 
Exclusion criteria:  
LVEF <0.10, LV thrombus, 
Creatinine >2.5, NYHA Class IV 
CHF, severe AS, unstable 
angina, pregnancy.  
 
Intervention:  

1  ̄endpoint:   
Freedom from recurrent VT at 6 mo 
follow-up in 123/231 patients 
(53%). 
 
VT ablation reduced the median 
number of VT episodes in 6 mo 
before ablation from 11.5 to 0 after 
ablation (p<0.0001) 
 
Safety endpoint:   
Complications occurred in 7%, 
including 7 patients (3%) who died 
within 3 d of ablation, and groin 
complications in 4.7%. 

 1 y mortality was 18% 
 
 

https://www.ncbi.nlm.nih.gov/pubmed/10841242
https://www.ncbi.nlm.nih.gov/pubmed/?term=19064682
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Catheter ablation with the 
BioSense ThermoCool ablation 
catheter 
Comparator:    
Prior Hx of VT recurrences 

 Steinberg et al. 
1999 (150) 

 10027813 
 

Study type: cohort 
study  
 
Size: 12 patients  

Patient with sustained post-
operational VT җнп h but <30 d 
after CABG among consecutive 
patients 382 patients 
undergoing CABG at a single 
institution 
 
Variables associated with the 
occurrence of VT was 
performed 

1  ̄endpoint: 12 patients (3.1%) 
ŜȄǇŜǊƛŜƴŎŜŘ җм ŜǇƛǎƻŘŜ ƻŦ 
sustained VT 4.1±4.8 d after CABG 
 
In 11 /12 patients, no 
postoperative complication 
explained the VT. 1 patient had a 
perioperative MI.  
 
The in-hospital mortality rate was 
25%. Among the 9 survivors, 5 had 
EPS with all inducible sustained 
monomorphic VT (matching clinical 
VT). 3/9 patients received an ICD 
before hospital discharge. Other 
6/9 patients received chronic 
therapy with AAD (primarily 
amiodarone).  
 
All 9 patients are alive, with a mean 
follow-up of 2.5 y.  
 
2 patients (1 with an ICD and 1 on 
amiodarone) had recurrent VT 
during followup. 

 Results (cont.): Patients with VT 
were more likely to have prior MI 
(92% vs. 50%, p<0.01), severe CHF 
(56% vs. 21%, p<0.01), and LVEF 
<0.40 (70% vs. 29%, p<0.01).  
 By multivariate analysis, the 

number of bypass grafts across a 
noncollateralized occluded vessel to 
an infarct zone was the only 
independent factor predicting VT. 
 Conclusions: (1) Patients who 

developed VT had a high in-hospital 
mortality rate of 25% (2) However, 
long-term outcome was good 
(possibly related to antiarrhythmic 
or ICD). (3) predictors are MMVT 
previous MI scar and associated 
severe LV dysfunction. (4) 
Relationship was found between the 
development of VT and the 
placement of a bypass graft across a 
noncollateralized occluded coronary 
vessel to a chronic infarct zone. (5) 
The development of MMVT was 
typically not due to a detectable 
postoperative complication or 
ischemia.  
 

 
  

http://www.ncbi.nlm.nih.gov/pubmed/10027813
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Data Supplement 24. Nonrandomized Trials, Observational Studies, and/or Registries of NICM ς (Section 7.2) 
Study Acronym; 

Author; 
Year Published 

Study Type/Design; 
Study Size 

Patient Population 1° Endpoint and Results 
(P values; OR or RR;   

& 95% CI) 

Summary/Conclusion 
Comment(s) 

 Ackerman MJ 2011 
(182) 
 21810866 

Study type:   HRS/EHRA 
consensus statement. 
 

Expert consensus 
statement on the state of 
genetic testing for the 
channelopathies and 
cardiomyopathies 
 
Panel: geneticists, 
arrhythmia specialists     
!ƎǊŜŜƳŜƴǘ җ уп҈ 

General: Class I: 1) sound clinical 
suspicion when positive 
predictive value > 40%, 
signal/noise ratio >10; 2) AND/OR 
genetic test result provides either 
diagnostic or prognostic info, or 
influences therapeutic choices.  
Screening of family members: 
when genetic testing leads to the 
adoption of therapy/protective 
measures/ lifestyle adaptations.  
 
LQTS: Class I: 1) any pt with 
strong clinical index of suspicion 
for LQTS; 2) any asymptomatic pt 
with QT prolongation on serial 
ECGs:  QTc >480 ms prepuberty; 
>500 ms, adult; 3) Mutation 
specific genetic testing for family 
members and other appropriate 
relatives   
Class IIb: any asymptomatic pt 
with otherwise idiopathic QTc 
values >460 ms (puberty) or 480 
ms (183) on serial ECGs 
 
CPVT: Class I: 1) any pt w strong 
clinical index of suspicion of 
CPVT;  

 LQTS: Note difference between 
Class I if QTc >480 or 500 ms, and 
Class IIb if QTc >460/480 ms 
 
 
 
 
 
 

https://www.ncbi.nlm.nih.gov/pubmed/?term=21810866
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2) Mutation specific genetic 
testing is recommended for 
family members and appropriate 
relatives 
 
Brugada: Class I: Mutation 
specific genetic testing is 
recommended for family 
members and appropriate 
relatives 
Class IIa: any pt w strong clinical 
index of suspicion of BrS, 
including with procainamide 
challenge 
Class III: not indicated in the 
setting of an isolated type 2 or 3 
Brugada ECG pattern 
 
Short QTS: Class I: Mutation 
specific genetic testing is 
recommended for family 
members and appropriate 
relatives 
Class IIb: any pt with strong 
clinical index of suspicion 
 
ARVC: Class I: Mutation specific 
genetic testing is recommended 
for family members and 
appropriate relatives 
Class IIa: can be useful for 
patients satisfying task force 
diagnostic criteria 
Class IIb: may be considered for 
patients with possible ACM/ARVC 
Class III: not recommended for 
patients with only a single minor 
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criterion according to the 2010 
task force criteria 
 
SCD/SIDS: Class I: 1) Collection of 
tissue sample recommended 
(blood or heart/liver/spleen 
tissue); 2) Mutation specific 
genetic testing is recommended 
for family members and 
appropriate relatives 
Class IIb: testing may be 
considered if circumstantial 
evidence suggests LQTS or CPVT 
specifically 
 
ACA/resuscitated: Class I: 
Genetic testing should be guided 
by the results of medical 
evaluation and is used for the 1° 
purpose of screening at-risk 
family members for sub-clinical 
disease 
Class III: Routine genetic testing, 
in the absence of a clinical index 
of suspicion for a specific 
cardiomyopathy or 
channelopathy, is not indicated 
for the survivor of unexplained 
OHCA 
 
HCM: Class I:  1) any pt in whom 
the clinical dx of HCM is 
established.  2) Mutation specific 
genetic testing is recommended 
for family members and 
appropriate relatives  
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DCM: Class I: 1) DCM and 
significant cardiac conduction 
disease and/or family Hx of 
premature unexpected sudden 
death. 2) Mutation specific 
genetic testing is recommended 
for family members and 
appropriate relatives 
 
LVNC: Class I: Mutation specific 
genetic testing is recommended 
for family members and 
appropriate relatives 
Class IIa: can be useful if clinical 
dx of LVNC is established 
 
PCCD: Class I: Mutation specific 
genetic testing is recommended 
for family members and 
appropriate relatives 
 Class IIb: may be considered as 
part of diagnostic evaluation for 
patients with either isolated CCD 
or CCD with concomitant 
congenital heart disease, 
especially w post family Hx of 
CCD.  
 

 IŜǊǎƘōŜǊƎŜǊ w9 et al. 
2010 (184) 
 20864896 

 
 
 

Study type:   This is a 
review on clinical and 

genetic issues in DCM 

N/A N/A  Idiopathic DCM, has been shown to 

have a familial basis in 20-35% of 
cases. Genetic studies in familial 
dilated cardiomyopathy have shown 
dramatic locus heterogeneity with 
mutations identified in >30 mostly 
autosomal genes showing primarily 
dominant transmission. 

https://www.ncbi.nlm.nih.gov/pubmed/?term=20864896
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 Piers et al 2013 (185) 
 24036134 

 

Study type: single center, 
observational 
 
Size:  45 

Inclusion criteria:  
Patients with NICM and 
VT treated with catheter 
ablation 
 
Exclusion criteria:  N/A 

1  ̄endpoint:  VT recurrence over 
mean follow up of 25±15 mo 
 
Results:  VT occurred in 24 
patients (53%), but the 6 mo VT 
ōǳǊŘŜƴ ǿŀǎ ǊŜŘǳŎŜŘ ōȅ җтр҈ ƛƴ 
79%.  
Recurrence rates were low after 
complete procedural success 
(18%), but high after both partial 
success (77%) and failure (73%). 

 VT recurrence is high in NICM 
patients, but significant reduction in 
the frequency of VT episodes is 
observed in the majority of patients 
following ablation. 
 
 There was a suggestion that 

patients treated with ablation early 
(first VT or VT ICD therapy) had better 
outcome than those treated late. 

 Greulich et al. 2013 
(186) 
 23498675 

 

Aim:  study aimed to 
demonstrate that the 
presence of late 
gadolinium enhancement 
is a predictor of death 
and other adverse events 
in patients with 
suspected CS 
 
Study type:   Multicenter 
prospective 
 
Size:   155 patients 
 

Inclusion criteria: 155 
consecutive patients with 
systemic sarcoidosis who 
underwent CMR for 
workup of suspected 
cardiac sarcoid 
involvement. The median 
follow-up time was 2.6 y. 
 
Exclusion criteria:  N/A 

1  ̄endpoint: 1° endpoints were 
death, aborted SCD, and 
appropriate ICD discharge. 
 
Results: LGE was present in 39 
patients (25.5%). The presence of 
LGE yields a HR of 31.6 for death, 
aborted SCD, or appropriate ICD 
discharge, and of 33.9 for any 
event. This is superior to 
functional or clinical parameters 
such as left LVEF, LV end-diastolic 
volume, or presentation as HF, 
yielding HRs between 0.99 (per % 
increase LVEF) and 1.004 
(presentation as HF), and 
between 0.94 and 1.2 for 
potentially lethal or other 
adverse events, respectively. 

 Could not tell on additional LGE 
parameters due to low numbers. 

 Kuruvilla et al. 2014 
(187) 
 24363358 

Aim:  To assess the 
relation between CMR 
LGE and cardiovascular 
outcomes in NICM 
patients 
 

Inclusion criteria:  NICM 
 
Exclusion criteria:  
Ischemic cardiomyopathy, 
HCM  
Intervention: CMR-LGE 
findings and subsequent 

1  ̄endpoint:   Patients with LGE 
had an increased risk of SCA 
events (OR: 5.32; p<0.00001) 
compared with those without 
LGE. 
 

 Patients with LGE had increased 
overall mortality (OR: 3.27; 
p<0.00001) and increased HF 
hospitalization (OR: 2.91; p=0.02), 
 The annualized event rates for SCA 

was 6.0% in LGE detected patients vs. 
1.2% for those without LGE (p<0.001). 

http://www.ncbi.nlm.nih.gov/pubmed/24036134
http://www.ncbi.nlm.nih.gov/pubmed/23498675
http://www.ncbi.nlm.nih.gov/pubmed/24363358
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Study type:   Meta-
Analysis 
 
Size:  9 studies and 1,488 
patients 

clinical outcomes in 
patients with NICM  
  
Comparator:    N/A 

 HELP-VT 
 Dinov B et al. 2014 

(175) 
 24211823 

 
 

Study type: single center, 
observational   
 
Size: 227 (63 NICM)  

Inclusion criteria:   
Patients with SHD 
referred for catheter 
ablation of VT with either 
NICM (N=63) or ischemic 
cardiomyopathy (N=164) 
 
Exclusion criteria:   
Failure of informed 
consent 

1  ̄endpoint:  VT free survival at 1 
y 
 
Results:  VT free survival 40.5% in 
NICM vs. 57% in ICM 
 
HR for VT recurrence for NICM 
1.62 (p=0.01) 
 

 VT free survival worse in NICM 
compared to ICM. 
 
 Complete noninducibility after 

index procedure predicted better 
outcome 

 Tokuda et al 2012 
(188) 
 22942218 

 

Study type:  single 
center, observational  
 
Size:    226 

Inclusion criteria:   
Patients with NICM and 
sustained monomorphic 
VT referred for catheter 
ablation 
 
Exclusion criteria:  N/A 

1  ̄endpoint:  All cause death or 
heart transplantation following 
ablation; 2° endpoint: composite 
of death, heart transplantation 
and admission for VT recurrence 
 
Results:  After a mean of 1.4 
ablation procedures 
1° endpoint (4.4±3.3 y follow-up) 
reached in 66 (29%) patients 
reached the 1° end point: death 
in 50 (21%) and transplant in 16 
(7%) 
 
2° endpoint (12 mo): death 10%, 
transplant 3%, VT admission 18% 
 

 Outcomes of ablation differ in 
individual etiologies of NICM. ARVC 
had better outcomes than DCM for 1° 
(p=0.002) and 2° end points (p=0.004). 
Sarcoidosis had worse outcome than 
DCM for 2° end point (p=0.002). 

 Cantero-Pérez EM, et 
al. 2013 (155) 

 24314988 

Aim: To evaluate the 
effectiveness of ICDs for 
primary prevention in 
ǇŀǘƛŜƴǘǎ ǿƛǘƘ [±9C Җол҈ 

Inclusion criteria: 
Records from patients 
accepted for heart 
transplantation from 
January 1, 2006, to July 

Results: 
Median follow-up of 77 d  
overall mortality in the ICD group 
was 7.1% (2/28) and in the non-

 Appropriate ICD therapies were 
recorded in 42.9% (12/28) in this 
population. 

https://www.ncbi.nlm.nih.gov/pubmed/?term=24211823
https://www.ncbi.nlm.nih.gov/pubmed/?term=22942218
https://www.ncbi.nlm.nih.gov/pubmed/?term=24314988
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included on the heart 
transplantation list 
 
Size: Patients who 
received ICDs for primary 
prevention (N=28) were 
compared with patients 
without ICDs (N=51) 

30, 2012, and whose LVEF 
was <31% were reviewed 

ICD group was 17.6% (9/51; 
p=0.062).  
Cause of death in patients 
without ICDs: 
Sudden death (5/9, 55.6%),  
HF (4/9, 44.4%).  
Cause of death in patients with 
ICDs: HFheart  

 Fröhlich GM, et al. 
2013 (156) 

 23813845 

Aim: To delineate the 
role of ICD therapy for 
the primary and 
secondary prevention of 
SCD in patients listed for 
heart transplantation 
 
Size: N=1089 

Inclusion criteria:  
Patients listed for heart 
transplantation in 2 
tertiary heart transplant 
centres were enrolled. Of 
550 patients (51%) on the 
transplant list with an 
ICD: 
primary prevention ICD: 
N=216  
secondary prevention 
ICD: N=334  

Results: 
Median time on the waiting list = 
8 mo (estimated 1-year: 88±3% 
vs. 77±3% vs. 67±3%; p=0.0001).  
An independent beneficial effect 
of ICDs that was most 
pronounced in patients who had 
received an ICD for primary 
prevention (HR: 0.4, 95% CI: 
0.19ς0.85; p=0.016). 

 ICDs appear to be associated with a 
reduction in all-cause mortality in 
patients implanted with the device for 
primary and secondary prevention 
compared to those without an ICD. 

 Gandjbakhch E, et al. 
2016 (157) 

 27344378 

Aim: To evaluate the ICD 
benefit on mortality in 
patients with end-stage 
HF listed for heart 
transplantation  
 

Size: N=380 consecutive 

patients listed for heart 
transplantation between 
2005 and 2009 in A 
tertiary heart transplant 
centre  

Inclusion criteria: 
Patients with end-stage 
HF receiving an ICD 
before or within 3 mo 
after being listed for 
heart transplantation 

Results: 
15.6% of patients died while 
awaiting heart transplantation.  
Non-ICD patients presented more 
often haemodynamic 
compromise. 
ICD did not remain an 
independent predictor of death. 
Death by haemodynamic 
compromise (76.3% of deaths), 
which occurred more frequently 
in the non-ICD group (14.7% vs. 
5.8%; log-rank p=0.002).  
 
Unknown/arrhythmic deaths did 
not differ significantly between 

 Need for mechanical circulatory 
support (p<0.001), low EF (p=0.001) 
and registration on the regular list 
(p=0.008) were the only independent 
predictors of death. 
 ICD-related complications occurred 

in 21.4% of patients, mainly as a result 
of postoperative worsening of HF 
(11.9%). 

https://www.ncbi.nlm.nih.gov/pubmed/23813845
https://www.ncbi.nlm.nih.gov/pubmed/?term=27344378
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the two groups (3.9% vs. 1.7%; 
log-rank p=0.21).  

 Vakil K, et al. 2016 
(158) 

Aim: To assess the 
impact of ICD on waitlist 
mortality in patients 
listed for heart 
transplantation 
 
Size: N=32,599 

Inclusion criteria: 
!Řǳƭǘǎ όŀƎŜ җму ȅ) listed 
for first-time heart 
transplantation in the US 
between January 1, 1999, 
and September 30, 2014, 
were retrospectively 
identified from the 
United Network for Organ 
Sharing registry. 

Results: 
Median follow-up of 154 days,  
3,638 patients (11%) died on the 
waitlist (9% in ICD group vs. 15% 
in no-ICD group; p<0.0001), 
whereas 63% underwent heart 
transplantation.  
An ICD at listing was associated 
with an adjusted 13% relative 
reduction in mortality (HR: 0.87; 
95% CI: 0.80ς0.94).  

 In the subgroup of patients with 
LVAD (N= 9,478), having an ICD was 
associated with an adjusted 19% 
relative reduction in mortality (HR: 
0.81; 95% CI: 0.70ς0.94). 

 Oloriz et al 2014 
(189) 
 24785410 

 

Study type:  single 
center, observational 
 
Size:  87 

Inclusion criteria:  
Patients with NICM and 
drug refractory VT 
treated with ablation 
 
Exclusion criteria: N/A 

1  ̄endpoint:  VT recurrence, 
stratified to scar location 
(anteroseptal vs. basal lateral) 
determined by unipolar voltage 
mapping 
 
Results:  Over a mean 1.5 y 
follow up, VT recurred in 44 
patients (51%) during a median 
follow-up of 1.5 y. Anteroseptal 
scar was associated with higher 
VT recurrence (74% vs. 25%; log-
rank p<0.001) 
 
Death occurred in 15% 
 

 Multivariate predictors of VT 
recurrence included electrical storm 
(HR: 3.211; p=0.001) and NHYA class 
(HR: 1.608; p=0.018), anteroseptal 
scar pattern (HR: 5.547; p<0.001) 

 Proietti et al 2015 
(190) 
 25488957 

 

Study type: single center, 
observational   
 
Size:  142 (55 NICM) 

Inclusion criteria:  
Patients with ischemic 
cardiomyopathyand 
NICM referred for 
catheter ablation for VT 
 
Exclusion criteria:  N/A 

1  ̄endpoint:  VT recurrence, 
determined by ICD interrogations 
over 641±301 d. 
 
Results:  Recurrent VT occurred 
more frequently in the NICM 
group 51% than in the ischemic 

 Results of substrate guided ablation 
less favorable in NICM than ischemic 
cardiomyopathy patients 

https://www.ncbi.nlm.nih.gov/pubmed/?term=24785410
https://www.ncbi.nlm.nih.gov/pubmed/?term=25488957


106 
 
© 2017 by the American College of Cardiology Foundation, American Heart Association, Inc., and Heart Rhythm Society 

cardiomyopathy group 26% 
(p=0.03) 
 
Acute results (defined by 
response to PES) correlated with 
likelihood of recurrence: for the 
NICM group, recurrence was 
observed in 7, 75 and 100% of 
successful, partially successful 

and failed ablations 

 Haqqani et al 2011 
(191) 
 21392586 

 

Study type: single center, 
observational  
 
Size:  31 

Inclusion criteria:  
Patients with NICM and 
VT treated with catheter 
ablation who had isolated 
intra-septal scar (11.65% 
of total) 
 
Exclusion criteria:  N/A 

1  ̄endpoint:  VT recurrence over 
mean followup of 20±28 mo 
 
Results:  Following a mean of 1.6 
ablation procedures, VT 
recurrence was observed in 32%; 
death and heart transplant 
occurred in 26% and 16% 
respectively 

 Isolated septal substrate in NICM 
portended a poor outcome, both in 
terms of VT recurrence and transplant 
free survival in followup 

 Kuhne et al 2010 
(192) 
 20384656 

Study type: single center, 
observational    
 
Size:  35   

Inclusion criteria:  
Patients with NICM and 
VT treated with catheter 
ablation 
 
Exclusion criteria: N/A 

1  ̄endpoint:  VT recurrence over 
mean followup of 18±13 mo 
 
Results:  Recurrence was 
observed in 57%. In patients who 
had isolated late potentials 
(targeted for ablation), freedom 
from VT and major arrhythmia 
related adverse events was 
improved compared to those 
without identified isolated late 
potentials 

 

 Cano et al 2009 (193) 
 19695457 

 

Study type: single center, 
observational    
 
Size:  22  

Inclusion criteria:  
Patients with NICM and 
VT suspected to be 
epicardial in origin (Prior 
failed endocardial 

1  ̄endpoint:  VT recurrence over 
mean follow up of 18±7 mo 
following endocardial and 
epicardial ablation 
 

 The VT substrate in NICM is often 
more prominent on the epicardial 
than the endocardial surface. 
Epicardial ablation may improve 
outcome in selected patients with VT 
in the setting of NICM. 

https://www.ncbi.nlm.nih.gov/pubmed/?term=21392586
https://www.ncbi.nlm.nih.gov/pubmed/?term=20384656
https://www.ncbi.nlm.nih.gov/pubmed/?term=19695457
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ablation or ECG 
characteristics during VT) 
 
Exclusion criteria:  N/A 

Results:  Freedom from VT 
recurrence was observed in 15 of 
21 patients in whom any ablation 
was performed, and 14 of 18 with 
epicardial ablation 

 Delacretaz et al 2000 
(194) 
 10695454 

 

Study type: single center, 
observational    
 
Size:  26   

Inclusion criteria:  
Patients with NICM and 
VT treated with catheter 
ablation 
 
Exclusion criteria:  N/A 

1  ̄endpoint:  VT recurrence over 
mean followup of 15±12 mo 
 
Results:  VT recurrence was 
observed in 23%, but differed 
depending on VT mechanism: 40, 
0 and 14% in scar related VT, 
focal VT and bundle branch 
reentry, respectively. 

 Recurrent monomorphic VT in NICM 
can be focal or reentrant; reentrant 
causes can be scar related or 2° to 
bundle branch reentry. 

 

Data Supplement 25. RCTs Secondary Prevention SCD in NICM ς (Section 7.2.1) 
Study Acronym; 

Author;  
Year Published 

Aim of Study; 
Study Type; 

Study Size (N) 

Patient Population Endpoint Results 
(Absolute Event Rates,  
P values; OR or RR; & 

95% CI) 

Relevant 2̄ Endpoint (if 
any); 

Study Limitations; 
Adverse Events 

 AVID 
 The AVID 

Investigators 
1997 (131)  
 9411221 

 

Aim:  To examine 
the effect on overall 
survival of initial 
therapy with an ICD 
as compared with 
amiodarone or 
sotalol in patients 
resuscitated from VF 
or symptomatic, 
sustained VT with 
hemodynamic 
compromise. 
 
Study type:   RCT 
 

Inclusion criteria:  patients who were 
resuscitated from near-fatal VF; sustained 
VT with syncope; or sustained VT with an 
LVEF ҖлΦпл ŀƴŘ ǎȅƳǇǘƻƳǎ ǎǳƎƎŜǎǘƛƴƎ 
severe hemodynamic compromise. 
 
Exclusion criteria: arrhythmia was judged 
to have a transient or correctable cause,  
excessively high risk (life expectancy <l y, 
class IV CHF, awaiting a heart transplant, or 
requiring a balloon pump, other mechanical 
means, or inotropic drug administration for 
hemodynamic support) 
or excessively low risk (event occurring 
within 5 d of cardiac surgery or angioplasty, 

1  ̄endpoint:  Survival 
 
Results:  Overall survival was greater 
with the ICD, with unadjusted 
estimates of 89.3 percent, as 
compared with 82.3% in the AAD 
group at 1 y, 81.6% vs 74.7% at 2 y, 
and 75.4% vs 64.1% at 3 y (p<0.02). 
The corresponding reductions in 
mortality (with 95% confidence 
limits) with the ICD were 39±20%, 
27±21%, and 31±21%.  

 Study terminated 
early after 1016 of 1200 
patients enrolled 
 81% of patients had 

CAD 
 

https://www.ncbi.nlm.nih.gov/pubmed/?term=10695454
http://www.ncbi.nlm.nih.gov/pubmed/9411221
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Size:    1016 patients or occurring in-hospital within 5 d after MI), 
had a previous ICD implant (or attempted 
implant), chronic serious bacterial infection, 
or were unable to give verbal assent due to 
neurologic impairment. Contraindications 
to amiodarone.  
 
Intervention: Therapy with ICD 
  
Comparator:    AAD amiodarone or sotalol, 
but only 2.6% received sotalol, most 
received amiodarone 

 CIDS 
 Conolly et al. 

2000 (132) 
 10725290 

 

Aim:  To compare 
the efficacy of the 
ICD and amiodarone 
for the prevention 
of death in patients 
with previous 
sustained 
ventricular 
arrhythmia 
 
Study type: RCT  
 
Size:    659 patients 

Inclusion criteria:  in the absence of either 
recent AMI or electrolyte imbalance, they 
manifested any of the following: (1) 
documented VF; (2) OHCA requiring 
defibrillation or cardioversion; (3) 
documented, sustained VT causing syncope; 
(4) other documented, sustained VT at a 
ǊŀǘŜ җмрл ōŜŀǘǎκƳƛƴΣ ŎŀǳǎƛƴƎ ǇǊŜǎȅƴŎƻǇŜ ƻǊ 
ŀƴƎƛƴŀ ƛƴ ŀ ǇŀǘƛŜƴǘ ǿƛǘƘ ŀ [±9C Җор҈Τ ƻǊ όрύ 
unmonitored syncope with subsequent 
documentation of either spontaneous VT 
җмл ǎ ƻǊ ǎǳǎǘŀƛƴŜŘ όҗол ǎύ ƳƻƴƻƳƻǊǇƘƛŎ ±¢ 
induced by programmed ventricular 
stimulation.  
 
Exclusion criteria: (1) ICD or amiodarone 
not considered appropriate, (2) excessive 
perioperative risk for ICD implantation; (3) 
ǇǊŜǾƛƻǳǎ ŀƳƛƻŘŀǊƻƴŜ ǘƘŜǊŀǇȅ ŦƻǊ җс ǿƪΤ όпύ 
nonarrhythmic medical condition making 1 
y survival unlikely, and (5) LQTS. 
 
 Intervention: ICD 
 
 Comparator:    Amiodarone 

1  ̄endpoint:  Death from any cause. 
Results:  A nonsignificant reduction 
in the risk of death was observed 
with the ICD, from 10.2%/y to 
8.3%/y (RRR: 19.7; 95% CI: -7.7%ς
40%; p=0.142). A nonsignificant 
reduction in the risk of arrhythmic 
death was observed, from 4.5%/y to 
3.0%/y (RRR :32.8%; 95% CI: -7.2%ς
57.8%; p=0.094). 
 
 

 82% had ischemic 
etiology  
 
 
 

http://www.ncbi.nlm.nih.gov/pubmed/10725290
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 CASH 
 Kuck et al. 2000 

(133) 
 10942742 

 

Aim:  to study the 
impact on overall 
survival of initial 
therapy with an ICD 
as compared with 
that with 3 AAD. 
 
Study type:   RCT 
 
Size:    288 patients 

Inclusion criteria:  patients resuscitated 
from CA 2° to documented sustained VA 
 
Exclusion criteria:  If CA occurred within 72 
h of an AMI, cardiac surgery, electrolyte 
abnormalities, or proarrhythmic drug 
effect. 
 
 Intervention: ICD therapy 
  
Comparator:    amiodarone, metoprolol, or 
propafenone. Assignment to propafenone 
was in March 1992, after an interim analysis 
showed a 61% higher all-cause mortality 
rate than in 61 ICD patients during a 
followup of 11.3 mo. 

1  ̄endpoint:  The 1° end point was 
all-cause mortality.  
Results:  Over a mean follow-up of 
57±34 mo, the death rates were 
36.4% (95% CI: 26.9%ς46.6%) in the 
ICD and 44.4% (95% CI: 37.2%ς
51.8%) in the 
amiodarone/metoprolol arm. 
Overall survival was higher, though 
not significantly, in patients assigned 
to ICD than in those assigned to drug 
therapy (HR: 0.766, 97.5% CI:1.112, 
p=0.081). 

 In ICD patients, the 
percent reductions in 
all-cause mortality were 
41.9%, 39.3%, 28.4%, 
27.7%, 22.8%, 11.4%, 
9.1%, 10.6%, and 24.7% 
at 1 y to 9 of follow-up. 
 CAD was etiology in 

73% 
 A much larger 

reduction of 61%, for 
SCD was observed 
 
 

 Desai et al. 
2004 (195) 
 15598919 

 

Aim:  To determine 
whether ICD therapy 
reduces all-cause 
mortality in patients 
with NICM. 
 
Study type:   meta-
analysis of RCT 
 
Size:    8 randomized 
trials enrolling a 
total of 2146 
patients with NICM 
were included. 

Inclusion criteria:  prospective RCT of ICD 
or combined CRT defibrillator vs medical 
therapy enrolling at least some individuals 
with NICM and reporting all-cause mortality 
as an outcome. 
 
Intervention: ICD 
  
Comparator:    Medical therapy. 
 

1  ̄endpoint:  Two of the 3 2° 
prevention trials presented 
subgroup estimates for ICD efficacy 
in NICM. Pooled analysis of these 2° 
prevention trials (N=256 patients 
with NICM) indicated an equivalent 
to 1 y prevention but nonsignificant 
mortality reduction with ICD therapy 
(RR: 0.69; 95% CI: 0.39ς1.24; 
p=0.22).  
 

 Analysis of all 7 trials 
(1° and 2° prevention) 
combined demonstrated 
a statistically significant 
31% overall reduction in 
mortality with ICD 
therapy (RR: 0.69; 95% 
CI: 0.56ς0.86; p=0.002). 
 

 MAVERIC 
 Lau et al. 2004 

(135) 
 15172648 

 
 

Aim:  to test the 
possibility of 
prospectively 
identifying patients 
who would benefit 
most ICD by EPS in 

Inclusion criteria:  survivors of sustained 
VT, VF or sudden cardiac death in the 
absence of an AMI in the last 48h. 
 
Exclusion criteria:  life expectancy of <6 mo 
from a non-arrhythmic cause or child-
bearing age 

1  ̄endpoint:  Survival and 
arrhythmia recurrence 
 
Results:  Of the 108 EP arm patients, 
31 (29%) received an ICD, 46 (43%) 
received AAD only (mainly 
amiodarone or sotalol) and 18 (17%) 

 61% of patients had 
prior MI 
 EPS has a minimal 

impact on the diagnosis 
of patients presented 
with VT, VF or SCD. 

http://www.ncbi.nlm.nih.gov/pubmed/10942742
http://www.ncbi.nlm.nih.gov/pubmed/15598919
http://www.ncbi.nlm.nih.gov/pubmed/15172648
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the context of 2° 
prevention. 
 
Study type:   RCT 
 
Size:    214 patients 

Intervention: EP-guided interventions 
(AAD, coronary revascularization, and ICD) 
(106 patients assigned to this arm) 
 
Comparator: therapy with amiodarone (108 
patients assigned to this arm) 

received coronary revascularization 
but no ICD. No significant 
differences in survival or arrhythmia 
recurrence existed between the 2 
treatment arms after 6 y. However, 
ICD recipients had a lower mortality 
than non-ICD recipients, regardless 
of allocated treatment (HR:0.54, 
p=0.0391). 

 The trial does not 
support a role for EP 
testing in risk 
stratification. 

 Claro et al. 
2015 (136) 
 26646017 

 
 

Aim:  To evaluate 
the effectiveness of 
amiodarone for 1° 
or 2° prevention of 
SCD compared with 
placebo or no 
intervention or any 
other 
antiarrhythmic. 
 
Study type:   meta-
analyses using a 
random-effects 
model 
 
Size:    24 studies 
(9,997 participants) 

Inclusion criteria:  Randomised and quasi-
randomised trials assessing the efficacy of 
amiodarone vs. placebo, no intervention, or 
other antiarrhythmics in adults, either for 
1° prevention or 2° prevention of SCD. 
 
Exclusion criteria:  NA  
Intervention: Amiodarone 
  
Comparator:  placebo, no intervention, or 
other antiarrhythmics 

1  ̄endpoint:  SCD and overall 
mortality 
 
Results:  For 2° prevention, 
amiodarone compared to placebo or 
no intervention (2 studies, 440 
participants) appeared to increase 
the risk of SCD (RR: 4.32; 95% CI: 
0.87ς21.49) and all-cause mortality 
(RR:3.05;95% CI 1.33ς7.01). 
However, the quality of the 
evidence was very low. Compared to 
other antiarrhythmics (4 studies, 
839 participants) amiodarone 
appeared to increase the risk of SCD 
(RR:1.40; 95% CI: 0.56ς3.52; very 
low quality of evidence), but there 
was no effect in all-cause mortality 
(RR: 1.03; 95% CI: 0.75ς1.42; low 
quality evidence). 

 For 2° prevention, the 
quality of the evidence 
was very low, so the 
authors concluded that 
there was uncertainty 
on the findings. 
 Amiodarone was 

associated with an 
increase in pulmonary 
and thyroid adverse 
events. 
 
 

 OPTIC Study 
 Connolly et al. 

2006 (159) 
 16403928 

 

Aim: To determine 
whether 
amiodarone plus BB 
or sotalol are better 
than BB alone for 
prevention of ICD 
shocks. 
 

Inclusion criteria: Patients were eligible if 
they had received an ICD within 21 d for 
inducible or spontaneously occurring VT or 
VF.  
 
Exclusion criteria: Patients were excluded if 
they had LQTS, corrected QT interval of 
more than 450 millisec, were receiving a 

1  ̄endpoint: ICD shock for any 
reason. 
 
Results: Shocks occurred in 41 
patients (38.5%) assigned to BB 
alone, 26 (24.3%) assigned to 
sotalol, and 12 (10.3%) assigned to 
amiodarone plus BB. A reduction in 

 Amiodarone plus BB is 
effective for preventing 
these shocks and is 
more effective than 
sotalol but has an 
increased risk of drug-
related adverse effects 

http://www.ncbi.nlm.nih.gov/pubmed/26646017
http://www.ncbi.nlm.nih.gov/pubmed/16403928
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Study type:  
multicenter RCT  
 
Size:    412 patients 

class I or class III antiarrhythmic agent, had 
received amiodarone or sotalol for more 
than 20 consecutive d at anytime (patients 
who had received >10 d of amiodarone had 
to be taken off amiodarone for 10 d before 
randomization), a calculated creatinine 
clearance of less than 30 mL/min (<0.50 
mL/s), symptomatic AF likely to require use 
of a class I or class III antiarrhythmic agent, 
absence of SHD, contraindications to 
ŀƳƛƻŘŀǊƻƴŜ ƻǊ ŀ ʲ-blocker, or NYHA class IV 
symptoms of HF.  
Intervention: amiodarone plus BB, sotalol 
alone 
  
Comparator:  BB alone. 

the risk of shock was observed with 
use of either amiodarone plus BB or 
sotalol vs BB alone (HR: 0.44; 95% 
CI: 0.28ς0.68; p<0.001). Amiodarone 
plus BB significantly reduced the risk 
of shock compared with BB alone 
(HR: 0.27; 95% CI: 0.14ς0.52; 
p<0.001) and sotalol (HR: 0.43; 95% 
CI: 0.22ς0.85; p=0.02). There was a 
trend for sotalol to reduce shocks 
compared with BB alone (HR: 
0.61;95% CI, 0.37ς1.01; p=0.055). 
The rates of study drug 
discontinuation at 1y were 18.2% for 
amiodarone, 23.5% for sotalol, and 
5.3% for BB alone.  

 Adverse pulmonary 
and thyroid events and 
symptomatic 
bradycardia were more 
common among 
patients randomized to 
amiodarone. 

 Piccini et al. 
2009 (154) 
 19336434 

 
 

 
 

Aim:  To evaluate 
the cumulative 
evidence 
regarding the safety 
and efficacy of 
amiodarone in 
prevention of SCD 
 
Study type: Meta-
analysis of all RCT 
examining the use of 
amiodarone vs. 
placebo/control for 
the prevention of 
SCD   
 
Size: 15 trials, which 
randomized 8,522 
patients 

Inclusion criteria: Studies in which patients 
were randomized to amiodarone and 
placebo or inactive control. Additional 
inclusion criteria included: treatment for 
>30 d, follow-up >6 mo, and availability of 
all-cause mortality as an endpoint 
 
Exclusion criteria:  Studies 
of patients with shock-refractory VA, OHCA, 
patients <18 y, randomization to 
amiodarone vs. a class Ic or class III AAD 
(without a placebo or standard of care 
arm). Studies of patients with ICDs were 
excluded unless used on both arms. 

1  ̄endpoint:  SCD, CVD, all-cause 
mortality, and the incidences of drug 
toxicities. 
 
Results:  Amiodarone decreased the 
incidence of SCD (7.1 vs. 9.7%; OR: 
0.71; 95% CI: 0.61ς0.84; p<0.001) 
and cardiovascular death (14.0% 
vs.16.3%; OR: 0.82; 95% CI: 0.71ς
0.94, p=0.004). There was a 1.5% 
absolute risk reduction in all-cause 
mortality which did not meet 
statistical significance (p=0.093). 
Amiodarone therapy increased the 
risk of pulmonary (2.9% vs. 1.5%; 
OR: 1.97; 95% CI: 1.27ς3.04, 
p=0.002), and thyroid (3.6% vs. 
0.4%; OR: 5.68; 95% CI: 2.94ς10.98, 
p<0.001) toxicity. 
 

 Amiodarone reduces 
the risk of SCD by 29% 
and CVD by 18%, 
however, amiodarone 
therapy is neutral with 
respect to all-cause 
mortality and was 
associated with a two- 
and five-fold increased 
risk of pulmonary and 
thyroid toxicity. 
 Authors suggested 

amiodarone as a viable 
alternative in patients 
who are not eligible for 
or who do not have 
access to ICD therapy 
for the prevention of 
SCD.  
 

 

http://www.ncbi.nlm.nih.gov/pubmed/19336434
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Data Supplement 26. Nonrandomized Trials, Observational Studies, and/or Registries of Secondary Prevention SCD in NICM ς (Section 7.2.1) 
Study Acronym; 

Author; 
Year Published 

Study Type/Design; 
Study Size 

Patient Population 1° Endpoint and Results 
(P values; OR or RR;   

& 95% CI) 

Summary/Conclusion 
Comment(s) 

 Raitt et al. 2001 
(137) 
 11208684 

 
 

Aim:  To determine 
prognostic implications of 
stable VT 
 
Study type: Observational, 
registry of patients with 
hemodynamically stable VT  
 
Size:  The study population 
consisted of 440 patients 
with stable VT and 1029 
patients with unstable VT. Of 
the 1029 patients with 
unstable VT, 330 had 
therapy determined by 
randomization in the AVID 
trial: 52% received an ICD, 
47% amiodarone, and 2% 
sotalol. Therapy for the 
remaining 699 patients with 
unstable VT and the 440 
patients with stable VT was 
determined at the discretion 
of the attending physician. 

Inclusion criteria:  
Patients with stable VT 
that were not enrolled 
in AVID, were included 
in a registry of patients 
screened for the study. 
 
Exclusion criteria:  
Patients who had an 
arrhythmia within 5 d of 
MI, cardiac surgery, or 
coronary intervention 
were excluded, as were 
patients with NYHA class 
IV HF or those who were 
on a heart transplant 
list, had a prior ICD 
implant or attempted 
implant, or had a life 
expectancy of <1y. 

1  ̄endpoint:  Mortality 
 
Results:  The mortality in 440 
patients with stable VT tended to 
be greater than that observed in 
1029 patients presenting with 
unstable VT (33.6% vs 27.6% at 3 
y; RR:1.22; p=0.07). After 
adjustment for baseline and 
treatment differences, the RR was 
little changed (RR:1.25, p=0.06). 
 

 Sustained VT without serious 
symptoms or hemodynamic 
compromise is associated with a 
high mortality rate and may be a 
marker for a substrate capable of 
producing a more malignant 
arrhythmia 
 

 Ruwald et al. 
2014 (196) 
 24201303 

 
 

Aim:  to evaluate (1) the 
effects of innovative ICD 
programming with either a 
high-rate cutoff VT zone or 
delayed therapy on risk of 
syncope compared with 
conventional programming; 
(2) the independent 
prognostic factors associated 

Inclusion criteria:  1500 
patients from 98 
hospital centers with a 
1° prevention guideline 
indication to receive an 
ICD or CRT-D. 
 
Exclusion criteria:  
Patients were excluded 

1  ̄endpoint:  Syncope was a 
prespecified safety end point that 
was adjudicated independently. 
Multivariable Cox models were 
used to identify risk factors 
associated with syncope and to 
analyze subsequent risk of 
mortality. 
 

 21 syncopal events (33%) were 
classified as caused by VT or VF and 
4 (6%) as caused by other or 
unspecified arrhythmias, whereas a 
total of 39 events (61%) were 
classified as nonarrhythmogenic. 
 {yncope in HF patients (with a 

defibrillator) is primarily vasovagal, 
orthostatic, or otherwise 

http://www.ncbi.nlm.nih.gov/pubmed/11208684
http://www.ncbi.nlm.nih.gov/pubmed/24201303
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with syncope; and (3) the 
association between 
syncope, the cause of 
syncope, and the risk of 
death in patients enrolled in 
MADIT-RIT 
 
Study type: Subgroup 
analysis of MADIT-RIT. 
 
Size:  64 of 1500 patients 
(4.3%) had syncope 

if they had experienced 
AF within 1 mo before 
implantation; if they 
previously had been 
implanted with a 
pacemaker, ICD, or CRT-
D; or if they had a recent 
MI or revascularization 
procedure (within 3 
mo). 

Results:  Prognostic factors for all-
cause syncope included the 
presence of ischemic 
cardiomyopathy (HR: 2.48; 95% CI 
1.42ς4.34; p=0.002), previous VA 
(HR: 2.99; 95% CI 1.18ς7.59; 
ǇҐлΦлнмύΣ [±9C Җнр҈ όIw: 1.65; 
95% CI 0.98ς2.77; p=0.059), and 
younger age (by 10 y; HR: 1.25; 
95% CI1.00ς1.52; p=0.046). 
Syncope was associated with 
increased risk of death regardless 
of its cause (arrhythmogenic 
syncope: HR: 4.51; 95% CI 1.39ς
14.64, p=0.012; 
nonarrhythmogenic syncope: HR 
2.97; 95% CI 1.07ς8.28, p=0.038). 

nonarrhythmogenic in mechanism 
and underscores the fact that the 
presence of heart disease (in this 
case, ischemic or nonischemic HF) 
does not dictate that syncope has a 
cardiac cause 
 Syncope in HF patients is related 

to an increased cardiovascular risk 
profile and is associated with an 
increased risk of death regardless 
of its cause 

 Middlekauff et 
al.1993 (3) 
 8417050 

 

Study type: Retrospective 
cohort 
 
Size:  491 patients with CHF, 
of which 60 had a Hx of 
syncope; the condition had a 
cardiac origin in 29 (48%) 
and was due to other causes 
in 31 (52%). 

Inclusion criteria:  491 
consecutive patients 
with advanced CHF 
(NYHA functional class III 
or IV), no Hx of CA and a 
mean LVEF of 0.20 ± 
0.07. 
 
 
Exclusion criteria:  N/A 

1  ̄endpoint:  Mortality 
 
Results:  The actuarial incidence 
of sudden death by 1 y was 
significantly greater in patients 
with (45%) than in those without 
(12%, p<0.00001) syncope. In the 
Cox proportional hazards model, 
syncope predicted sudden death 
independent of AF, serum sodium, 
cardiac index, angiotensin-
converting enzyme inhibition and 
patient age. The actuarial risk of 
sudden death by 1 y was similarly 
high in patients with either cardiac 
syncope or syncope from other 
causes (49% vs. 39%, p=NS). 

 Authors concluded that patients 

with advanced HF and syncope are 

at especially high risk for sudden 
death regardless of the etiology of 
syncope. 
 

 Knight et al.1999 
(197) 
 10362200 

Study type: Observational 
 
Size:  14 patients 

Inclusion criteria 
consecutive patients 
who had a NICM, 

1  ̄endpoint:  Mortality 
 

 The authors conclude that the 
high incidence of appropriate ICD 
shocks and the association of 

http://www.ncbi.nlm.nih.gov/pubmed/8417050
http://www.ncbi.nlm.nih.gov/pubmed/10362200
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 unexplained syncope 
and a negative 
electrophysiology test 
and who underwent 
defibrillator 
implantation (Syncope 
Group).19 consecutive 

patients with a NICM 

and a CA who were 
treated with a ICD 
(Arrest Group) served as 
a control group.  
 
Exclusion criteria:  N/A 
 

Results:  Seven of 14 patients 
(50%) in the Syncope Group 
received appropriate shocks for 
VA during a mean follow-up of 
24±13 mo, compared with 8 of 19 
patients (42%) in the Arrest Group 
during a mean follow-up of 45±40 
mo (p=0.1). 

recurrent syncope with VA support 
the treatment of patients with 
NICM unexplained syncope and a 
negative electrophysiology test 
with ICD. 
 

 Brilakis et al. 
2001 (198) 
 11816631 

 

Study type: Observational 
 
Size:  54 patients 

Inclusion criteria:  
Between 1990 and 
1998, 54 (mean age 
67±11 y, 76% men) 
patients presented with 
IDCM and syncope. 
 
Exclusion criteria:  N/A 

Results: An EPS was done in 37 of 
the 54 patients. In the 17 patients 
who received an ICD, incidence of 
appropriate shocks at 1 and 3 y 
was 47% and 74%, respectively, in 
the inducible sustained 
monomorphic VT group, and 40% 
and 40%, respectively, in the 
group without inducible sustained 
monomorphic VT (p=0.29, log-
rank test) 

 The authors conclude that 
programmed ventricular 
stimulation is not useful in risk 
stratification of patients with IDCM 
and syncope and may delay 
necessary ICD implantation. 

 Fonarow et al. 
2000 (199) 
 10760339 

 

Study type: Observational 
 
Size:  147 patients 

Inclusion criteria:  147 
patients with Hx of 
syncope and no prior Hx 
of sustained VT or CA 
were identified. 
Outcomes were 
compared for the 25 
patients managed with 
an ICD and 122 patients 
managed with 

Results: During a mean follow-up 
of 22 mo, there were 31 deaths, 
18 sudden, in patients treated 
with conventional therapy, 
whereas there were 2 deaths, 
none sudden, in patients treated 
with an ICD. An appropriate shock 
occurred in 40% of the ICD 
patients. Actuarial survival at 2 y 
was 84.9% with ICD therapy and 

 The authors conclude in patients 
with nonischemic cardiomyopathy 
and syncope, therapy with an ICD is 
associated with a reduction in 
sudden death and an improvement 
in overall survival. 

http://www.ncbi.nlm.nih.gov/pubmed/11816631
http://www.ncbi.nlm.nih.gov/pubmed/10760339
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conventional medical 
therapy. 
 
Exclusion criteria:  N/A 
 

66.9% with conventional therapy 
(p=0.04). 

 Olshansky et al. 
2008 (200) 
 18371559 

 
 
 
 

Study type: Subgroup 
analysis of SCD-HeFT trial. 
 
Size:  472 patients 

Inclusion criteria:  
Patients in the SCD-HeFT 
trial who reported 
syncope prior of after 
randomization. 
 
Exclusion criteria:  N/A 
 

1  ̄endpoint:  Outcomes, including 
mortality, ICD discharges and SCD. 
 
Results:  In SCD-HeFT, 162 (6%) 
patients had syncope before 
randomization, 356 (14%) had 
syncope after randomization 
(similar incidence in each 
randomized arm), and 46 (2%) had 
syncope before and after 
randomization. In the ICD arm, 
syncope, before and after 
randomization, was associated 
with appropriate ICD discharges 
(HR: 1.75;95% CI: 1.10ς2.80, 
p=0.019 and HR: 2.91;95% CI: 
1.89ς4.47, p=0.001, respectively). 
Post-randomization syncope 
predicted total and cardiovascular 
death (HR: 1.41; 95% CI: 1.13ς
1.76, p=0.002 and HR: 1.55; 95% 
CI: 1.19ς2.02, p=0.001, 
respectively). The elevated 
relative risk of mortality for 
syncope vs. nonsyncope patients 
did not vary significantly across 
treatment arms (ICD, HR: 1.54; 
95% CI: 1.04ς2.27; amiodarone, 
HR: 1.33; 95% CI: 0.91ς1.93; and 
placebo, HR: 1.39; 95% CI: 0.96ς
2.02, test for difference p=0.86). 

 Syncope was common in the 
SCD-HeFT population. Post-
randomization syncope was 
associated with increased risk of 
all-cause mortality, cardiovascular 
mortality, and SCD (despite 
randomization to an ICD). Those 
patients randomized to an ICD, 
who had syncope, were more likely 
to receive appropriate ICD shocks 
than those without syncope; yet, 
did not protect patients against 
recurrent syncope and did not 
protect against the risk of death. 

 

http://www.ncbi.nlm.nih.gov/pubmed/18371559
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Data Supplement 27. RCTs Primary Prevention SCD in NICM ς (Section 7.2.2) 
Study Acronym; 

Author;  
Year Published 

Aim of Study; 
Study Type; 

Study Size (N) 

Patient Population Study Intervention  
(# patients) /  

Study Comparator  
(# patients) 

Endpoint Results 
(Absolute Event Rates,  
P values; OR or RR; & 

95% CI) 

Relevant  2̄ Endpoint (if any); 
Study Limitations; 

Adverse Events 

 CAT  
 Bänsch D et al. 

2002 (201) 
 11914254 

 
 
   

Aim:  Multicenter 
RCT of ICD vs. 
conventional 
Therapy in NIDCM 
 
Study type:   RCT 
 
Size:    104 patients 

Inclusion criteria:  
Recent onset of DCM 
όҖф Ƴƻύ ŀƴŘ ŀƴ EF Җол҈ 
and class II-III 
 
Exclusion criteria:  CAD, 
excessive alcohol 
intake, prior MI or 
myocarditis. 

Intervention: ICD 
(N=50) 
 
Comparator:    
Conventional therapy 
(N=54) 

1  ̄endpoint:  The 1° end 
point of the trial was all-
cause mortality at 1 y.  
 

¶ Cumulative survival was 
92%, 86%, and 73% in the 
ICD treatment group 
vs. 93%, 80%, and 68% in 
the control group after 2, 
4, and 6 y, respectively 
(log rank p=0.554) 
   
 

 Enrollment was terminated 
early because the interim 
analysis showed that the 
overall1 y mortality rate for all 
patients was only 5.6%, well 
below the assumed value of 
30%.  
 Because the overall 

mortality rate was too low, the 
study was stopped for futility 
after the pilot phase. Even if 
1,348 patients had been 
included, as initially planned, 
the trial would have been 
underpowered. 
 

 AMIOVIRT  
 Strickberger et 

al. 2003 (202) 
 12767651 

 

Aim:  Multicenter 
RCT of ICD vs. 
amiodarone 
Therapy in NIDCM 
and NSVT 
 
Study type: RCT    
 
Size:    103 patients 

Inclusion criteria:  EF 
ҖлΦорΣ ŀǎȅƳǇǘƻƳŀǘƛŎ 
NSVT, NYHA class I to 
III. 
 
Exclusion criteria: 
Syncope, pregnancy, a 
contraindication to 
amiodarone or 
ICD or concomitant 
therapy with a Class I 
AAD 

Intervention: ICD 
(N=51) 
  
Comparator:  
Amiodarone (N=52)   

1  ̄endpoint:  Total 
Mortality 
 

¶ Survival at 1 y (90% vs. 
96%) and 3 y (88% vs. 
87%) was similar in the 
amiodarone and ICD 
groups respectively 
(p=0.8). 

 Trial terminated early for 
futility in view of lower than 
expected mortality. 
 With the observed mortality 

rates, approximately 12,000 
patients would have been 
required to achieve a power of 
80%. 
 
 
 
 

http://www.ncbi.nlm.nih.gov/pubmed/?term=11914254
http://www.ncbi.nlm.nih.gov/pubmed/12767651?dopt=Citation


117 
 
© 2017 by the American College of Cardiology Foundation, American Heart Association, Inc., and Heart Rhythm Society 

 DEFINITE  
 Kadish A, et al. 

2004 (203) 
 15152060 

Aim:  Multicenter 
RCT of ICD vs. 
standard medical 
therapy in NIDCM 
and ambient VA 
 
Study type:   RCT 
 
Size:    458 patients 

Inclusion criteria:  EF 
Җо5%, and >10 PVCs/h 
or NSVT. 
 
Exclusion criteria:   
NYHA class IV 
HF, familial 
cardiomyopathy 
associated with sudden 
death, acute 
myocarditis or 
congenital heart 
disease. 

Intervention: ICD 
(N=229) 
 
Comparator:    
Conventional therapy 
(N=229) 

1  ̄endpoint:  Total 
Mortality 
 
Fewer patients died in the 
ICD group than in the 
Control group (28 vs. 40), 
but the difference in 
survival was NS (p=0.08)  
 

 There were 3 sudden deaths 
from arrhythmia in the ICD 
group, as compared with 14 
deaths in the 
 Control group (HR: 0.20; 95 

% CI: 0.06ς0.71; p=0.006) 
 

 SCD-HeFT 
 Bardy et al. 

2005 (43) 
 15659722 

 
 

Aim:  Multicenter 
RCT of ICD vs 
amiodarone vs. 
optimal medical 
therapy 
 
Study type:  RCT  
 
Size:    2,521 
patients 

Inclusion criteria:  
Ischemic or non 
ischemic DCM, NYHA 
class II or III HF and 
[±9C Җ35% 
 
Exclusion criteria:  N/A 

Intervention: 
Amiodarone (N=845) 
ICD therapy (N= 829) 
  
Comparator:    
Optimal medical 
therapy (N=847) 

1  ̄endpoint:   
After a median follow-up 
of 4 y, the mortality rate 
was 22% in the ICD group, 
28% in the amiodarone 
group, and 29% in the 
control group. This 
resulted in a 22% RR 
reduction and a 7.2% 
absolute risk reduction in 
the all-cause mortality in 
the ICD group as 
compared with optimized 
medical therapy alone 
(p=0.007) 

 Amiodarone showed no 
benefit in survival 
 Non-ischemic DCM 48% of 

cohort. 
 Similar benefit ischemic vs. 

non-ischemic. 
 
 

 COMPANION 
 Bristow et al. 

2004 (204) 
 15152059 

 

Aim:  Multicenter 
RCT of CRT vs. CRT-
D vs. optimized 
medical therapy 
 
Study type:   RCT 
 
Size:    1,520 
patients 

Inclusion criteria:  
1,520 Ischemic or non 
ischemic DCM, NYHA 
class III or IV, LVEF 
Җор% and QRS >120 
msec 
 
Exclusion criteria:  N/A 

Intervention:  
CRT-D (N=595) 
CRT Pacer (N=617) 
 
Comparator: Optimal 
medical therapy 
(N=308) 

1  ̄endpoint:  The 1° end 
point was a composite of 
death or hospitalization 
for any cause. 
CRT-P decreased the risk 
of the 1° end point (HR: 
0.81; p=0.014), as did CT-
D (HR: 0.80; p=0.01). 

 A CRT pacemaker reduced 
the risk of the 2° end point of 
death from any cause by 24% 
(p=0.059), and a CRT 
pacemakerςdefibrillator 
reduced the risk by 36% 
(p=0.003) 
 Non ischemic 44% of cohort 

 

http://www.ncbi.nlm.nih.gov/pubmed/15152060
http://www.ncbi.nlm.nih.gov/pubmed/15659722
http://www.ncbi.nlm.nih.gov/pubmed/15152059
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 Desai et al. 
2004 (195) 
 15598919 

 

Aim:  To determine 
whether ICD 
therapy reduces all-
cause mortality in 
patients with NICM. 
 
Study type: meta-
analysis of RCTs 
 
Size: 8 RCTs 
enrolling a total of 
2146 patients with 
NICM were 
included. 7 trials 
reported subgroup 
estimates for ICD 
efficacy in NICM 

Inclusion criteria:  
prospective RCTs of ICD 
or combined cardiac 
resynchronization 
therapy and 
defibrillator (CRT-D) vs 
medical therapy 
enrolling at least some 
individuals with NICM 
and reporting all-cause 
mortality as an 
outcome 
 

Intervention: ICD 
  
Comparator:    
Medical therapy 

1  ̄endpoint: Five 1° 
prevention trials enrolling 
1854 patients with NICM 
were identified; pooled 
analysis suggested a 
significant reduction in 
total mortality among 
patients randomized to 
ICD or CRT-D vs medical 
therapy (RR: 0.69; 95% CI: 
0.55ς0.87; p=0.002). 
Mortality reduction 
remained significant even 
after elimination of CRT-D 
trials.   
 

¶ Analysis of all 7 trials 
combined demonstrated a 
statistically significant 31% 
overall reduction in mortality 
with ICD therapy (RR: 0.69; 
95% CI: 0.56ς0.86; p=0.002). 
 

 DANISH 
 Kober L, et al. 

2016 (205) 
 27571011 

Aim:  To evaluate 
the benefit of 
prophylactic ICDs in 
patients with 
systolic HF that is 
not due to CAD 
 
Study type: RCT    
 
Size:    1116 patients 

Inclusion criteria:  
Symptomatic patients 
(NYHA class II or III, or 
NYHA class IV if CRT 
was planned) with 
nonischemic 
systolic HF ό[±9C Җор҈ύ 
and an increased level 
(>200 pg/mL) of N-
terminal proςbrain 
natriuretic peptide (NT-
proBNP). 
 
Exclusion criteria:  
Patients who had 
permanent atrial 
fibrillation with a 
resting heart rate 
higher than 

Intervention: ICD 
(N=556) 
  
Comparator:   Usual 
care for CHF (N=560)  

1  ̄endpoint:  Death from 
any cause.  
 
After a median follow-up 
period of 67.6 mo, the 1° 
outcome had occurred in 
120 patients (21.6%) in 
the ICD group and in 131 
patients (23.4%) in the 
control group (HR: 0.87; 
95% CI: 0.68ς1.12; 
p=0.28). 

¶ SCD (a 2° outcome) occurred 
in 24 patients (4.3%) in the ICD 
group and in 46 patients 
(8.2%) in the control group 
(HR: 0.50; 95% CI: 0.31ς0.82; 
p=0.005) 

¶ 58% of patients received CRT 
system, which could have 
influenced overall results. 

¶ Younger patients did show 
survival benefit. 
 
 

http://www.ncbi.nlm.nih.gov/pubmed/?term=15598919
https://www.ncbi.nlm.nih.gov/pubmed/?term=27571011
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100 beats per minute 
or renal failure that was 
being treated with 
dialysis. 

Data Supplement 28. Nonrandomized Trials, Observational Studies, and/or Registries of Primary Prevention of SCD in NICM ς (Section 7.2.2) 
Study Acronym; 

Author; 
Year Published 

Study Type/Design; 
Study Size 

Patient Population 1° Endpoint and Results 
(P values; OR or RR;   

& 95% CI) 

Summary/Conclusion 
Comment(s) 

 Marburg 
Cardiomyopathy 
Study  
 Grimm et al. 2003 

(206) 
 14623812 

 
 

Aim: To determine 
the 
clinical value of 
potential noninvasive 
arrhythmia risk 
predictors in a large 
patient cohort with 
IDC 
 
 
Study type: 
Prospective 
observational 
monocenter study 
 
Size: 343 patients 

Inclusion criteria: Men and 
women with IDC between 16 
and 70 y of age and LVEF <45% 
and a LV end-diastolic diameter 
>56 mm by echocardiography. 
 
Exclusion criteria:  CHF 
NYHA functional class IV; a Hx of 
sustained VT or VF); an episode 
of unexplained syncope within 
the previous 12 mo; class I or 
class III AAD therapy that could 
not be withdrawn for at least 5 
drug half-lives; amiodarone 
therapy within the previous 6 
mo; pacemaker dependency; 
CAD diagnosed by evidence of 
any coronary artery stenosis 
>50% by angiography; or a Hx of 
MI, systemic arterial 
hypertension, active 
myocarditis, alcohol abuse, drug 
dependency, severe liver or 
kidney disease, thyroid disease, 
malignancies, or systemic 
diseases. 

1  ̄endpoint:  During 52±21 mo 
of follow-up, major arrhythmic 
events were observed in 46 
patients (13%), including sudden 
cardiac death in 23 patients and 
sustained VT or VF in another 23 
patients 
 
Results:  On multivariate 
analysis, LVEF was the only 
significant arrhythmia risk 
predictor in patients with sinus 
rhythm, with a relative risk of 2.3 
per 10% decrease of LVEF (95% 
CI: 1.5ς3.3; p=0.0001). NSVT on 
Holter was associated with a 
trend toward higher arrhythmia 
risk (RR: 1.7; 95% CI: 0.9ς3.3; 
p=0.11), whereas BB therapy was 
associated with a trend toward 
lower arrhythmia risk (RR: 0.6; 
95% CI: 0.3ς1.2; p=0.13). 
 

 Non invasive tests such as signal-
averaged ECG, baroreflex 
sensitivity, heart rate variability, 
and T-wave alternans did not seem 
to be helpful for arrhythmia risk 
stratification. 
 

http://www.ncbi.nlm.nih.gov/pubmed/14623812
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 Goldberger et al. 
2014 (207)  
 24445228 

 

Aim:  To estimate 
performance of 12 
common risk 
stratification test as 
predictors of 
arrhythmic events in 
patients with DNICM 
 
Study type:   meta-
analysis of 12 
commonly reported 
risk stratification 
tests as predictors of 
arrhythmic events 
 
Size:    45 studies 
enrolling 6,088 
patients 

Inclusion criteria:  45 studies 
involving human subjects of the 
following tests: baroreflex 
sensitivity, heart rate 
turbulence, heart rate 
variability, LV end-diastolic 
dimension, LVEF, 
electrophysiologic study, NSVT, 
LBBB, signal-averaged 
electrocardiogram, fragmented 
QRS, QRS-T angle, and T-wave 
alternans 
 
Exclusion criteria:  N/A 

Results:  Test sensitivities ranged 
from 28.8% to 91.0%, 
specificities from 36.2% to 
87.1%, and odds ratios from 1.5 
to 6.7. Odds ratio was highest for 
fragmented QRS and TWA (OR: 
6.73 and 4.66; 95% CI: 3.85ς
11.76 and 2.55ς8.53, 
respectively) and lowest for QRS 
duration (OR: 1.51; 95% CI: 1.13ς 
2.01). None of the autonomic 
tests (heart rate variability, heart 
rate turbulence, baroreflex 
sensitivity) were significant 
predictors of arrhythmic 
outcomes. 
 

 Techniques incorporating 
functional parameters, 
depolarization abnormalities, 
repolarization abnormalities, and 
arrhythmic markers provide only 
modest risk stratification for 
sudden cardiac death in patients 

with NICM. 
 At best, the OR for any 1 

predictor is generally in the range 
of 2 to 4, precluding their 
usefulness in isolation for 
individual patient decisions 

 Anselme et al. 
2013 (208) 
 23811080 

 

Aim: To evaluate a 
strategy of 
prophylactic ICD in 
LMNA mutation 
carriers with 
significant cardiac 
conduction disorders 
 
Study type:   
Prospective single 
center observational 
 
Size:    47 patients 
with LMNA 
mutations 

Inclusion criteria ICD implant at 
any time during follow-up when 
any of the following 
prespecified significant 
conduction disorders was 
encountered: (1) requirement 
for permanent ventricular 
pacing for bradycardia; (2) PR 
interval >0.24 s and either 
complete LBBB (LBBB) or NSVT; 
(3) patients already implanted 
with a pacemaker at 
presentation to our center.  
 
Exclusion criteria:  N/A 

1  ̄endpoint:  Malignant VA 
 
Results:  ICD was implanted in 21 
out of the 47 patients. Among 
ICD recipients, no patient died 
suddenly and 11 (52%) patients 
required appropriate ICD therapy 
during a median follow-up of 62 
mo. LVEF ǿŀǎ җпр҈ ƛƴ ф ǇŀǘƛŜƴǘǎ 
at the time of the event. Among 
the 10 patients without 
malignant VA, device memory 
recorded NSVT in 8 (80%). The 
presence of significant 
conduction disorders was the 
only factor related to the 
occurrence of malignant VA (HR: 
5.20; 95% CI: 1.14ς23.53; 
p=0.03). 

 Life-threatening VAs are 
common in patients with LMNA 
mutations and significant cardiac 
conduction disorders, even if LVEF 
is preserved 
 

http://www.ncbi.nlm.nih.gov/pubmed/24445228
http://www.ncbi.nlm.nih.gov/pubmed/23811080
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 van Rijsingen et al. 
2012 (209) 
 22281253 

 

Aim: The purpose of 
this study was to 
determine risk 
factors that predict 
malignant VA in 
Lamin A/C mutation 
carriers 
 
Study type: 
Multicenter, 
retrospective 
analysis 
 
Size: 269 patients 

Inclusion criteria: Mutation 
carriers older than 15 y of age 
with a previously published 
pathogenic LMNA mutation 
with cardiac involvement and 
persons with a newly identified 
LMNA mutation with clinical or 
family evidence of a 
laminopathy with possible 
cardiac involvement. 
 
Exclusion criteria:  N/A 

1  ̄endpoint:  First occurring 
MVA. MVA were defined as 
appropriate ICD treatment, CPR, 
or SCD 
 
Results:  At median follow-up 
period of 43 mo (interquartile 
range: 17ς101 mo), 48 (18%) 
persons experienced a first 
episode of MVA. Independent 
risk factors for MVA were NSVT, 
LVEF <45% at the first clinical 
contact, male sex, and non-
missense mutations (ins-
del/truncating or mutations 
affecting splicing). MVA occurred 
only in persons with at least 2 of 
these risk factors. There was a 
cumulative risk for MVA per 
additional risk factor. 

 Carriers of LMNA mutations with 
a high risk of MVA can be identified 
using these risk factors.  
 Conduction disturbances were 

not a risk factor in this study.  
 The 4 independent risk factors 

were NSVT, LVEF <45% at the first 
clinical contact, male sex, and non-
missense mutations (ins-del/ 
truncating or mutations affecting 
splicing). 
 

 Pasotti et al. 2008 
(210) 
 18926329 

 
 

Aim: The aim of this 
study was to analyze 
the long-term follow-
up of dilated 
cardiolaminopathies 
in patients with 
LAMIN gene 
mutations 
 
Study type: 
Retrospective 
observational 
longitudinal study 
 
Size: 94 patients 

Inclusion criteria: 27 
consecutive families in which 
LMNA gene defects were 
identified in the probands, all 
sharing the DCM phenotype. Of 
the 164 family members, 94 had 
LMNA gene mutations 
 
Exclusion criteria:  N/A 

1  ̄endpoint:  Events were death 
from any cause, death from HF, 
heart transplantation, and SCD, 
including appropriate ICD 
interventions 
 
Results:   

¶ 60 of 94 (64%) were 
phenotypically affected whereas 
34 were only genotypically 
affected. 

¶ Of the 60 patients, 40 had DCM 
with AVB, 12 had DCM with 
VT/VF, 6 had DCM with AVB and 
EDMD2, and 2 had AVB plus 
EDMD2.  

 Authors concluded that dilated 
cardiomyopathies caused by LMNA 
gene defects are highly penetrant, 
adult onset, malignant diseases 
characterized by a high rate HF and 
life-threatening arrhythmias. 
 Neither AVB nor pacemaker 

implantation turned out to be 
predictors of events.  
 NYHA class III to IV and highly 

dynamic 
 /ompetitive sports for 10 y were 

independent predictors of total 
events. 
 

http://www.ncbi.nlm.nih.gov/pubmed/?term=22281253
http://www.ncbi.nlm.nih.gov/pubmed/18926329
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¶During a median of 57 mo there 
were 49 events in 43 DCM 
patients. 

¶The events were related to HF 
(15 heart transplants, 1 death 
from end-stage HF) and VA (15 
SCDs and 12 appropriate ICD 
interventions). 

 van Berlo et al. 
2005 (211) 
 15551023 

 

Aim: To evaluate 
common clinical 
characteristics of 
patients with lamin 
A/C gene mutations 
that cause either 
isolated DCM or DCM 
in association with 
skeletal muscular 
dystrophy. 
 
Study type: Meta-
analysis (pooled 
data) 
 
Size: 299 carriers of 
lamin A/C mutations 

Inclusion criteria:  21 
publications between March 
1999 and March 2002 reporting 
lamin A/C gene mutations 
 
Exclusion criteria:   Patients 
with familial partial 
lipodystrophy, progeria, axonal 
neuropathy and mandibuloacral 
dysplasia caused by mutations 
in the lamin A/C gene were 
excluded 

1  ̄endpoint:  Arrhythmias and 
sudden death 
 
Results:   

¶ Cardiac dysrhythmias were 
reported in 92% of patients after 
the age of 30 y; HF was reported 
in 64% after the age of 50.  

¶ 76 of the reported 299 patients 
(25%) died at a mean age of 46 y.  

¶ Sudden death was the most 
frequently reported mode of 
death (46%) in both the cardiac 
and the neuromuscular 
phenotype. 

 Authors conclude that carriers of 
lamin A/C mutations carry a high 
risk of sudden death. 
 Presence of pacemaker did not 

protect against sudden death. 
 

 Piccini et al. 2009 
(154) 
 19336434 

 
 

 
 

Aim:  To evaluate the 
cumulative evidence 
regarding the safety 
and efficacy of 
amiodarone in 
prevention of SCD 
 
Study type: Meta-

analysis of all RCT 
examining the use of 
amiodarone vs. 
placebo/control for 

Inclusion criteria: Studies in 
which patients were 
randomized to amiodarone and 
placebo or inactive control. 
Additional 
inclusion criteria included: 
treatment for >30 d, follow-up 
>6 mo, and availability of all-
cause mortality as an endpoint 
 
Exclusion criteria:  Studies 

1  ̄endpoint:  SCD, CVD, all-cause 
mortality, and the incidences of 
drug toxicities. 
 
Results:  Amiodarone decreased 
the incidence of SCD [7.1 vs. 
9.7%; OR: 0.71; 95% CI 0.61ς
0.84; p<0.001] and 
cardiovascular death (CVD) 
[14.0% vs.16.3%; OR: 0.82; 95% 
CI 0.71ς0.94, p=0.004]. There 
was a 1.5% absolute risk 

 Amiodarone reduces the risk of 
SCD by 29% and CVD by 18%, 
however, amiodarone therapy is 
neutral with respect to all-cause 
mortality and was associated with 
a 2- and 5-fold increased risk of 
pulmonary and thyroid toxicity. 
 Authors suggested amiodarone 

as a viable alternative in patients 
who are not eligible for or who do 
not have access to ICD therapy for 
the prevention of SCD.  

http://www.ncbi.nlm.nih.gov/pubmed/?term=15551023
http://www.ncbi.nlm.nih.gov/pubmed/19336434
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the prevention of 
SCD   
 
Size: 15 trials, which 
randomized 8,522 
patients 

of patients with shock-
refractory VA, OHCA, patients 
<18 y, randomization to 
amiodarone vs. a class Ic or 
class III AAD (without a placebo 
or standard of care arm). 
Studies of patients with ICDs 
were excluded unless used on 
both arms. 

reduction in all-cause mortality 
which did not meet statistical 
significance (p=0.093). 
Amiodarone therapy increased 
the risk of pulmonary [2.9% vs. 
1.5%; OR: 1.97; 95% CI 1.27ς
3.04, p=0.002], and thyroid [3.6% 
vs. 0.4%; OR: 5.68; 95% CI 2.94ς
10.98, p<0.001] toxicity. 
 

 

 WEARIT-II  
 Kutyifa et al. 2015 

(212) 
 26316618 

 

Study type:   
Observational 
 
Size:   2000  

Inclusion criteria:  All patients 
with LifeVest offered 
patients with LVEF and a high 
risk for SCD after MI, following 
coronary revascularization, with 
a new-onset dilated NICM, with 
high risk for SCD until 
stabilization, or with inherited 
or congenital heart disease 
Exclusion criteria:  refused 
consent 

1  ̄endpoint:   
 
Results:   
805 patients (40%) had ischemic 
cardiomyopathy, 927 patients 
(46%) had nonischemic 
cardiomyopathy, and 268 (14%) 
patients were diagnosed with 
congenital or inherited heart 
disease 
The median age was 62 y; the 
median LVEF was 25%. The 
median WCD wear time was 90 
d, with median daily use of 22.5 
h. 

 There was a total of 120 
sustained ventricular 
tachyarrhythmias in 41 patients, of 
whom 54% received appropriate 
WCD shock. Only 10 patients 
(0.5%) received inappropriate WCD 
therapy. 
 The rate of sustained ventricular 

tachyarrhythmias by 3 mo was 3% 
among patients with ischemic 
cardiomyopathy and 
congenital/inherited heart disease, 
and 1% among nonischemic 
patients (p=0.02). 
 90 sustained VT events in 22 

patients were withheld from 
therapy, whereas 30 events in 22 
patients required WCD shock 
therapy owing to hemodynamic 
instability (corresponding to 5 
events per 100 patient y). 
 All patients who required shock 

delivery had their VT/VF episodes 
successfully terminated with the 
first shock. 
 10 patients (0.5%, 2 per 100 

patient-y) had inappropriate WCD 

http://www.ncbi.nlm.nih.gov/pubmed/26316618?dopt=Citation
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therapy during the follow-up 
because of ECG artifacts. 
 Inappropriate shocks did not 

induce VT or VF. 

 Singh et al. 2015 
(213) 
 26670060 

 

Study type:   
observational single 
center 
 
Size: 691 (254 new 
NICM and 271 new 
ICM 

Inclusion criteria:  All 
consecutive patients prescribed 
a WCD between June 1, 2004 
and May 30, 2015 at the 
hospitals comprising the 
University of Pittsburgh Medical 
Center to which access to 
clinical data was available. 
 
Exclusion criteria:   
Patients with an explanted ICD 
awaiting reimplantation, prior 
cardiac arrest unrelated to AMI, 
or elevated risk of SCD for 
reasons other than ICM or 
NICM. 

1  ̄endpoint:  Appropriate WCD 
therapy 
 
Results:  During 56.7 patient-y, 0 
NICM patients received an 
appropriate WCD shock 
 
During 46.7 patient-y, 6 (2.2%) 
ischemic 
cardiomyopathypatients received 
an appropriate shock; 5 
survived the episode, and 4 
survived to hospital discharge 

 Single center study 
 

 Uyei et al. 2014 
(214) 
 24893969 

 

Study type:   
Systematic review 
 
 
Size: 

N/A 1  ̄endpoint:  N/A 
 
Results:  It appears that 
wearable defibrillator use 
compared with no 
defibrillator use reduces the 
chance of VT/VF associated 
deaths by an absolute risk 
reduction of approximately 1%, 
achieved by averting 
approximately 4/5th of all VT/VF 
associated deaths. 

 The quality of evidence was low 
to very low quality, such that our 
confidence in the reported 
estimates is weak. 
 

 Al-Khatib et al. 
JAMA Cardiology 
2017 (215) 
 28355432 

 

Study type: meta-
analysis of RCTs 
 
Size: N=1,874  

Inclusion criteria:  1° 
prevention ICDs in patients with 
NICM 
 
Exclusion criteria:   

1  ̄endpoint:  all-cause mortality 
 
Results:   
Pooling data with fixed and RE 
models from these 4 studies 

¶ 1° prevention ICDs are efficacious 
at reducing all-cause mortality in 
patients with NICM 

http://www.ncbi.nlm.nih.gov/pubmed/26670060
http://www.ncbi.nlm.nih.gov/pubmed/24893969
https://www.ncbi.nlm.nih.gov/pubmed/28355432
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   CRT 
Antiarrhythmic medication arm 
 

showed a significant reduction in 
all-cause mortality with an ICD 
(HR: 0.75; 95% CI 0.61-0.93, p= 
0.008; p for 
heterogeneity=0.873)  

Data Supplement 29. RCTs and Nonrandomized Trials, Observational Studies, and/or Registries of Treatment of Recurrent VA in Patients 
With NICM ς (Section 7.2.3) 

Study Acronym; 
Author; 

Year Published 

Study Type/Design; 
Study Size 

Patient Population 1° Endpoint and Results 
(P values; OR or RR; 

& 95% CI) 

Summary/Conclusion 
Comment(s) 

 OPTIC Study 
 Connolly et al. 

2006 (159) 
 16403928 

 

Aim: To determine 
whether amiodarone 
plus BB or sotalol are 
better than BB alone 
for prevention of ICD 
shocks. 
 
Study type:  
multicenter RCT  
 
Size:    412 patients 

Inclusion criteria: Patients 
were eligible if they had 
received an ICD within 21 d 
for inducible or 
spontaneously occurring VT 
or VF.  
 
Exclusion criteria: Patients 
were excluded if they had 
LQTS, corrected QT interval of 
more than 450 millisec, were 
receiving a class I or class III 
antiarrhythmic agent, had 
received amiodarone or 
sotalol for more than 20 
consecutive days at anytime 
(patients who had received 
>10 d of amiodarone had to 
be taken off amiodarone for 
10d before randomization), a 
calculated creatinine 
clearance of less than 30 
mL/min (<0.50 mL/s), 
symptomatic AF likely to 
require use of a class I or 

1  ̄endpoint: ICD shock for any 
reason. 
 
Results: Shocks occurred in 41 
patients (38.5%) assigned to BB 
alone, 26 (24.3%) assigned to 
sotalol, and 12 (10.3%) assigned to 
amiodarone plus BB. A reduction in 
the risk of shock was observed with 
use of either amiodarone plus BB 
or sotalol vs BB alone (HR: 0.44; 
95% CI: 0.28ς0.68; p<0.001). 
Amiodarone plus BB significantly 
reduced the risk of shock 
compared with BB alone (HR: 0.27; 
95% CI: 0.14ς0.52; p<0.001) and 
sotalol (HR: 0.43; 95% CI: 0.22ς
0.85; p=0.02). There was a trend 
for sotalol to reduce shocks 
compared with BB alone (HR: 
0.61;95% CI, 0.37ς1.01; p=0.055). 
The rates of study drug 
discontinuation at 1y were 18.2% 
for amiodarone, 23.5% for sotalol, 
and 5.3% for BB alone.  

 Amiodarone plus BB is effective 
for preventing these shocks and is 
more effective than sotalol but has 
an increased risk of drug-related 
adverse effects 
 Adverse pulmonary and thyroid 

events and symptomatic 
bradycardia were more common 
among patients randomized to 
amiodarone. 

http://www.ncbi.nlm.nih.gov/pubmed/16403928
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class III antiarrhythmic agent, 
absence of SHD, 
contraindications to 
ŀƳƛƻŘŀǊƻƴŜ ƻǊ ŀ ʲ-blocker, or 
NYHA class IV symptoms of 
HF.  
Intervention: amiodarone 
plus BB, sotalol alone 
  
Comparator:  BB alone. 

 International 
VT Collaborative 
Group Study 
 ¢ǳƴƎ w нлмр 

(178) 

Aim:  to determine the 
association of VT 
recurrence after 
ablation and survival in 
scar related VT 
 
Study type:   
Multicenter 
observational 
 
Size:    2061 

Inclusion criteria:  SHD with 
Ischemic and Non-Ischemic 
cardiomyopathies with 
monomorphic VT and 
myocardial scar by 
electroanatomic mapping 
 
Exclusion criteria:  absence of 
scar on electroanatomical 
mapping  
 
Intervention: Catheter 
ablation, either endocardial 
or epicardial, guided by EAM.  
End point of ablation with 
elimination of all induced VTs 
 

1  ̄endpoint:   
Freedom from VT recurrence, 
Heart Transplant, or death was 
70% at 1 y follow-up. 
VT recurred in 55% of patients who 
died vs. 22% of patients who 
survived. 
Transplant free survival was 90% 
for patients without VT recurrence 
and 71% for those with VT 
recurrence (HR 6.9; 95% CI 5.3ς9.0, 
p<0.001). 
 

 tǊƻŎŜŘǳǊŀƭ ŎƻƳǇƭƛŎŀǘƛƻƴǎ 
occurred in 6%, including 2 deaths 
(0.1%), hemopericardium in 1.7%, 
and vascular access complications in 
1.6% 
 
 
 

 HELP-VT 
 5ƛƴƻǾ нлмп 

(175) 
 24211823 

 
 

Aim:   
To determine the 
outcome of VT 
catheter ablation in 
patients with NICM to 
those with Ischemic 
Cardiomyopathy (ICM) 
Study type:    
Prospective, non-
randomized 

Inclusion criteria:   
Patients with SHD referred 
for catheter ablation of VT 
with either NICM (N=63) or 
ischemic 
cardiomyopathy(N=164) 
Exclusion criteria:   
Failure of informed consent 
Intervention:  

1  ̄endpoint:  At 1y follow-up, VT 
free survival was 57% for ischemic 
cardiomyopathyand 40.5% for 
NICM patients (HR: 1.62; 95% CI: 
1.12ς2.34, p=0.01).  ischemic 
cardiomyopathyrequired epicardial 
ablation in only 2 of 164 (1.2%) 
whereas NICM required epicardial 
ablation in 30.8% (p=0.0001). 
 

 Complications 
Complications occurred in 11.1% of 
NICM and 11.1% of ischemic 
cardiomyopathypatients, including 
death in 4.8% of NICM and 3.7% of 
ischemic cardiomyopathy  
 
 

https://www.ncbi.nlm.nih.gov/pubmed/24211823
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Size:  227 patients    Catheter ablation for 
patients with NICM 
Comparator:    
Catheter ablation in patients 
with ischemic 
cardiomyopathy 

 
 

 

Data Supplement 30. Nonrandomized Trials, Observational Studies, and/or Registries of Arrhythmogenic Right Ventricular Cardiomyopathy ς 
(Section 7.3) 

Study Acronym; 
Author; 

Year Published 

Study Type/Design; 
Study Size 

Patient Population 1° Endpoint and Results 
(P values; OR or RR; 

& 95% CI) 

Summary/Conclusion 
Comment(s) 

 Quarta G, et al. 
Circ 2011 (216) 
 21606390 

 
 

Study type:  
national cohort  
 
Size:    255 

Inclusion criteria:  
100 families with 
ARVC evaluated 
2003-2009 
 
first degree: 210  
second degree: 45 
 
Exclusion criteria: 
N/A  

1  ̄endpoint:  Familial evaluation for ARVC; 
followup 3.4±1.6 y.  Deceased proband in 51 
families 
 
Results: in 88% of deceased: dx of ARVC made 
at autopsy 
SCD most common in young: 31% died 
between 14-20 y 
Definite or probable gene mutations; 58% of 
families, 73% of living probands 
42% of first degree relatives had disease 
expression 
62% of gene carriers had phenotypic 
expression 
Progressive disease expression beyond age 40 
in 50% 

 >50% probands died suddenly 
 Desmosomal gene complexity in 

10% of relatives, assoc with 5-fold 
increased risk of disease expression 

 Kapplinger JD 
JACC 2011 (217) 
 21636032 

  
 

 

Study type:  Multi-
center Netherlands, 
retrospective  
 
Size:    93 probands 
and 427 controls 

Inclusion criteria:  
ARVC patients and 
427 unrelated 
healthy controls 
 

1  ̄endpoint:  Determine prevalence of 
ōŀŎƪƎǊƻǳƴŘ άƴƻƛǎŜέ ƛƴ !w±/ ƎŜƴŜǘƛŎ ǘŜǎǘƛƴƎ 
 
Results: Mutations present in 58% of ARVC 
and 16% of controls 
Radical mutations: 43% of ARVC, vs 0.5% 
controls 

 Radical mutations are high-
probablility ARVC associated 
mutations 
 R Missense mutation should be 

interpreted in context of race, 
ethnicity, mutation location, 
sequence conservation; more likely 

https://www.ncbi.nlm.nih.gov/pubmed/?term=21606390
https://www.ncbi.nlm.nih.gov/pubmed/?term=21636032
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Tested for PKP2, 
DSP, DSG2, DSC2, 
TEME43 
 
Added data from 82 
patients in ARVD/C 
Registry in USA 
 
Exclusion criteria:  
N/A 

Missense mutations: 21% of ARVC, 16% of 
controls 
 

positive if Caucasian, within DSP and 
DSG2 hotspot, and conserved in 
PKP2 and DSG2 residue 
 R Background mutation rate = 16% 

(vs 5% for LQT1-3) 

 Bhonsale A, et al. 
CAE 2013 (218) 
 23671136 

 

Study type:    
 
Size:    215 

Inclusion criteria:  
ARVC patients with 
positive genotype: 
desmosomal 
mutation carriers 
PKP2 85% 
53% males, mean 
age 32 ±18 y  
Presentation VT/VF 
23% 
 
Exclusion criteria:  
N/A 

1  ̄endpoint: Risk stratification in ARVC 
genotype positive: sustained VT, SCD/ADA, 
appropriate ICD shock  
Mean followup 7 y 
 
Results:  40% ACE 
9/DΥ ƘƛƎƘ Ǌƛǎƪ җ3 inverted precordial T waves; 
intermediate risk = T wave inversion in leads 
V1, V2 + late depol; low risk = 02 T wave 
inversion without depol changes 
PVC count on holter higher in arrhythmic 
outcomes, p<0.0001 
Event free survival lowest among probands 
p<0.001, and symptomatic patients p<0.001 
Incremental risk: Proband, HR: тΦтΤ җо ¢ ǿŀǾŜ 
inversions, HR: 4.2; male gender, HR: 1.8 

 ARVC desmosomal mutation 
carriers risk stratification:  
 IƛƎƘ ǊƛǎƪΥ 9/D җо ¢ ǿŀǾŜ 

inversions, Holter, proband status 
 LƴŎǊŜŀǎƛƴƎ t±/Ωǎ ƻƴ ƘƻƭǘŜǊ Ŏκǿ 
ŀǊǊƘȅǘƘƳƛŎ ŜǾŜƴǘǎΣ Ҕ тсл t±/Ω 
 ά.ŜƴƛƎƴέ 9/D ŎƻƴŦŜǊǊŜŘ ƭƻǿ 

arrhythmic risk 
 

 Marcus FI, et al. 
JACC 2013 (219) 
 23500315 

Review paper for physicians summarizing 
genetics of ARVC   
 
5 genes: 

 
 
 
 
 
 

Plakophilin- 2            73-78% 

Desmoglein -2               10-13% 

Desmocollin-2                4-6% 

Desmoplakin    3-8% 

Junctional 
plakoglobin     

1-4% 

ARVC: aut dominant, Desmosomes: cardiac, 
skin, hair 
30-50% of patients with ARVC have abnormal 
gene, range 26-58%, highest in clinical familial 
disease.  20-30% family Hx sudden death 
 
Negative geƴŜǘƛŎ ǘŜǎƛƴƎ ґ ƴƻ ŘƛǎŜŀǎŜΣ ŀǎ Ҕ50% 
gene negative to date.  
Abnormal gene = risk, but not disease; 
modified by additional gene modifiers, virus, 
athletics 

 Proband may not benefit from 
gene testing, does not alter therapy.  
 Patients with >1 gene abnormality 
may have more severe course; 
earlier ICD.  
 Benefits genetic testing ARVC: 

understand cause of disease, identify 
family members at risk, family 
planning, limited prognostic 
information. 

https://www.ncbi.nlm.nih.gov/pubmed/?term=23671136
https://www.ncbi.nlm.nih.gov/pubmed/?term=23500315
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Cost ~$5400 PKP2 may require a second mutation to cause 
disease. The second mutation may not be 
tested in relatives, leading to false negative.  
~48% of patients with ARVC have at least 2 
different mutations; these patients have more 
severe disease.  
Truly abnormal gene should not be present in 
>1:400 controls;  
However, 1:200 Finnish have desmosomal 
mutation of ARVC; 6% of Asians carry PKP2 
mutations.   
άǘƘŜ ƛƴǘŜǊǇǊŜǘŀǘƛƻƴ ƻŦ ƎŜƴŜǘƛŎ results for ARVC 
is not an exact science and is more complex 
than for other heart disorders caused by only 
a single gene and for which most patients will 
ƘŀǾŜ ŀƴ ŀōƴƻǊƳŀƭ ƎŜƴŜ ƛŘŜƴǘƛŦƛŜŘέ. 
 

 For gene carriers: Recommend 
cardiac eval beginning at 10-12 y: 
ECG, SAECG, echo, holter, ± CMR 
 Evaluate q 2 y between 10-20 y; 

then every 5 y, may stop at age 50-
60 y.  

 Bhonsale A et al. 
Eur Heart J 2015 
(220) 
 25616645  

Study type:  
Retrospective 
multicenter, Dutch, 
US  
 
Size: 577    

Inclusion criteria: 
Genotype positive 
desmosomal and 
non-desmosomal 
mutations in ARVC.  
PKP2 80%  
 
Males 55%, mean 
age 35±17 y.  541 
presenting alive: 
Presentation SCD= 
6% 
41% probands.  
 
Exclusion criteria:  
non-genotyped 
ARVD 

1  ̄endpoint:  Impact of genotype on clinical 
course in ARVC mutation carriers. Mean 
followup 6±7 y.  
 
Results:  Presentation with SCD were younger 
(median 23 y) than those presenting with VT 
(36 y) (p<0.001).   
Death 2%, transplant 2%; Sustained VT/VF 
30%, LVEF < 55 14%; CHF 5%.  
Compound mutations:  earlier onset of 
symptoms, higher incidence VT/VF. PKP2 least 
ventricular dysfunction, 9%;  
 
Desmoplakin (DSP) mutations had more 
ventricular dysfunction/HF than PKP2 carriers: 
40% ventricular dysfunction; more likely to 
present with SCD (11% of SCD) 
 
Male gender higher arrhythmic outcome, 53% 
vs 29% 

 Among ARVC patients with known 
genotype: specific genotype affects 
clinical course and disease 
expression. 
 Gene specific variation in SCD, LV 

dysfunction, HF. 
 Males worse outcome:  more likely 

to be probands, symptomatic earlier 
and more severe arrhythmic 
expression. 
 Phenotypic variabilityτmodifier 

genes/environmental influences. 

https://www.ncbi.nlm.nih.gov/pubmed/?term=25616645
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 Rigato I et al. Circ 
CV Genetics 2013 
(221) 
 24070718 

Study type: 
Prospective 
Observational    
 
Size:  134   

Inclusion criteria:  
Desmosomal gene 
mutations carriers 
Desmoplakin 39%, 
plakophilin 2 34%, 
desmoglein 2 26%, 
desmocolliln 2 1% 
16% complex 
genotype: 
compound or 
dignenic 
heterozygosity  
 
Exclusion criteria:  
N/A 

1  ̄endpoint:  ARVC gene carriers risk of 
arrhythmic outcome 
 
Results:  Median observation 39 y (22-52) 
16% major arrhythmic events. 
Independent predictors:  
Multiple desmosomal gene mutations HR: 
3.71; 95 CI:1.54ς8.92, p=0.003. 
Male gender HR: 2.76; 95% CI: 1.19ς6.41, 
p=0.02. 

 Multiple DS gene mutation status 
was powerful predictor for major 
arrhythmic events. 
 
 

 Groeneweg JA et 
al. Circ CV Genetics 
2015 (222) 
 25820315 

Study type:   
retrospective 
multicenter, Europe 
and USA 
 
Size:  1001   

Inclusion criteria:  
ARVC patients  
Probands 44%, 
family members 
56%.  
Probands: 416/439 
presented alive (5% 
presented SCD).  
 
Overall 63% 
mutation positive: 
PKP2 46%. 
Family members: 
73% mutation 
carriers.  
 
Exclusion criteria:  
N/A 

1  ̄endpoint: outcomes of ARVC patients 
median followup 7 y 
 
Results:  Sustained VT developed in 72% of 
probands.  
Probands with positive mutations presented 
at younger age. 
Mortality 6%, transplantation 4%, not 
different based on mutation status in 
probands.  
Family members: 1/3 developed ARVC. 
Sustained VT 8%, cardiac mortality 2%. 
 
Mutations in family members modified 
course: 8x increase in VT, increased cardiac 
mortality.  
ICD improved survival in index patients: SCD 
0.6% vs 16% without ICD.  

 ARVC: 10% death/heart 
transplantation during median 
followup 7y. 
 Probands: Mutations altered age of 

disease expression but not 
outcomes. 
 Family members:  mutation 

carriers had more VA and increased 
cardiac mortality.  

https://www.ncbi.nlm.nih.gov/pubmed/?term=24070718
https://www.ncbi.nlm.nih.gov/pubmed/?term=25820315
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 te Riele AS, et al. 
EHJ 2016 (223) 

 26314686 

Study type: 
Multicenter 
retrospective    
 
Size:    274 

Inclusion criteria:  
First degree 
relatives of ARVC 
proband 
46% male, age 
36±19 y 
 
Exclusion criteria: 
N/A  

1  ̄endpoint:  ARVC first degree relatives: risk 
of ARVC dx and outcomes 
Mean followup 6.7±3.7 y 
 
Results:  35% developed ARVC 
Risk of ARVC dx: sibling, HR: 3.11; p<0 .001,  
symptoms, p<0.001, pathogenic mutation 
p<0.001, female, p=0.01. 
8% developed sustained VA: neither 
relatedness to proband nor malignant family 
Hx were predictive of arrhythmic events. 

 ARVC first degree ǊŜƭŀǘƛǾŜǎΩ with 
increased likelihood of dx: 
symptoms, sibling, pathogenic 
mutation, female gender. 
 Malignant family Hx was not 

associated with arrhythmic events 

 Kamath GS, et al., 
HR 2011 (224) 
 20933608 

Study type: 
retrospective single 
center   
 
Size: 87    

Inclusion criteria:  
ARVC probands 
compared with 103 
controls 
 
Mean age 37 y, 54% 
male 
 
Exclusion criteria:  
N/A 

1  ̄endpoint: SAECG abnormalities in ARVC 
!ōƴƻǊƳŀƭΥ Ŧvw{5 җммп ƳǎΣ [!{5 Ҕоу ƳǎΣ 
RMS-40 <20 µV 
 
Results:   
SAECG sensitivity/specificity: 1-criteria 69%/ 
92%; 2-criteria 47%/95%; 3-criteria 33%/100% 

 SAECG: using 1/3 criteria increased 
sensitivity and maintained specificity 
 SAECG correlated with disease 

severity on CMR, but not VT 

 Marcus FI, et al., 
Circ 1982 (225) 
 7053899 

Study type:   Single 
center 
 
Size:    22 

Inclusion criteria:  
22 adults with 
recurrent VT w/ 
LBBB 21/22 
Mean age 39 y, 
Males 2.7:1 
 
Exclusion criteria:  
N/A 

1  ̄endpoint: right ventricular abnormalities in 
ARVC 
 
Results:  inverted T waves right precordium, 
cardiac enlargement, delayed ventricular 
potentials 
RV dysplasiaς inferior, apical or 
diaphragmatic-diagnosed with angiography. 1 
death.  

 Characterize RV pathology in LBBB 
VT 
 Consider dx in patients with VT of 

unknown cause, particularly if LBBB 
pattern 
 

 Corrado D et al. 
JACC 1997 (226) 
 9362410 

Study type: 
retrospective 
multicenter  
 
Size:  42 
   

Inclusion criteria:  
Pathologic dx of 
ARVC at autopsy or 
heart transplant 
Mean age 29.6±18 y 
(9ς65 y) 
 

1  ̄endpoint:  ARVC clinic-pathologic 
manifestations 
 
Results: 80% died suddenly: 47% of SCD died 
during exertion 
SCD first symptom in 35%.        
CHF 24%   

 LV involvement in 76% of ARVC:  
 age dependent, 
 more severe cardiomegaly 
 More CHF 
 Prior syncope in 26% 
 SCD exercise related in 47% 

https://www.ncbi.nlm.nih.gov/pubmed/?term=26314686
https://www.ncbi.nlm.nih.gov/pubmed/?term=20933608
https://www.ncbi.nlm.nih.gov/pubmed/?term=7053899
https://www.ncbi.nlm.nih.gov/pubmed/?term=9362410
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Exclusion criteria: 
N/A  

Syncope 26% 
Exercise related in 64% 
LV fibrofatty involvement 76%  
Isolated RV involvement 24% 

 Link MS ert al. 
JACC 2014 (227) 
 25011714 

Study type:  
Prospective multi-
center  
North American 
ARVC Registry  
 
Size:  137 

Inclusion criteria:  
ARVC patients 
enrolled in registry  
 
79% (108 patients) 
ǊŜŎŜƛǾŜŘ L/5Ωǎ 
 
Mean age 
enrollment 40±14 y. 
Prior symptoms, 
sustained VT or CA 
41% 
 
 
Exclusion criteria:  
N/A 

1  ̄endpoint:  Sustained VA in ARVC during 
followup 3.3±1.7 y 
 
Results: 44% (48 patients) had 502 episodes 
of sustained VT: 97% monomorphic VT. 
Inapprop shocks 17%.  
Independent predictors sust VT: prior 
spontaneous VT, inferior T wave inversion.  
Independent predictor life threatening VT 
(rate җнплbpm or VF): younger age at 
enrollment.  
ATP successfully terminated 92% of VT 
 Patients without ICD implantation: no SCD or 
SVT -followup 2.4 y 

 ARVC predictors of VT: sustained 
VT prior to ICD, inferior T wave 
inversion, younger age at enrollment 
 48% received ICD therapy 
 wecommend programming ATP for 

termination of VT: successful 92% 
 Syncope, family Hx SCD did not 

predict ICD therapy 

 Corrado D et al. 
Circ 2015 (228) 
 26216213 

 

International Task Force 
 
Treatment of ARVC: International Task 
Force Recommendations 

No ŎƻƳǇŜǘƛǘƛǾŜ ƻǊ ŜƴŘǳǊŀƴŎŜ ǎǇƻǊǘǎΤ !!5Ωǎ as 
adjunct in patients w frequent AICD shocks; 
BB for patients with recurrent VT, appropriate 
ICD rx, or ICD therapy for SVT; epicardial 
ablation for patients who fail endocardial 
approach; ICD for patients with hemo 
unstable sustained VT/ VF. 
 
EPS for suspected ARVC; restrict athletics to 
low intensity; BB for all ARVC patients 
irrespective of arrhythmias; cath ablation for 
recurrent VT fail meds other than amio. 
 
Vstim for risk stratification asymptomatic; 
endocardial voltage mapping; restrict comp 
sports in phenotype neg patients; cath 
ablation without ICD for selected patients 

 ICD implantation:  
 Hemodynamically unstable sust VT, 

or VF; severe systolic dysfunction RV 
ƻǊ [±9C Җ ор҈Τ  
 Hemodynamically stable sustained 

VT; unexplained syncope; mod vent 
dysfunction RV EF= 36-40% or LVEF= 
36-45%; or NSVT 
 Minor risk factors 
 Prophylactic ICD in asymptomatic 

patients with no risk factors of 
healthy gene carriers. 

https://www.ncbi.nlm.nih.gov/pubmed/?term=25011714
https://www.ncbi.nlm.nih.gov/pubmed/?term=26216213
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with drug refractory hemo stable single 
morphology VT. 
 
No BB for healthy gene carriers; cath ablation 
as alternative to ICD for prevention of SCD. 

 Corrado D et al. 
Circ 2003 (229) 
 14638546 

Study type:  
multicenter 
retrospective  
 
Size:    132 

Inclusion criteria: 
ARVC patients with 
ICD 
Mean age 40 y 
70% males  
ICD indication: ACA 
10%, sustained VT 
62%, syncope 16%; 
nonsust VT 9%; 
family Hx 3% 
 
83% on AA drugs 
prior to ICD 
 
Exclusion criteria:  
N/A 

1  ̄endpoint:  ARVC appropriate ICD shocks 
Mean followup 39 mo 
 
Results:  Approp shocks 48%, comps 14%, 
inapprop shocks 16% 
84% underwent PES: 69% inducible sust VT: 
neither sensitive nor specific: 51% no appropr 
shock, 54% of non-inducible had approp rx 
Syncope: 21 patients: none died, one 
underwent OHT; 38% approp shocks; 
multivariate analysis p=0.07 for approp shock 
Independent predictors of VF: ACA, VT with 
hemodynamic compromise, younger age, LV 
involvement 

 48% approp ICD shocks 
 Predictors: ACA, unstable VT, 

younger age, lower LVEF  
 PES not predictive of approp shock 
 Syncope not statistically important 

as risk factor in multivariable 
analysis. 
 4 patients implanted due to family 

Hx SCD: no approp shocks  

 Piccini JP et al. 
Heart Rhythm 2005 
(230) 
 16253908 

Study type:   single 
center retrospective 
 
Size: 67     

Inclusion criteria:   
Patients with 
definite or probable 
!w±/ ǿƛǘƘ L/5Ωǎ 
Mean age 36±14 y; 
52% male 
1° prevention 42%, 
2° 58% 
Sustained VT: 52%, 
syncope 36%, ACA 
58/5 
 
 
Exclusion criteria:  
N/A 
 

1  ̄endpoint:  ARVC clinical + EP 
characteristics that predict appropriate ICD 
shocks.  
Mean followup 4.4±2.9 y 
 
Results:  Appropriate shocks in 94% of 2° 
prevention, 39% of 1° prevention (p=0.001), 
overall 66% 
approp shocks:  Definite ARVC: 73%; 
probable:33%  
Overall 21% received shock for life 
threatening VT/VF >240 bpm; no difference in 
1° or 2° prevention patients 
EPS did not predict ICD approp use in patients 
with 1° prevention 
All patients with VF had inducible VT/VF 

 Multivariate predictor approp 
shock: sustained VT/VF, OR:11.4; 
p=0.015;  
 NSVT, OR: 6.29, p=0.051 
 EPS did not predict ICD shocks in 

patients with 1° prevention ICD 
 Further research to identify low 

risk patients who do not need ICD 
placement 
 Syncope not statistically significant 

https://www.ncbi.nlm.nih.gov/pubmed/?term=14638546
https://www.ncbi.nlm.nih.gov/pubmed/?term=16253908
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Syncope: 43% approp shocks, 22% no rx, 
p=0.08  

 Bhonsale A et al. 
JACC 2011 (231) 
 21939834 

Study type: 
Retrospective single 
center   
 
Size:    84 

Inclusion criteria:  
Definite or probable 
ARVC with ICD 
implantation for 1° 
prevention  
63 patients 
genotyped: 43% + 
desmosomal 
mutations 
 
76% symptomatic, 
со҈ Ҕмллл t±/Ωǎ 
on holter 
 
Syncope: 27%  
Exclusion criteria:  
N/A 

1  ̄endpoint:  Incidence and predictors of 
appropriate ICD shocks for ARVC undergoing 
ICD for 1° prevention 
Mean followup 4.7±3.4 y. 
 
Results:  48% approp ICD shocks. 
Predictors: Multivariable analysis: Positive VT 
inducibility at PES, HR: 4.5; 95% CI: 1.4ς15, 
p=0.013), clinical nonsust VT, HR:10.5; 95% CI: 
2.4ς46.2, p=0ΦллнύΤ t±/Ωs >1000/24 h, HR: 
3.48; proband, HR:1.62. 
 
Syncope: approp shocks 9%/y. 25% approp 
shocks, vs 30% no approp shocks  
Recent syncope <6 mo: 63% appropr shocks 
vs 20% remote, p=0.046 

¶  48% ARVC patients undergoing 1° 
prevention ICD received appropr 
shocks 
Approp shocks: proband, inducible at 
EPS, clinical nonsust VT, PVCs 
>1000/24 hrs 
 
 Syncope NS predictor, HR: 0.91 

 
 Non-inducible: 1/20 appropr ICD 

shock 
 
 

 Dalal D et al. JACC 
2007 (232) 
 17662396 

Study type:  
retrospective single 
center  
 
Size: 24     

Inclusion criteria:  
ARVC patients 
undergoing ablation 
at Hopkins.  
 
Mean age 36±9 y, 
46% males 
 
Exclusion criteria:  
N/A 

1  ̄endpoint:  Efficacy of ablation for ARVC. 
Mean followup 32 mo. 
 
Results:  48 procedures. 46% eliminated all 
inducible VT 
Recurrence: overall 85%. One procedural 
death 4%. VT recurrence free survival: 50% at 
5 mos, 25% at 14 mo. Did not vary by 
procedural success, mapping, repeat 
procedures.  

 High rate of recurrent VT after 
ablation for ARVC 
 άŘƛŦŦǳǎŜ ŎŀǊŘƛƻƳȅƻǇŀǘƘȅ ǿƛǘƘ 

eǾƻƭǾƛƴƎ ŜƭŜŎǘǊƛŎŀƭ ǎǳōǎǘǊŀǘŜέ 
 
 

https://www.ncbi.nlm.nih.gov/pubmed/?term=21939834
https://www.ncbi.nlm.nih.gov/pubmed/?term=17662396
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 Garcia FC et al. 
Circ 2009 (233) 
 19620503 

Study type:   
retrospective single 
center 
 
Size:   13 

Inclusion criteria:  
ARVC patients 
undergoing 
epicardial ablation 
after failed 
endocardial 
ablation VT 
 
Exclusion criteria: 
N/A   

1  ̄endpoint:  Endocardial vs epicardial 
ablation in ARVC 
 
Results:  нт ±¢Ωǎ ƛƴ мо patients 
85% epi ablation opposite endocardial 
ablation sites 
77% no VT with 18±13 mo followup 

 Epicardial ablation in ARVC after 
failed endocardial ablation results in 
VT control 
 
 

 Philips B et al. Circ 
AE 2012 (234) 
 22492430 

Study type: 
Retrospective 
multicenter   
 
Size:   87  

Inclusion criteria:  
ARVC patients 
undergoing ablation 
1992-2011 at 80 
centers.  
Mean age 33±11 y, 
53% male 
50% failed 
endocardial 
ablation 
 
Exclusion criteria:   
N/A 

1  ̄endpoint:  ARVC Efficacy of epicardial 
ablation of VT. 
 
Results:  175 ablations in 87 patients: 53% 
repeat procedures. 
27% recurrent VT; VT reduction 
Freedom from VT at 1, 5, 10y: 47%, 21%, 15%.  
Epicardial ablation: freedom from VT at 1, 5 y: 
64%, 45%  
Burden of VT reduced irrespective of ablation 
strategy: p<0.001 
Complications: 2.3% major: death; delayed 
MI/occlusion RCA. Related to pericardial 
access.  

 Epicardial ablation of VT in ARVC 
associated with high recurrence rate, 
but reduces VT burden. 
 Majority of VT circuits were 

epicardial. 
 
 
 

 Bai R, et al. CAE 
2011 (235) 
 21665983 

 
 

Study type:  
Multicenter 
prospective 
 
Size:  49   

Inclusion criteria:  
Consecutive ARVC 
patients undergoing 
ablation 
All sust 
monomorphic VT; 
ŀƭƭ ǿƛǘƘ !L/5Ωǎ 
 
Exclusion criteria:  
N/A 

1  ̄endpoint:  Comparison of outcomes for 
ARVC ablation, endocardial vs endo-
epicardial: non-inducibility of VT with isuprel.  
Followup 3 y 
 
Results: Freedom from VA or ICD therapies:  
Endocardial: 52%, endo-epi 85%, p=0.029 
 

 Combined endocardial-epicardial 
ablation approach in ARVC achieves 
longer term freedom from VA or 
shocks. 

 tŀǘƛŜƴǘǎ ǿƛǘƘ ŦǊŜǉǳŜƴǘ t±/Ωǎ ƳƻǊŜ 
likely to have recurrences 

 Berruezo A et al. 
Circ AE 2012 (236) 
 22205683 

Study type: 
retrospective single 
center  

Inclusion criteria:  
ARVC patients 
undergoing endo + 

1  ̄endpoint:  ARVC patients: recurrence of VT 
after ablation endo + epicardial  
 

 ARVC combined endo + epi 
ablation reveals wider substrate, 
with good short/mid-term success 

https://www.ncbi.nlm.nih.gov/pubmed/?term=19620503
https://www.ncbi.nlm.nih.gov/pubmed/?term=22492430
https://www.ncbi.nlm.nih.gov/pubmed/?term=21665983
https://www.ncbi.nlm.nih.gov/pubmed/?term=22205683
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Size:    11 

epicardial ablation 
of VT 
 
Exclusion criteria:  
N/A 

Results:  ablation eliminated all clinical and 
induced VT 
64% continued on sotalol 
9% VT recurrence with median 11 mo 
followup 

 
 

 Philips B Heart 
Rhythm 2015(237) 
 25530221   

Study type:  
retrospective single 
center  
 
Size:  30   

Inclusion criteria: 
ARVC undergoing 
epicardial ablation 
at tertiary center    
 
Exclusion criteria:  
N/A 

1  ̄endpoint: Safety and efficacy of epicardial 
ablation at tertiary center for ARVC   
 
Results:  VT circuits: 69% on epicardial 
surface, most sub-tricuspid.  VT recurrence: 
27%. 
Reduced VT burden (p<0.001) 
VT free survival at 1,2 y: 76%, 70% 
Complications: 3.3%, pericarditis. Fluoro 82 
min (40-135) 

 Epicardial ablation for VT in ARVC 
safe in tertiary center 
 Freedom from VT 70% at 2 y.  
 Reduces VT burden 

 

 Santangeli P et al. 
Circ AE 2015 (238) 
 26546346 

Study type:  
Retrospective single 
center  
 
Size:    62 

Inclusion criteria:  
ARVC patients 
undergoing ablation 
Endo + epi: 63% 
 
Exclusion criteria: 
N/A  

1  ̄endpoint:  ARVC ablation outcomes, 
followup 56±44 mos 
Epicardial ablation if failed endocardial 
ablation 
 
Results:  VT recurrence: 29%; VT free survival 
71% 
64% on BB or no rx 

 !w±/ ±¢ ŀōƭŀǘƛƻƴ ƻǳǘŎƻƳŜǎ ΨƎƻƻŘΩΤ 
most have VT control 
 
 

 James CA et al. 
JACC 2013 (239) 
 23871885 

Study type:   Single 
center retrospective 
 
Size:  87   

Inclusion criteria:  
ARVC patients 
interviewed about 
exercise from 10 y 
of age. 
Mean age 44±18 y 
 
Exclusion criteria: 
N/A  

1  ̄endpoint:  ARVC exercise and VT/VF 
 
Results:  Endurance athletes developed 
symptoms at younger age (30±13 y) vs 40 y, 
p=0.05;  
Increasing exercise  
Lower lifetime survival free of VT/VF p=0.013 

 Endurance and frequent exercise 
increase the risk of VT/VF, HF in 
ARVC patients. 
 
 

 Sawant AC et al. 
JAHA 2014 (240) 
 25516436 

Study type:   single 
center retrospective 
 
Size:   82  

Inclusion criteria:  
ARVC patients 
interviewed re 
exercise 

1  ̄endpoint: ARVC: exercise and impact on 
desmosomal and gene-elusive patients  
 

 Gene-elusive non-familial ARVC is 
assoc with very high intensity 
exercise 
 Recommend exercise restriction 

 

https://www.ncbi.nlm.nih.gov/pubmed/?term=25530221
https://www.ncbi.nlm.nih.gov/pubmed/?term=26546346
https://www.ncbi.nlm.nih.gov/pubmed/?term=23871885
https://www.ncbi.nlm.nih.gov/pubmed/?term=25516436
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Desmosomal 
mutations: 39 
Gene-elusive 43 
 
Exclusion criteria:  
N/A 

Results:  all gene-elusive patients were 
endurance athletes; more intense exerscie, 
p<0.001 
Family Hx more often neg in gene-elusive 
Gene-elusive patients with most intense 
exercise had younger age at presentation, 
p=0.025, shorter survival free of VEA, p=0.002  

 Ruwald AC et al. 
EHJ 2015 (241) 
 25896080 

Study type: North 
Americal ARVC 
registry, 18 centers 
US, Canada 
 
Size: 108 probands 

Inclusion: ARVC 
Registry probands.  
 
Exclusion criteria:  
Age <12 y; ICD >2 y 
before enrollment; 
unknown exercise 
level before dx 

1  ̄endpoint:  ARVC exercise and VT/VF/SCD 
followup 3 y 
Results:  Patients in competitive sports:  
Younger at age of Dx, 71% inducible VT/VF, 
increased risk death/VT. 

 Competitive sports associated with 
HR: 2.05 for VTA/death and earlier 
presentation of symptoms, c/w 
recreational sports or inactive 

 Sawant AC Heart 
Rhythm 2016 (242) 
 26321091 

Study type:  Single 
center retrospective   
 
Size:  28   

Inclusion criteria:  
ARVC first degree 
relatives of 
probands with PKP2 
mutation, interview 
re exercise since 
age 10 y; exercise 
vs AHA 
recommendations 
to restrict to 390-
650 MET-HR/y 
 
Exclusion criteria: 
N/A  

1  ̄endpoint:  ARVC and outcomes with 
exercise intensity (MET-HR/y) 
 
Results:  After adjusting for age, sex, family;  
participation in endurance athletics, (OR: 7.4, 
p=0.03), higher intensity exercise (OR: 4.2, 
p=0.004) were associated with dx of ARVCD.  
 
CŀƳƛƭȅ ƳŜƳōŜǊǎ ǊŜǎǘǊƛŎǘƛƴƎ ŜȄŜǊŎƛǎŜ ǘƻ Җсрл 
MET-Hr/yr (AHA upper limits) were sig less 
likely to have ARVC dx (OR: 0.07, p=0.002); no 
VT/VF 
 
(AHA/AC Sports Med recommend healthy 
adults participate in minimum, 450-750 MET-
min weekly =390ς650 MET-Hr/y) 

 Recommend restricting unaffected 
desmosomal mutation carriers from 
endurance and high-intensity 
athletics, but not from AHA 
recommended minimum levels of 
exercise for heatlhy adults  
 
 

 Saberniak J et al. 
Eur J Heart F 2014 
(243) 
 25319773 

Study type:   single 
center  
 
Size:    110 

Inclusion criteria:  
ARVC probands and 
mutation positive 
family members 
 

1  ̄endpoint:  ARVC assess exercise ventricular 
function with echo, CMR 
!ǘƘƭŜǘŜΥ ƛƴǘŜƴǎƛǘȅ җс a9¢{Σ ŘǳǊŀǘƛƻƴ җ4 h/wk 
Results:  Function reduced in ŀǘƘƭŜǘŜǎΩ vs non-
athletes by echo and MRI, all p<0.01.  

 ARVC athletes showed reduced 
biventricular function compared with 
non-athletes and mutation-positive 
family members 

https://www.ncbi.nlm.nih.gov/pubmed/?term=25896080
https://www.ncbi.nlm.nih.gov/pubmed/?term=26321091
https://www.ncbi.nlm.nih.gov/pubmed/?term=25319773
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Genotyping in 100 
patients 
75% mutation 
positive, PKP 91%, 
Syncope 44%, ICD 
47% 
 
Exclusion criteria:  
N/A 

METs x min/wk correlated with reduced RV 
and LV function p<0.01 
LVEF by MRI reduced in athletes, index and 
family members 
Exercise induced VA in 37% of patients, more 
likely in athletes p<0.001 and in those w 
increased ŘǳǊŀǘƛƻƴ ŜȄŜǊŎƛǎŜ җ2.5 h/wk x 6 y 
 

 Amount and intensity of exercise 
was assoc with impaired LV and RV 
function 
 Exercise aggravates, accelerates 

myocardial dysfunction in ARVC 

 Sen-Chowdry S et 
al. JACC 2008 (244) 
 19095136 

Study type:  
observational 
cohort  
 
Size:    42 

Inclusion criteria:  
ARVC patients w 
clinical suggestion 
of LV involvement: 
one or more: RBBB 
morphology 
arrhythmia, isolated 
(infero) lateral T 
wave inversion, 
proven family dx LV 
ARVC or idiopathic 
myocardial fibrosis 
 
Clinical eval: 
includes CMR (41 
patients): 
consensus >2 
readers; echo, 
holter, exercise 
test, mutation 
screening 
 
Exclusion criteria:  
HCM, ischemia, 
other structural 
heart/lung/systemic 
disease 

1  ̄endpoint:  ARVC presenting as LV 
dominant arrhythmogenic cardiomyopathy 
(LDAC): CMR & clinical 
 
Results:  Desmosomal mutations present in 
45% of probands, 33% of families 
Arrhythmia of RBBB morphology exceeding 
degree of ventricular dysfunction 
distinguished ARVC from dilated 
cardiomyopathy 
 
CMR: 88% RV segmental dil and/or wall 
motion abnormality; 27% low RVEF; LV 
involvement 34% dilation or decreased EF. 
 
LV late gadolinium enhancement 
Inflammatory myocarditis on genetic basis: 
мл҈ ǇǊƛƻǊ άƳȅƻŎŀǊŘƛǘƛǎέ 

 LV dominant ARVC subtype under-
recognized  
 Unexplained T wave inversion V5, 

V6± V4, I, aVL 
 VT of RBBB morphology, 
 LV aneurysms 
 LV dilation and/or systolic 

impairment with arrhythmic 
presentation 
 Extensive LGE of LV myocardium 
 άƛƴŦƭŀƳƳŀǘƻǊȅ ƳȅƻŎŀǊŘƛǘƛǎ ǇŀǊǘ ƻŦ 

nat Hx ƻŦ !w±/έ 

https://www.ncbi.nlm.nih.gov/pubmed/?term=19095136
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 Vermes E et al. 
JACC CV Imaging 
2011 (245) 
 21414577 

Study type:   
retrospective 
cohort, single 
center 
 
Size:   294  

Inclusion criteria:   
Patients referred 
for ARVC evaluation 
by CMR 2005ς2010 
 
Exclusion criteria: 
N/A  

1  ̄endpoint:  Compare ARVC CMR criteria 
from 1994ς2010; also, assessed 134 patients 
with full diagnostic evaluation for ARVC  
 
Results:  original CMR criteria: 23.5% major; 
using 2010: 6.5% major 
Of 69 patients with major criteria 1994, only 
23% had major criteria 2010 
Of 172 with minor---only 1.1% minor criteria 
2010 
 
Also, assessed 10 patients with proven ARVC 
on complete evaluation:  
4/10 met major criteria, none met minor  
Specificity for major/minor criteria: 1994-
78/39%; 2010: 94/96% 
 

 2010 criteria reduced major + 
minor CMR criteria: from 23.5% to 
6.5% 
 
 new TFC for CMR improved 

specificity, but may have reduced 
sensitivity 

 te Riele AS et al. 
JCE 2013(246) 
 23889974 

Study type:  
multicenter 
retrospective: 
international 
registry ARVC 
 
Size:    80 

Inclusion criteria:  
ARVC mutation 
positive patients 
undergoing CMR, 
EPS. 
CMR 74, EPS in 11 
patients 
PKP2 83% 
 
Exclusion criteria: 
N/A  

1  ̄endpoint:  ARVC electro-anatomical 
correlates CMR, EPS 
Mean followup 6 y 
 
Results:  CMR: abnl RV 96%, biventricular: 
52%, LV only: 4%. 
 
ACE 41%: VT 67%, approp ICD shock 23%, ACA 
10%.  
Arrhythmia free survival lower in patients 
with more abnormal RV segments 
24 patients with advanced structural 
abnormalities: 1,5, 10 y arrhythmia free 
survival= 57%, 42%, 35% 
EPS: scar more extensive in epicardium vs 
endocardium, p<0.0001; scar map correlated 
with CMR locations:  
RV epicardial scar subtricuspid 100%, RV basal 
anterior wall 64% 

 CMR: basal inferior (94%) and basal 
anterior RV (87%) and posterolateral 
LV involvement (80% subepicardial 
fat infiltration). 
 RV apex involved only in advanced 

disease. 
 Epicardial delayed activation 

particularly in perivalvar RV area and 
LV posterolat wall. 
 RVOT involved late in disease. 

https://www.ncbi.nlm.nih.gov/pubmed/?term=21414577
https://www.ncbi.nlm.nih.gov/pubmed/?term=23889974
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Ablation successful in 18/19 VT: 84% were 
from RV; no VT from RV apex 

 te Riele AS et al. 
JACC 2013 (247) 
 23810894 

Study type: 
prospective registry 
based  
 
Size:  69   

Inclusion criteria:  
ARVC mutation 
carriers without 
sustained VA 
 
78%: first degree 
relatives  
83% PKP2 
mutations 
 
Mean age 27±15 y 
 
Exclusion criteria:  
ARVC with prior 
sustained VA 

1  ̄endpoint:  ARVC mutation carriers 
undergoing risk stratification: incremental 
value of ECG, Holter, CMR. 
 Mean followup 6 y 
 
Results:  78% holter; ECG, CMR in all 
68% asymptomatic at presentation 
Abnormal ECG: 57%, abnormal Holter 26% 
όt±/Ωǎ Ҕ500/24 h, or nonsust VT >100 bpm 
Abnormal CMR 30% patients with abnormal 
ECG/Holter: 48% had abnormal CMR, vs 4% in 
patients with normal ECG/Holter, p<0.0001 
Only 1 pt with normal ECG/holter had 
abnormal CMR. 
Development of sust VA: 16% mean time to 
arrhythmia 4.5 y 
All patients with sust VA presented with 
electrical abnormalities; all had abnormal 
CMR. 
  
 Patients with both electrical and CMR 
abnormalities: higher VA, p <0.0001: 
arrhythmia free survival at 1,5,10 y: 89%, 54%, 
36%.  
 

 Presence of mutation alone did not 
confer arrhythmia risk.  
 ECG & holter abnormalities 

preceded detectable CMR 
abnormalities in ARVC mutation 
carriers 
 ECG PLUS CMR abnormalities 

identify high risk group; 
? ICD for 1° prevention 
 ά9Ǿŀƭǳŀǘƛƻƴ ƻŦ ŎŀǊŘƛŀŎ ǎǘǊǳŎǘǳǊŜ 

and function using CMR is probably 
not necessary in the absence of 
ōŀǎŜƭƛƴŜ ŜƭŜŎǘǊƛŎŀƭ ŀōƴƻǊƳŀƭƛǘƛŜǎέ 
 

 Liu T et al. J 
Cardiovasc magn 
Reson 2014 (248) 
 24996808 

Study type: 
retrospective cohort   
 
Size:    968 
 

Inclusion criteria: 
patients referred 
1995-2010 for CMR 
with clinical 
suspicion of ARVC   
If quantitative RV 
measures not avail, 
repeat CMR 
performed 
Mean age 42 y 

1  ̄endpoint:  ARVC: effect of revised TFC on 
CMR criteria vs 1994 criteria. 
 
Results:  2010 criteria reduced no. of total 
patients meeting diagnostic CMR criteria from 
~23% to 2.6%: 2.2% met major criteria, 0.4% 
met minor 
CMR identified alternatic dx in 9.2% of 
patientsΣ ŀƴŘ пΦп҈ ƻŦ ŘȄ ǿŜǊŜ άǇƻǘŜƴǘƛŀƭ 

 2010 criteria reduced number of 
total patients meeting diagnostic 
CMR criteria 
 Only 2.6% met diagnostic criteria 

on CMR 
 More objective, quantified criteria 

in ARVC dx by CMR 

https://www.ncbi.nlm.nih.gov/pubmed/?term=23810894
https://www.ncbi.nlm.nih.gov/pubmed/?term=24996808
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Males 52% 
Exclusion criteria:  
N/A 

ƳƛƳƛŎǎέ ŀŦ !w±/-sarcoidosis, other 
cardiomyopathies. 
 

 Marcus FI et al. 
Circ 2010 (249) 
 20172911 

 

Modifications of Task Force criteria for 
ARVC 
 
  

1  ̄endpoint: Quantification, specificity of 
ARVC diagnostic criteria. 
 
Structural, ECG, arrhythmic and genetic 
features as major and minor, with 
quantitative criteria. 
 
SAECG: fQRS Ŧvw{5 Ҕммп ƳǎΣ [!{5 җоу ƳǎΣ 
RMS-пл Җнл ҡ±Σ ǘŜǊƳƛƴŀƭ ŀŎǘƛǾŀǘƛƻƴ duration 
vw{ җрр Ƴǎ ±мΣнΣ ƻǊ о 
See major criteria at right 
Dx: 2 major, or 1 major plus 2 minor, or 4 
minor from different groups 
 
RV fat not part of CMR criteria 
 
Added mutation status in proband 
 

 Major criteria 
 Dysfunction: echo, MRI, angio 

regional dyskinesia, akinesia, 
dyssynchrony AND dilation; echo FAC 
Җоо҈Σ  
 /aw w±9C Җпл҈Τ w±95±L җмллς

110 ml/m2 (Female/male); localized 
RV aneurysms or severe segmental 
dilatiom 
 Tissue bx: residual myocytes 

<60%  ECG Repol: age >14 y: Twave 
inversion V1, V2, and V3; 
 Depolarization: epsilon V1-3; 
 Arrhythmia: nonsust/sust VT of 

LBBB, superior axis 
 Family hx: ARVC confirmed in first 

degree relative by TFC, surgery or 
autopsy; or pathogenic mutation in 
proband 

 Corrado D et al. 
Circ 2010 
 20823389 

Study type:   
Multicenter 
retrospective  
 
Size:    106 
 

Inclusion criteria:  
consecutive ARVC 
patients with ICD 
implanted for 1° 
prevention 
Mean age 36 y 
Males 67% 
Syncope 39% 
NSVT 53%, family 
Hx SCD 46% 
 
Exclusion criteria:  
Prior sust VT/VF 

1  ̄endpoint:  ARVC appropr ICD shocks in 1° 
prevention 
Mean followup 58 mo 
 
Results:  approp shocks: 24%; inapprop 
shocks 19%; comps 17%  
PES: performed in 60% of patients: 40 
patients (60%) inducible. 65% did not receive 
approp therapy; of non-inducible 30% 
received approp rx. PES PPV 35%, neg PV 70% 
Syncope: 43% approp shocks, 4 had recurrent 
syncope without arrhythmia 

 Overall group had high arrhythmic 
risk: 
  
 Univariate analysis: approp shocks: 
younger, syncope, NSVT, LV 
dysfunction 
 
 Multivar analysis: syncope only 

predictor, HR: 3.16, p=0.005 
 
 No pt with ICD implanted for 

family Hx only had appropriate 
shocks 

 Marcus GM et al. 
JACC 2009 

Study type:   
Retrospective multi-

Inclusion criteria:  
ARVC patients in 

1  ̄endpoint:  Suppression of VEA on AA meds 
in ARVC 

 Overall BB not associated with 
increase or decrease in VEA;  

https://www.ncbi.nlm.nih.gov/pubmed/?term=20172911
https://www.ncbi.nlm.nih.gov/pubmed/?term=20823389
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 19660690 center North 
American ARVC 
Registry 
 
Size:    95 

Registry treatment 
with ICD and AA 
drugs 
 
Exclusion criteria:  
N/A 

 
Results:   
BB: used in 61%, (58 patients): no increase or 
decrease in VEA; atenolol (20 patients) assoc 
with decreased risk VEA, HR: 0.25; 95% CI: 
0.08ς0.80, p=0.018. 
Sotalol 38 patients: increased risk ICD shock; 
in high dose 320 mg (6 patients) VEA HR: 14.0; 
95%CI: 1.6ς125, p=0.018. 
Amio (10 patients) lower risk VEA, HR: 0.25; 
95% CI: 0.07ς0.95. 

Atenolol associated with decreased 
risk VEA 
 

 Sotalol increased risk ICD shock 
Amio lower risk VEA  

 IŜǊǎƘōŜǊƎŜǊ w9 W 
Card Fail 2009 (250) 
 19254666 

 
 

 Genetic evaluation of Cardiomyopathy  
 
 

Guideline restricts the indication for genetic 
testing to that of facilitation of family 
screening and management. Ie, Testing is 
used for risk stratification of family members 
who have little or no clinical evidence of 
disease. Recommendations:  
 
Careful family Hx ŦƻǊ җо ƎŜƴŜǊŀǘƛƻƴǎΣ ŦƻǊ ŀƭƭ 
patients.  
 
Clinical screening recommended at intervals 
for asymptomatic at-risk relatives who are 
mutation carriers;  
 
Clinical screening for asymptomatic first 
degree relatives when genetic testing has not 
been performed/or mutation not identified.  
 
Genetic screening for Fabry disease in all men 
w unexplained cardiac disease.  
 
Referral to centers expert in genetic 
evaluation and family based management. 
 

 Details of clinical screening & 
intervals given:  
 SAECG in ARVC only 
 CMR in ARVC 

 
 Childhood: screening intervals 

specified relative to ages and 
mutation status 
 
 Especially LMNA mutations 

https://www.ncbi.nlm.nih.gov/pubmed/19660690
https://www.ncbi.nlm.nih.gov/pubmed/?term=19254666
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Genetic testing for the one most clearly 
affected person in a family to facilitate family 
screening and management.  
 
ICD may be considered before the LVEF falls 
below 35% in patients with CM and significant 
arrhythmia or known risk of arrhythmia.  

 Marcus FI et al. HR 
2009 
 19560088 

Study type:  
Multicenter 
retrospective   
 
Size:   108   
 

Inclusion criteria:  
North American 
ARVC/D Registry 
probands 
57% male 
Mean age at dx 38 
y 
34% competitive 
athletes 
Symptoms: ~ all 
Syncope 21% 
VA 70%  
Sustained VT 35% 
Genotype: 100 
patients: 33% 
positive: PKP2 
present in 22% 
 
 
Exclusion criteria:  
N/A 

1  ̄endpoint:  Study ARVC clinical eval and 
diagnostic utility of 7 tests: ECG, SAECG, 
holter, echo, MRI, RV angio, biopsy in 108 
probands referred to core center. Followup 
mean 27 mo.  
 
Results: 78% of probands classified as 
affected after evaluation 
Biopsy performed in 59%: should not target 
septum but should target RV free wall; 
sarcoidosis found in 3 patients 
 15% viral infection: Parvovirus 4; enterovirus 
not found:  ARVC may predispose to viral 
myocarditis and accelerate disease 
progression 
 
Among 86 patients referred with diagnosis, 
23% did not meet TFC, reclassified as 
borderline, or not ARVC (2 patients)-mainly 
due to CMR interpretation at referring vs core 
lab-only 63% confirmed 

 Biopsy and CMR least helpful 
 Diagnostic eval favors: ECG, SAECG, 

echo, RV angio 
 Recommend minimum diagnostic 

eval:  
ECG, SAECG, Holter, echo, RV angio 
 
Diagnostic performance of CMR and 
biopsy was less than with other tests 
 
 

 Choudhary N et al. 
JCE 2016 
 26840461 

Study type:   
Multicenter  
Size:    125 
 

Inclusion criteria:  
ARVC probands in 
North American 
ARVC Registry 
Males 56% 
109 genotype 
testing 
Exclusion criteria: 
N/A  

 1  ̄endpoint:  Presentation, outcomes ARVC 
by gender 
Mean followup 37 mo 
 
Results: !/9 ƳƻǊŜ ƭƛƪŜƭȅ ƛƴ άŀŦŦŜŎǘŜŘέ Ǿǎ 
άōƻǊŘŜǊƭƛƴŜέ  
 ICD VT/VF or SCD: no difference 
Fast VT/VF or death in women trend to lower 
risk, HR: 0.41 

 No major gender differences in 
outcomes  
 Women highest risk age: 31-40 y 
 !w±/ ŦŜƳŀƭŜǎΥ ƛƴŎǊŜŀǎŜŘ t±/Ωǎ ƻƴ 

Holter, 2200 vs 1089, p=0.016 
 SAECG: ACE in females-equal in 

patients w or w/out abnl SAEC 
 In males, ACE more likely if abnl 

SAECG 

https://www.ncbi.nlm.nih.gov/pubmed/?term=19560088
https://www.ncbi.nlm.nih.gov/pubmed/?term=26840461
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Males: Increase in Abnormal SAECG 81% vs 
48%, p<0.001, inducible VT/VF 60% vs 40%, 
p=0.026 
 
Overall VT/VF shocks: 27% women, 41% men 
Genotype positive: 38%, of positive: PKP-2 
71%; genotype = gender 
 җн ƳǳǘŀǘƛƻƴǎΥ   у҈ 
 

 cardiac events not different in 
genotype positive vs negative 

 Saguner AM AJC 
2013 
 23103200 

Study type: 
Prospective single 
center    
 
Size: 62    
  

Inclusion criteria:  
ARVC patients 
undergoing EPS    
NOTE prior to 
study 
39% had clinical 
hemodynamically 
compromised VT 
or VF; 32% sust VT 
stable; 50% 
syncope; 
NYHA Class II-III 
31%;  
LVEF <50% in 24% 
RV FAC <33% in 
48% 
Exclusion criteria: 
N/A  

1  ̄endpoint:  ARVC utility of V-stim to predict 
outcomes: positive EP = sustained 
monomorphic VT only, triple VEST, =/- isuprel 
Results:  55% sustained monomorphic VT 
inducible at PES correlated with increased risk 
adverse outcome 
 
Inducibility of sust monomorphic VT (HR: 
2.52; 95% CI:1.03ς6.16, p=0.043) and 
nonadherence to meds and activity 
restrictions (HR: 2.34; 95% CI: 1.1ς4.99, 
p=0.028) 
PPV 65%, NPV 71% 
Anti-tach pacing successfully terminated VT > 
90% of cases 

 study included symptomatic 
patients with clinical VT/VF/syncope 
and ventricular dysfunction 
 
 Cannot identify how many patients 

were asymptomatic with normal 
ventricular function 

 
  

https://www.ncbi.nlm.nih.gov/pubmed/?term=23103200
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Data Supplement 31. Nonrandomized Trials, Observational Studies, and/or Registries of Hypertrophic Cardiomyopathy ς (Section 7.4) 
Study Acronym; 

Author; 
Year Published 

Study Type/Design; 
Study Size 

Patient Population 1° Endpoint and Results 
(P values; OR or RR;   

& 95% CI) 

Summary/Conclusion 
Comment(s) 

 Maron et al. 2000 
(251) 

 10666426 
 

Study type:  Retrospective, 
multicenter, observational  
 
Size:    128 patients 

Inclusion criteria: HCM 
patients at high risk for 
SCD treated with ICD  
 
Exclusion criteria:  
Inadequate data 

1  ̄endpoint:  ICD shock 
from VT or VF 
 
Results:  At 3.1 y follow up, 
the ICD delivered 
appropriate therapy in 23% 
of patients (7%/y). 25% of 
patients had an 
inappropriate shock. 
Therapy for 1° prevention 
patients was 5%/y; and for 
2° prevention 11%/y. 

 VT or VF are the principal 
mechanisms of SCD in HCM 

 ICDs are highly effective in high risk 
patients 
 

 Christiaans et al. 
2009 (252) 

 19533783 

Study type: observational, 
single center 
 
Size: 143 patients 

Inclusion criteria:  
Predictively tested HCM 
mutation carriers 
followed by 
questionnaire 
 
Exclusion criteria: 
inadequate data 

1  ̄endpoint: satisfaction 
with genetic counseling 
 
Results: Genetic counseling 
was valued positively and 
only 4 carriers would rather 
not have known that they 
were a mutation carrier. 

 The majority of genetic carriers of 
HCM gene(s) were satisfied with 
genetic counseling 

 Receiving information by mail was 
satisfactory 
 

 Hamang et al 2012 
(253) 

 21773878 
 

Study type: Prospective, 
multi-center observational 
study 
 
Size:  126 patients 

Inclusion criteria: 
Norwegian patients 
with a clinical diagnosis 
or genetic risk of HCM 
attending genetic 
counseling 
 
Exclusion criteria: 
inadequate data 

1  ̄endpoint:  Development 
of heart-focused anxiety 
 
Results:  1 y of follow-up 
questionnaires after genetic 
counseling.  Patients with a 
clinical diagnosis of HCM 
compared to genetic risk 
had higher avoidance 
(p<0.002), attention 
(p<0.005) and fear 
(p<0.007). 

 Patients with a clinical diagnosis of 
HCM receiving genetic counseling 
continue to experience anxiety. 
 Patients with a genetic risk for HCM 

had less anxiety if they experienced 
satisfaction with genetic counseling 

https://www.ncbi.nlm.nih.gov/pubmed/?term=10666426
https://www.ncbi.nlm.nih.gov/pubmed/?term=19533783
https://www.ncbi.nlm.nih.gov/pubmed/?term=21773878
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Bos JM et al 
2014 (254) 

 24793961 

 
 

Study type: Single center, 
observational data registry 
 
Size:  1053 patients 

Inclusion criteria: 
Established clinical HCM 
diagnosis 
 
Exclusion criteria:  
Inadequate data 

1  ̄endpoint:  Genetic 
testing for HCM 
 
Results:  1053 patients with 
clinical HCM (mean age 
44.4±19 y) had genetic 
testing evaluating 9 HCM-
associated myofilament 
genes.  34% were positive or 
a HCM mutation. . 

 Predictors of a positive genetic test 
were reverse curve morphological 
subtype, age <45 y, LV wall thickness 
җ20 mm, family history of HCM, and 
family history of SCD. Hypertension 
was not predictive. 
 A positive genetic test was predicted 

in 6% of patients with only 
hypertension and 80% with all 5 
predictor markers. 

 hΩaŀƘƻƴȅ Ŝǘ ŀƭΦ 
2014 (255) 
 24126876 

 

Study type: Prognostic 
model derived from a 
retrospective, multicenter 
longitudinal cohort study 
Clinical risk prediction 
model for SCD in HCM  
 
Size:  3,675 patients 

Inclusion criteria: HCM 
patients 
 
Exclusion criteria:  
inadequate data 

1  ̄endpoint:  SCD or 
appropriate ICD shock 
 
Results:  Median follow-up 
5.7 y; 5% of patients had 
SCD/ICD shock. 8 pre-
specified predictors were 
associated with SCD/ICD 
shock at 15% significance 
level. Model developed to 
estimate probability of SCD 
at 5 y.  For every 16 ICDs 
implanted in patients with a 
җп҈ р-y SCD risk, potentially 
1 pt will be saved. 

 Risk modifiers for SCD used in the 
model were age, maximal LV wall 
thickness, left atrial diameter, LV 
outflow tract gradient, family Hx of 
SCD, non-sustained VT, and 
unexplained syncope 
 This is the first validated SCD risk 

prediction model for patients with 
HCM and provides accurate 
individualized estimates for the 
probability of SCD using clinical 
parameters. 

 Elliott et al. 1999 
(256) 
 10334430 

 

Study type: single center, 
observational 
Survival after SCD or 
sustained VT in HCM: 
treated with amiodarone 
or ICD 
 
Size:  16 patients 

Inclusion criteria: HCM 
patients surviving 
resuscitated VF or 
syncopal sustained VT 
 
Exclusion criteria:  
inadequate data 

1  ̄endpoint:  Survival free 
from SCD or appropriate ICD 
shock 
 
Results:  8 patients on 
amiodarone and 6 received 
an ICD. Mean follow-up 
6.1±4 y 2 patients on 
amiodarone with SCD and 3 
patients had appropriate 
ICD shock. 

 ICD therapy was better than 
amiodarone at preventing recurrent 
SCD 
 Small numbers and purely 

observational without controls 
reported. 

https://www.ncbi.nlm.nih.gov/pubmed/?term=24793961
http://www.ncbi.nlm.nih.gov/pubmed/24126876
http://www.ncbi.nlm.nih.gov/pubmed/10334430


147 
 
© 2017 by the American College of Cardiology Foundation, American Heart Association, Inc., and Heart Rhythm Society 

 Maron et al. 2007 
(257) 
 17652294 

 
 

Study type:   
Retrospective, multicenter, 
registry 
ICD to prevent SCD in HCM 
Size:   506 patients  

Inclusion criteria:  HCM 
patients at high risk for 
SCD treated with ICD 
 
Exclusion criteria:  
Inadequate data 

1  ̄endpoint:  ICD shock 
from VT or VF 
 
Results:  20% had 
appropriate treatment of 
VT/VF: 10.6% per y for 2° 
prevention and 3.6%/y for 
1° prevention.  Time to 1st 
appropriate shock was 10 y. 
Appropriate discharge was 
similar in patients with 1, 2, 
or 3 risk factors (p=0.77) 

 ICDs are highly effective in high risk 
patients 
 One death due to VT/VF when ICD 

failed to function 
 Inappropriate shocks in 27% of 

patients 
 A single modifier of high risk for SCD 

may be sufficient to justify ICD 
placement 

 Lin G et al. 2009 
(258) 
 19282314 

 
 

Study type:  Retrospective, 
single center, registry  
Complications and 
inappropriate ICD shocks 
in HCM patients 
 
Size:  181 patients  

Inclusion criteria:  
Patients with HCM 
receiving ICD  
 
Exclusion criteria:  
Inadequate data 

1  ̄endpoint:  Inappropriate 
shocks and device 
complications 
 
Results:  Mean follow up 
4.92 y. 36% of patients had 
complications and 23% 
inappropriate shocks (5.3% 
per y). Appropriate shocks 
4%/y. 

 Inappropriate shocks and device 
complications are significant in HCM 
patients receiving an ICD 
 Younger patients and those with AF 

more likely to have problems 

 Syska et al. 2010 
(259) 
 20132378 

 
 

Study type: Retrospective, 
observational, single 
center   
Efficacy and complications 
of ICD therapy in HCM 
 
Size:  104 patients 

Inclusion criteria: HCM 
patients at high risk for 
VT/VF treated with ICD  
 
Exclusion criteria: 
Inadequate data  

1  ̄endpoint:  ICD therapy 
and relation to clinical risk 
profile 
 
Results:  Average follow up 
4.6 y. 53.8% of 2° 
prevention patients 
received an appropriate 
therapy and 16.7% of 1° 
prevention patients. 
Complications: 
inappropriate shocks 
(33.7%), lead dysfunction 
(12.5%), and infections 
(4.8%). 

 ICD therapy is effective in HCM, 
although the complication rate is 
significant. 
 1, 2, or more risk modifiers did not 

predict appropriate ICD therapies 
 

http://www.ncbi.nlm.nih.gov/pubmed/?term=17652294
http://www.ncbi.nlm.nih.gov/pubmed/?term=19282314
http://www.ncbi.nlm.nih.gov/pubmed/?term=20132378
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 hΩaŀƘƻƴȅ Ŝǘ ŀƭΦ 
2012 (260) 
 21757459 

 
 

Study type:   
Retrospective, 
observational, single 
center, cohort  
Efficacy and complications 
of ICD therapy in HCM 
 
Size:  334 patients 

Inclusion criteria: HCM 
patients at high risk for 
VT/VF treated with ICD   
 
Exclusion criteria:  
Inadequate data 

1  ̄endpoint:  ICD therapy 
and complications 
 
Results:  8% of patients 
received appropriate shocks 
(2.3%/y).  16% of patients 
received inappropriate 
shocks (4.6%/y). 18% had 
implant complications 
(5.1%/y) and 30% had 
inappropriate shocks 
(8.6%/y). 

 HCM patients with an ICD are 
exposed to frequent inappropriate 
shocks and implant complications  
 

 Melacini et al. 2007 
(261) 
 17502652 

 
 

Study type: Retrospective, 
single center, 
observational   
Pharmacological treatment 
to prevent SCD in HCM 
 
Size:  173 patients 

Inclusion criteria:  HCM 
patients on AAD 
 
Exclusion criteria:  
Inadequate data 

1  ̄endpoint:  Risk of sudden 
death 
 
Results:  10% of patients 
had SCD over an average of 
62 mo: 20% on amiodarone 
(6/30), 9% on verapamil 
(4/46) and BB (7/76), and 
0% on sotalol (0/21) 

 Medical treatment is not absolutely 
protective against risk of SCD in HCM. 
 

 McKenna et al. 1985 
(262) 
 4039188 

 

Study type: single center, 
observational 
Improved survival with 
amiodarone in HCM and 
VT 
 
Size:  86 patients 

Inclusion criteria:  HCM 
patients with NSVT on 
Holter 
 
Exclusion criteria:  
inadequate data 

1  ̄endpoint:  SCD, recurrent 
VT 
 
Results: 24 patients during 
1976-1977 had NSVT and 
received conventional AAD: 
7 patients had SCD during 3 
y follow-up. 21 patients 
from 1978-1979 with NSVT 
received amiodarone: no 
SCD on amiodarone during 3 
y follow-up. 

 Amiodarone was better than 
conventional medications for 
preventing SCD.   
 
Study design was purely observational 
 

 Olivotto et al.1999 
(263) 
 10362212 

 

Study type:  Prospective, 
single center observational  
 

Inclusion criteria:  
Patients with HCM who 
underwent exercise 
testing  

1  ̄endpoint: Mortality  
 
Results:  22% had an 
abnormal BP response (9 

 An abnormal BP response during 
exercise in HCM was associated with 
CV mortality 

http://www.ncbi.nlm.nih.gov/pubmed/?term=21757459
http://www.ncbi.nlm.nih.gov/pubmed/?term=17502652
http://www.ncbi.nlm.nih.gov/pubmed/4039188
http://www.ncbi.nlm.nih.gov/pubmed/?term=10362212



























































































































































































































































































































































