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SUPPLEMENTAL METHODS 

 

Study Design 

PAREPET was approved by the Institutional Review Boards of the University at Buffalo and the 

Veterans Affairs Western New York Healthcare System at Buffalo.  Recruitment began on September 14, 

2004 and ended on April 21, 2009, with follow-up completed on November 30, 2011.  Informed consent 

was obtained from 257 subjects, with 37 subsequently deemed to be ineligible (usually due to non-

ischemic etiology) and 16 subjects requested withdrawal before non-invasive testing (usually at the 

request of the family).  Thus, the final study population consisted of 204 subjects with ischemic 

cardiomyopathy who were considered eligible to receive an ICD for the primary prevention of arrhythmic 

death (pre-enrollment LVEF ≤35% for New York Heart Association functional Class II or III and ≤30% 

for New York Heart Association functional Class I).  Subjects had stable ischemic heart disease and heart 

failure on optimal medical therapy and were not considered candidates for coronary revascularization at 

the time of enrollment.  Exclusion criteria included an ICD indication for secondary prevention of cardiac 

arrest (resuscitated cardiac arrest, sustained VT, or unexplained syncope), previous ICD discharge, recent 

myocardial infarction (<30 days), percutaneous coronary intervention (<3 months), or coronary artery 

bypass grafting (<1 year)(1).    

Echocardiography and Positron Emission Tomography 

Two-dimensional transthoracic echocardiography was performed on the day of PET imaging.  

Echocardiograms were obtained with a 2.25 MHz phased-array transducer with harmonic imaging 

(SONOS 7500, Philips Medical Inc.), as previously described(1,2).  An echocardiographer blinded to 

events quantified cardiac volumes, EF, and mitral regurgitation as recommended by the American Society 

of Echocardiography(3).   

PET imaging was performed on a CTI ECAT EXACT HR+ PET scanner with a 15.5 cm axial 

field-of-view and a resolution of ~5.4 mm
3
 full-width-at-half-maximum at 10 cm, as previously 

described(1,2).  Sympathetic nerve norepinephrine uptake was assessed with 
11

C-HED [20 mCi (740 
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MBq)], resting myocardial perfusion was determined with 
13

N-ammonia [
13

NH3, 20 mCi (740 MBq)], and 

metabolic viability was quantified with 
18

F-2-deoxyglucose [
18

FDG ; 6.5 mCi (241 MBq)] during a 

hyperinsulinemic-euglycemic clamp(2).  All isotopes were produced at the University at Buffalo 

Cyclotron Facility, as previously described(1,4).  Attenuation correction of all emission data was 

performed with a transmission scan using a 
68

Ge rod source(1,2).  

Some subjects could not complete PET scanning due to claustrophobia/anxiety (n=6), extreme 

truncal obesity (n=2), or severe back pain (n=1).  In the remaining 195 subjects, technical problems 

(usually failed radiotracer synthesis) precluded 10 scans (
11

C-HED - n=4, 
13

NH3 - n=2, 
18

FDG - n=4), and 

an additional 11 scans were of inadequate quality to be quantified (
11

C-HED - n=3, 
13

NH3 - n=1, 
18

FDG - 

n=7).  Thus, 564 of the planned 585 PET images (96%) were completed and quantifiable, with 176 

subjects (90%) having complete PET data.  The results of the non-invasive studies, including PET 

imaging, were not provided for patient management. 

Quantitative PET Image Analysis 

PET image analysis was performed with FlowQuant® software (Ottawa Heart Institute)(2,5,6), 

by a reviewer blinded to all clinical data.  Images were reconstructed with a zoom of 2, a Hann filter with 

cutoff frequency of 0.3 cycles/pixel, and correction for radionuclide decay.  Late uptake images were used 

to define the three-dimensional shape of the LV with combined cylindrical and hemispherical (bottle-

brush) sampling(7).   

Myocardial tracer uptake was quantified from four frames of each imaging set; from 20-60 

minutes after administration of 
11

C-HED, 3-19 minutes after administration of 
13

NH3, and 20-40 minutes 

after administration of 
18

FDG.  Tracer activity in each of 496 sectors was expressed as a percentage of the 

highest 5% of sectors per subject(7).  Normal 
11

C-HED uptake was considered ≥75% of peak, and normal 

13
NH3  and 

18
FDG uptake were ≥80%  of peak(1,5,8).  All PET parameters were quantified as the sum of 

the percentages of all sectors, expressed as % of the LV.  Denervated myocardium was determined from 

the sectors with reduced 
11

C-HED uptake.  Infarcted myocardium and hibernating myocardium were 

quantified from a mismatch analysis between the 
13

NH3 and 
18

FDG, initially described by Beanlands et 
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al(5).  In this analysis, the extent of reduced perfusion within a sector is apportioned between infarcted 

and hibernating myocardium, as determined by the relative 
18

FDG uptake(5).  Thus, reduced perfusion 

with preserved 
18

FDG uptake defined hibernating myocardium, and matched reductions in perfusion and 

18
FDG denoted infarct.  Since we employed a euglycemic-hyperinsulinemic clamp to maximize 

myocardial 
18

FDG uptake(2), 
18

FDG uptake was not rescaled to regions with normal perfusion(5).  Viable 

denervated myocardium was determined in an analogous fashion from a mismatch analysis between 
11

C-

HED uptake and 
18

FDG uptake.  Since late 
13

NH3 uptake has been shown to be a tracer of myocardial 

viability(9), 
13

NH3 images were substituted in mismatch analyses in 9 subjects in whom the 
18

FDG uptake 

was unavailable. 

Follow-up and Classification of Events 

After completing the imaging, subjects (or their designee) were contacted by telephone at 3-

month intervals to review intervening ICD therapy, hospitalizations, and interval changes in symptoms.  

The primary end-point was sudden cardiac arrest or equivalent (SCA).  This included arrhythmic death as 

well as ICD discharge for VF or VT>240 bpm(1).  Previous studies have demonstrated that the frequency 

of ICD discharge for these events approximates the absolute reduction in mortality with an ICD(1,10,11).  

Anti-tachycardia pacing was not included as an end-point.  All notes and electrograms associated with 

ICD discharges were obtained and independently reviewed.   

Deaths were classified according to the modified Hinkle-Thaler(12) classification used in the 

Multicenter Unsustained Tachycardia Trial (MUSTT)(13,14).  Consonant with this classification scheme, 

arrhythmic events and ICD discharge associated with end-stage heart failure(13) or hospice care were 

classified as cardiac non-sudden death rather than SCA.  Cardiac transplantation (n=2) was considered 

cardiac non-sudden death.  All available details (paramedic and medical records, first-hand witnesses, 

family members, death certificates) including the activity levels and symptoms prior to death were 

obtained and independently reviewed by two board-certified cardiologists to determine classification as: 

E, cardiac non-sudden or non-cardiac death.  In the event of disagreement, a consensus was reached with 

a third reviewer.   

Owner
Sticky Note
This abbreviation should follow the spell out and it doesn't. It should be moved after the word "arrest" and before the words "or eqivalent."
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Statistical Analyses  

A detailed discussion of the sample size estimate and power calculations has been previously 

published(1).  Although initiation of the study commenced with expansion of clinical guidelines for the 

utilization of ICDs for the primary prevention of arrhythmic death, subsequent ICD implantation rates at 

the study site, like those nationally, were considerably lower than anticipated.  Since recruitment was 

below the original target, the NHLBI granted requests for an additional 24 months of follow-up of 

enrolled subjects to obtain sufficient events. 

The primary analytic approach in the PAREPET trial was to assess PET parameters as continuous 

variables to predict time to SCA (primary end-point)(1).  In order to determine the potential independence 

of these parameters, various demographic, medication, echocardiographic, hemodynamic, and laboratory 

variables were also tested for their association with SCA.  Demographic variables included: age, sex, 

body mass index, body surface area (BSA), New York Heart Association Heart Failure Class, Canadian 

Cardiovascular Society Angina Class, clinical diagnosis of diabetes mellitus, history of coronary 

revascularization, cardiac rhythm other than sinus, and QRS duration.  Medications included: beta-

blockers, amiodarone, antiplatelet agents (aspirin and/or clopidogrel) or warfarin, angiotensin inhibition 

therapy (angiotensin converting enzyme inhibitor or angiotensin receptor antagonist), aldosterone 

antagonists, and digoxin.  Echocardiographic parameters included:  EF, LV end-diastolic and end-systolic 

volumes (absolute and indexed for BSA), left atrial volume (absolute and indexed for BSA), LV mass 

(absolute and indexed for BSA), and severity of mitral regurgitation.  Hemodynamic parameters included:  

systolic blood pressure, heart rate, and rate pressure product (systolic blood pressure • heart rate).  

Laboratory values included:  hematocrit, potassium, sodium, creatinine, and B-type natriuretic peptide 

(BNP).  When both absolute and indexed parameters were significantly associated with time to SCA, only 

indexed values were reported and used in the multivariate analysis.  All statistical analyses were 

performed with commercial software (Microsoft Excel and SAS version 9.1).    
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