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Summary of Clinical Results 
The “Biventricular versus Right Ventricular Pacing in Heart Failure Patients with Atrioventricular 
Block clinical study investigated the safety and efficacy of biventricular pacing compared to right 
ventricular pacing for subjects with: 

• Mild to moderate heart failure (New York Heart Association (NYHA) functional class I, II 
and III) 

• Some degree of left ventricular dysfunction (left ventricular ejection fraction (LVEF) < 50%) 

• Atrioventricular (AV) block 

• Standard pacing indications and/or indications for ventricular antitachycardia pacing and 
ventricular defibrillation for automated treatment of life threatening ventricular arrhythmias 

The study compared results from subjects randomized to biventricular pacing to those of subjects 
randomized to right ventricular pacing.  This study is also referred to as the BLOCK HF Study in 
the medical literature. 

1 Study Purpose 
The purpose of the BLOCK HF clinical study was to demonstrate the benefit of biventricular pacing 
compared to right ventricular pacing as evidenced by a composite endpoint of mortality, morbidity, 
and changes in cardiac volume as measured by echocardiography.  

2 Study Scope, Design, and Methods 
BLOCK HF was a prospective, multi-site, randomized, double-blinded, parallel-controlled 
Investigational Device Exemption (IDE) clinical study. Subjects were randomized in a 1:1 ratio to 
biventricular pacing or right ventricular pacing.  

Randomization occurred 30-60 days after a successful implant procedure which allowed for initial 
pharmacological therapy to be managed.  A successful implant was defined as implantation of 
market-released right ventricular (RV) and left ventricular (LV) leads, and a Medtronic Cardiac 
Resynchronization Therapy (CRT-P) or a CRT with defibrillation capabilites (CRT-D) device.  
Implantation of a right atrial lead was up to the discretion of the physician. 

Clinical data were collected at baseline, implant, post-implant baseline/randomization and follow-
up visits occurring at 3, 6, 9, 12, 15, 18, 21 and 24 months post-randomization, with further follow-
up visits required every three months thereafter until sufficient data were collected for evaluation of 
the primary objective. 

Data were also collected upon system modification, notification of adverse events and 
hospitalizations, (including adverse event-related emergency department and urgent care visits), 
interim follow-up visits, study exits, crossovers, deviations, and deaths. Data collected included 
case report forms to capture demographics, medical history, device interrogations, 
echocardiograms (echo), assessment of clinical and functional status, as well as quality of life.  
Device data files and echocardiographic recordings were used as electronic data. 

The primary objective was to demonstrate the time until the first event of all-cause mortality, heart-
failure-related urgent care, or a significant increase in left ventricular end systolic volume (LVESVI) 
for subjects programmed to biventricular pacing is superior to that of subjects programmed to right 
ventricular pacing. 

Heart failure-related urgent care was defined as experiencing one of the following: 
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• A heart failure-related hospitalization requiring intravenous heart failure therapy or, 

• An emergency department visit for heart failure requiring intravenous heart failure therapy 
or, 

• A visit in which the subject presents with signs or symptoms consistent with heart failure or 
heart failure exacerbation, and intravenous therapy is required 

A significant increase in LVESVI was defined as a 15% or more increase in the normalized left 
ventricular end systolic volume from post-implant baseline/randomization to the time point of 
interest where the normalized systolic volume is systolic volume divided by body surface area.1 

3 Subject Inclusion and Exclusion Criteria 
Subjects who satisfied all inclusion and no exclusion criteria were eligible to participate in the 
study. 

Inclusion Criteria 
• Subject had a standard Class I or Class IIa indication for pacemaker in accordance with current 

ACC/AHA/HRS guidelines at time of the implant 

• Subject had been diagnosed with at least one of the following: 

o Third degree AV block 

o Symptomatic or asymptomatic second degree AV block 

o First degree AV block with symptoms similar to pacemaker syndrome 

o Documented Wenckebach or PR interval > 300ms when paced at 100 ppm 

• Subject is receiving a first-time device implant 

• Subject is indicated for ICD implantation for the automated treatment of life-threatening 
arrhythmias (required only if the subject was to receive a CRT-D device) 

• Subject has been classified as NYHA functional class I, II or III within 30 days prior to study 
enrollment 

• Subject’s most recent documented left ventricular ejection fraction (by any methodology) was 
less than or equal to 50% and documented within 90 days prior to enrollment 

• Subject was at least 18 years old at the time of consent 

• Subject or authorized legal guardian or representative had signed and dated the Subject 
Informed Consent 

• Subject could receive a pectoral implant 

• Subject was expected to remain available for follow-up visits at the trained study center 

• Subject was willing and able to comply with the protocol 

 
 

                                                 
1 Yu C, Fung W, Lin H, et al.  Predictors of left ventricular reverse remodeling after cardiac resynchronization therapy for heart failure 
secondary to idiopathic dilated or ischemic cardiomyopathy.  Am J. Cardiol.  2002;91:684-688. 
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Exclusion Criteria 
• Subject had ever had a previous or existing pacemaker, ICD or CRT device 

• Subject had unstable angina, acute myocardial infarction (MI), coronary artery bypass graft 
(CABG) or percutaneous transluminal coronary angioplasty (PTCA) within 30 days prior to 
study enrollment 

• Subject had a valve replacement or repair within six months (180 days) prior to study 
enrollment 

• Subject had valvular disease and was indicated for a valve repair or replacement 

• Subject had a mechanical right heart valve 

• Subject was indicated for a biventricular pacing device (CRT-P or CRT-D) 

• Subject was enrolled in a concurrent study that may have confounded the results of BLOCK HF 

• Subject was pregnant, or a childbearing potential and not on a reliable form of birth control 

• Subject was status post heart transplant 

• Subject was classified as NYHA functional class IV within 90 days prior to study enrollment 

• Subject, legal guardian or authorized representative was unable or unwilling to cooperate or 
give written informed consent 

4 Study Objectives 
 
Primary Objective 
The primary objective of the BLOCK HF clinical study was designed to demonstrate the time until 
the first event of all-cause mortality, heart-failure-related urgent care, or a significant increase in 
left ventricular end systolic volume (LVESVI) for subjects programmed to biventricular pacing is 
superior to that of subjects programmed to right ventricular pacing. 

 
Key Secondary Objectives 
Secondary objectives were intended to provide additional information on subject response, system 
performance and corroborate the results of the primary objective. The following were pre-specified 
for evaluation; however, since the statistical plan did not control for Type I error for any secondary 
objectives, all results are considered observational and hypothesis generating.  

• Hazard rate for time to all-cause mortality 
• Hazard rate for time to all-cause mortality or first heart failure-related hospitalization 
• Hazard rate for time to all-cause mortality or significant increase (>15%) in LVESVI 
• Hazard rate for time to first heart failure hospitalization; number of days hospitalized for 

heart failure per month 
• Changes in NYHA functional classification 
• Changes in heart failure stage 
• Change in the use of cardiovascular medications over time 
• Assess the frequency of occurrence of all trial reportable adverse events 
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• Assess the frequency of occurrence of cardiovascular health care utilizations 
• Changes in quality of life scores as measured by the Minnesota Living with Heart 

Failure Questionnaire (MLHFQ) 
• Changes in cardiac structure and function per echocardiography (LVEF, LVESVI, Left 

Ventricular End Diastolic Volume Index (LVEDVI), LV dimension in diastole, LV 
dimension in systole, LV mass, mitral regurgitation, cardiac index, interventricular 
mechanical delay, and E-wave/A-wave ratio) 

• Changes in the Heart Failure Clinical Composite scores 
• Proportion of subjects with a successful implant of a biventricular pacing system (CRT-

P/CRT-D) 
• For subjects implanted with a CRT-D: Compare the hazard rate for time to first VT/VF 

episodes 
 

5 Statistical Analysis 
 

The prespecified statistical approach for the primary objective and stopping rules for data collection 
and trial completion was an adaptive Bayesian statistical design. Posterior probabilities and 95% 
credible intervals were the metrics generated in lieu of Frequentist statistical measures such as p-
values and confidence intervals. A posterior probability that a parameter (e.g. BiV to RV hazard 
ratio for mortality) falls within a given range is a number between 0 and 1 that represents the 
likelihood, based on pre-trial assumptions and accumulated trial data, that the parameter falls in 
that range. The objective was met if the probability that the parameter fell within the rejection 
region exceeded the pre-specified threshold.  The primary objective was met if the posterior 
probability (PP) that the combined hazard ratio was less than 1 exceeded 0.9775. A 95% credible 
interval is a range of values a parameter falls within with a posterior probability of 0.95. An 
intention-to-treat analysis served as the primary analysis for each objective. Similar models were 
used to assess several of the secondary objectives. However, Type I error was not controlled for 
the analysis of secondary objectives, so their results should be interpreted with caution. 

 

6 Results 
 

Accountability of PMA Cohort  
 

A total of 918 subjects were enrolled at 58 sites in the United States and two sites in Canada.  Of 
the 918 subjects enrolled, 691 were randomized. There were 531 CRT-P and 227 CRT-D devices 
successfully implanted during the initial implant procedure, with 484 subjects randomized in the 
CRT-P group and 207 subjects randomized in the CRT-D group. Figure 1 shows the number of 
subjects included in the analysis of the primary objective.  
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Figure 1: CONSORT Flow Diagram of Subjects Analyzed for Primary Objective 
 

 
 
  
 
 
 
 
 
 
 
 
 
 
    

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
 

Enrollment 

918 Assessed for eligibility 

691 Randomized 1:1 

Allocation 

349 Allocated to Biventricular Pacing 
346 Received allocated intervention 

          
 

  

342 Allocated to Right Ventricular Pacing 
    342 Received allocated 

  

         

54 Exited/lost to follow-up prior to closure 
80 Deaths 
15 Crossed over to alternative therapy 
during follow up 
94.4% Expected follow up visits completed  

58 Exited/lost to follow-up prior to closure 
94 Deaths 
86 Crossed over to alternative therapy 
during follow up  
93.4% Expected follow up visits completed  

349 Analyzed 342 Analyzed 

Follow-up 

Average post randomization follow-up: 39.8 ± 23.7 months 

Analysis 

227 Subjects not randomized: 
96 due to inclusion/exclusion not being 
met 
13 Subjects withdrew prior to implant 
51 Unsuccessful implants    
67 Implanted subjects not randomized 



Version 2 DRAFT BLOCK HF Summary of clinical results Page 8 of 21 
13 February 2014 
 

Study Population Demographics and Baseline Parameters 
Table 3 summarizes the baseline demographics for all 691 randomized subjects.  Mean and 
standard deviation are presented for continuous variables. 
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Table 1: Baseline Demographics of All Randomized Subjects 

 
The percent ventricular pacing was high, over 90% among at least 75% of subjects consistently 
across different intervals of follow-up, and consistently among both device and treatment arms. 
The overall median percent RV pacing for the study was over 98%. This supported the trial 
enrollment goal that subjects must have AV block that requires pacing. Of note, BLOCK HF 
enrolled very few ethnic minorities with more than 90% of enrollees having Caucasian ethnicity.  
 
Safety and Effectiveness Results 

A. Primary Objective 

Subject Characteristic 
CRT-P (N= 484) CRT-D (N=207) Total 

(N=691) BiV Arm 
(N=243) 

RV Arm 
(N=241) 

BiV Arm 
(N=106) 

RV Arm 
(N=101) 

Gender (N, %)      
Male 181 (74.5%) 168 (69.7%) 87 (82.1%) 81 (80.2%) 517 (74.8%) 
Female 62 (25.5%) 73 (30.3%) 19 (17.9%) 20 (19.8%) 174 (25.2%) 
Ethnic Origin (N, %)      
Subject did not offer ethnicity 6 (2.5%) 5 (2.1%) 4 (3.8%) 3 (3%) 18 (2.6%) 
African American 8 (3.3%) 10 (4.1%) 4 (3.8%) 4 (4%) 26 (3.8%) 
Asian 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 
Caucasian 225 (92.6%) 224 (92.9%) 96 (90.6%) 90 (89.1%) 635 (91.9%) 
Hispanic 3 (1.2%) 1 (0.4%) 2 (1.9%) 2 (2%) 8 (1.2%) 
Native American 0 (0%) 1 (0.4%) 0 (0%) 0 (0%) 1 (0.1%) 
Other 1 (0.4%) 0 (0%) 0 (0%) 2 (2%) 3 (0.4%) 
Age (years)      
Mean ± Standard Deviation 74.4 ± 10.2 73.8 ± 10.8 72 ± 9.3 71 ± 10 73.3 ± 10.3 
Minimum - Maximum 43.8 - 92.4 25.9 - 93.2 40.2 - 88.4 40.6 - 89.5 25.9-93.2 
LVEF Measurement (%)      
Mean  ± Standard Deviation 43.4 ± 6.5 42.5 ± 6.6 33 ± 7.8 32.9 ± 8 40.0 ± 8.3 
Median 45 45 35 32 40 
25th Percentile - 75th Percentile 40 - 49 40 - 47 29 - 38 29 - 35 35 - 45 
NYHA Classification (N, %)      
Class I 35 (14.4%) 47 (19.5%) 11 (10.4%) 16 (15.8%) 109 (15.8%) 
Class II 141 (58%) 126 (52.3%) 67 (63.2%) 58 (57.4%) 392 (56.7%) 
Class III 66 (27.2%) 68 (28.2%) 28 (26.4%) 27 (26.7%) 189 (27.4%) 
Class IV 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 
Not Available 1 (0.4%) 0 (0%) 0 (0%) 0 (0%) 1 (0.1%) 
Heart Failure Stage 
Classification (N, %)      
Stage A 1 (0.4%) 3 (1.2%) 0 (0%) 0 (0%) 4 (0.6%) 
Stage B 34 (14%) 40 (16.6%) 9 (8.5%) 14 (13.9%) 97 (14.0%) 
Stage C 207 (85.2%) 198 (82.2%) 97 (91.5%) 87 (86.1%) 589 (85.2%) 
Stage D 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 
Not Available 1 (0.4%) 0 (0%) 0 (0%) 0 (0%) 1 (0.1%) 
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The primary objective was a composite endpoint that demonstrated the time to the first 
event of all-cause mortality, heart failure-related urgent care visit, or a >15% increase in 
LVESVI for subjects with BiV pacing is superior to that of subjects with RV pacing. 
The primary endpoint was met in 186 of 349 (53%) subjects in the BiV pacing arm, compared to 
219 of 342 (64%) subjects in the RV pacing arm.  Subjects with missing LVESVI measures at 
the required timepoints of post-implant baseline, 6, 12, 18 and 24 months were censored at the 
last visit with a readable LVESVI measure prior to the visit with missing data, even if an 
endpoint was later met.  Thus, some primary endpoint events did not contribute to the analysis 
of the primary objective.  After accounting for censoring, 160 (45.8%) of subjects in the BiV 
pacing arm and 191 (55.8%) of subjects in the RV pacing arm experienced primary endpoints 
that were included in the primary objective analysis.  See Table 4 and Figure 2.   

Table 2: Primary Endpoint Events for Analysis of Primary Objective 
 Number of Subjects (% of Subjects) 

CRT-P (N=484) CRT-D (N=207) Total 
Randomized 

Subjects 
(N=691) 

BiV Arm 
(N=243) 

RV Arm 
(N=241) 

BiV Arm 
(N=106) 

RV Arm 
(N=101) 

Primary Endpoint 
Events 

109 (44.9%) 128 (53.1%) 51 (48.1%) 63 (62.4%) 351 (50.8%) 

   LVESVI Events 55 (22.6%) 78 (32.4%) 30 (28.3%) 36 (35.6%) 199 (28.8%) 
HF Urgent Care  40 (16.5%) 39 (16.2%) 16 (15.1%) 23 (22.8%) 118 (17.1%) 

   Deaths 14 (5.8%) 11 (4.6%) 5 (4.7%) 4 (4.0%) 34 (4.9%) 
 

Among events that counted towards the primary objective analysis, the most common event 
type was an increase in LVESVI (28.8% of randomized subjects), followed by a heart failure-
related urgent care visit (17.1% of randomized subjects), and death (4.9% of randomized 
subjects).  

Among the LVESVI endpoints, LVESVI increased on average 33.5%.   

 



 

Version 2 BLOCK HF Summary of clinical results Page 11 of 23 
13 February 2014 
 

Figure 2:  Time to Mortality, HF Urgent Care Visit, or > 15% Increase in LVESVI 

 
 

Biventricular pacing resulted in an overall 27% reduction in the primary endpoint achieving 
Bayesian statistical significance (Posterior Probability = 0.999) of the Hazard Ratio (HR) < 1.  
Sensitivity analyses including censored data yielded similar findings and the observed relative 
benefit of biventricular pacing was comparable across device groups . Table 5 provides the 
results of the Bayesian primary objective for CRT-P and CRT-D devices and for all subjects.  

Table 3: Statistical Analysis of Primary Objective 

Subject Group Hazard Ratio (95% CI) 

CRT-P (N=484) 0.72 (0.57, 0.90) 

CRT-D (N=207) 0.74 (0.56, 1.00) 

All Subjects (N=691) 0.73 (0.59, 0.89) 
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B. Secondary Objectives  
 
The results of all secondary objectives are provided below in Table 6. Since the statistical plan 
did not control for Type I error for any secondary objectives, all results below are considered 
observational and hypothesis generating.  

Table 4: Analysis of Secondary Objectives 
Secondary Objective Results 
Mortality 

 

A mortality endpoint occurred in 80 (23%) of 349 
subjects in the BiV group compared with 94 (27%) of 
342 subjects in the RV pacing group. 
 

Time to Mortality/HF-related 
Hospitalization 

A mortality/first HF hospitalization endpoint occurred in 
121(35%) of 349 subjects in the BiV group compared 
with 135 (39%) of 342 subjects in the RV pacing group. 
 

Mortality/Change in LVESVI 

  

A mortality/ ≥15% increase in LVESVI occurred in 158 
(45.3%) of BiV subjects and 201 (58.8%) of RV 
subjects.   
 

Change in Heart Failure-related 
Hospitalizations   

  

There were 147 HF hospitalizations among 79 (22.6%) 
of 349 subjects in the BiV arm compared to 157 HF 
hospitalizations among 92 (26.9%) of 342 RV arm 
subjects.  

BiV arm subjects were observed to have overall lower 
mean rates of days hospitalized for HF per year than 
RV arm subjects.  
 

Change in NYHA Functional 
Classification   

 

The analyses comparing the observed mean change in 
NYHA from Post-implant baseline/randomization to 6, 
12, 18, and 24 months post randomization showed 
similar results between arms. 
 

Change in Heart Failure Stage  

 

The analyses comparing the observed mean change in 
HF Stage from Post-implant baseline/randomization to 
6, 12, 18, and 24 months post-randomization showed 
similar results between arms: most subjects were Stage 
C at randomization and remained at Stage C at the 
other time points of study 
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Change in Cardiovascular 
Medications   
 

The targets for medical therapy recommended in the 
trial were consistent with AHA/ACC Guidelines for Heart 
Failure. The observed, administered doses of heart 
failure medications were lower than the recommended 
targets. In spite of the lower EF in the CRT-D group, the 
ACE Inhibitor doses were low, but similar across 
groups.  In addition, in spite of lower EF in the CRT-D 
group, 85% were on beta blockers with doses at 
approximately 35% of recommended by the study. After 
6 months of pacing, however, beta blocker doses had 
changed only minimally to 38% of recommended 
doses. 
 

Frequency of Adverse Events   
  

There were 3064 adverse events (1669 complications, 
1395 observations) experienced by 655 subjects.  
Observed rates of heart-failure related adverse events 
were observed to be lower in the BiV arm, while rates of 
inappropriate device stimulation of tissue were 
observed to be higher in the BiV arm.  Among CRT-D 
subjects more generator-related complications were 
observed in the BiV arm.  Most of these complications 
were device changeouts due to the device reaching end 
of life.  The time frame for many of these events was 
four to five years post implant, corresponding to 
observed battery longevity.   
 

Cardiovascular Health Care 
Utilizations  
  
 

There were 2345 post-randomization CV healthcare 
utilizations among 527 randomized subjects.    

Observed rates of heart failure-related hospitalizations 
were lower in the BiV arm among CRT-P subjects and 
comparable between arms among CRT-D subjects.  
Observed CV-related urgent care/clinic visits were 
lower in the BiV arm across device groups, while rates 
of observed CV related hospitalizations for reasons 
other than HF (e.g. lead dislodgement, device 
changeouts) were higher in the BiV arm.    

Change in Quality of Life 
 

Change in Quality of Life score from randomization was 
compared between arms at 6, 12, 18, and 24 months 
post randomization.   
 
Subjects in the BiV arm were observed to have an 
average improvement in quality of life at 6 and 12 
months, but saw less improvement at 18 and 24 
months. Subjects randomized to RV pacing averaged 
little observed difference in their quality of life through 
24 months. 
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Change in Cardiovascular 
Structure and Function per 
Echocardiography   
 

Changes in cardiovascular structure and function were 
assessed at 6, 12, 18, and 24 months post 
randomization.  
 
Subjects who received BiV pacing were observed to 
have better outcomes as measured by change in LVEF, 
LVESVI, LVEDVI, LV diastolic dimension, LV mass, and 
Interventricular Mechanical Delay compared to subjects 
with RV pacing through 24 months.   
 
No differences were observed between randomization 
groups for change in the following parameters between 
randomization and any subsequent time points: Cardiac 
Index, Mitral Regurgitation, LV systolic dimension, and 
E-Wave/A-Wave Ratio.    
 

Change in Heart Failure Clinical 
Composite Score 
 

Subjects who received BiV pacing were observed to 
achieve a better clinical composite score than subjects 
with RV pacing through 24 months of receiving the 
therapy.      

CRT-P and CRT-D System 
Implant Success Rate 
 

A CRT system (with or without an RA lead) was 
successfully implanted in 93.7% of the subjects who 
received an implant attempt. 
 
CRT-D system implant was successful in 227 (91.5%) 
of 248 attempts. An initial implant attempt of a CRT-P 
system was made in 561 subjects, and was successful 
in 531 (94.7%) of those subjects. In all 51 of the 
unsuccessful cases, the LV lead could not be 
successfully implanted. 
 

Incidence of VT/VF 
 

More subjects in the BiV arm experienced post-
randomization VT/VF (37%) and non-VT/VF (55%) than 
subjects in the RV arm (31% experienced VT/VF and 
47% experienced non-VT/VF).  

 

7 Adverse Events Summary  
In this study, all cardiovascular-related, pulmonary-related, renal-related, system-related, 
procedure-related, and any events in which the subject presents with symptoms compatible with 
fluid retention and/or decreased exercise tolerance were reported.  Adverse events were 
classified for Seriousness, Complications/Observations, and Relatedness.  A complication was 
defined as an adverse event that results in death, involves any termination of significant device 
function, or requires invasive intervention. An observation was defined as any adverse event 
that is not a complication. System relatedness was assessed with respect to device and the 
leads.  The Adverse Event Adjudication Committee (AEAC) adjudicated relatedness for all 
adverse events.  
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Out of the 809 subjects in whom implants were attempted, 143 subjects (17.7%) experienced a 
serious adverse event within 30 days of the initial procedure and 207 subjects (25.6%) 
experienced a procedure, generator or LV lead related complication. The Table 7 below 
summarizes the serious adverse events and complications observed by type.  

Table 5: Adverse Events in BLOCK HF Study 

Event Type 

# Subjects (%) 

CRT-P (N=484) CRT-D (N=207) Others with 
Implant 
Attempt 
(N=118) 

BiV 
(N=243) RV (N=241) BiV 

(N=106) RV (N=101) 

Serious 
Adverse Event 

≤ 30 days 
41 (16.9%) 28 (11.6%) 18 (17.0%) 15 (14.9%) 41 (34.7%) 

Procedure-
related 

complication 
42 (17.3%) 26 (10.8%) 21 (19.8%) 16 (15.8%) 34 (28.8%) 

Generator-
related 

complication 
11 (4.5%) 10 (4.1%) 34 (32.0%) 18 (17.8%) 8 (6.8%) 

LV lead-related 
complication 14 (5.8%) 12 (5.0%) 6 (5.7%) 9 (8.9%) 10 (8.5%) 

 
LV Lead-Related Safety 

Given that the LV lead was required to function adequately only in the subjects assigned to BiV 
pacing, the LV lead related complication rate in the BiV arm of 5.7% was used for evaluation of 
the additional LV lead-related risks of a CRT device over an RV pacemaker. This rate is 
comparable with recent CRT trials, including RAFT (7.4% LV lead related complications at 12 
months post implant) and REVERSE (9.1% LV lead related complications at 12 months post 
implant).   The main causes of the lead related complications in the BiV arm are shown in Table 
8 below. 

Table 6: LV Lead Related Complications in BiV Arm (N=349) 
 # Subjects (%) 
All complications 20 (5.7%) 

Diaphragmatic 
stimulation 

12 (3.4%) 

Lead dislodgement 4 (1.1%) 

Failure to capture 1 (0.3%) 

 
An additional consideration for safety is the ability to implant an LV lead. In 51 (6.3%) of the 809 
subjects in which implants were attempted, an LV lead implant was not possible. Although 
increased surgical time is required for attempted, but unsuccessful LV lead implants, not all 
result in complications. No epicardial leads were used in this study. 
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8 Death Summary 
 

Of the 691 subjects randomized, 25.2% died during their follow-up. The majority of deaths were 
non cardiac related (88/174 = 50.6%). The overall mortality rate was similar in study groups, 
trending lower for the BiV-randomized arm. No deaths were adjudicated to be procedure-
related; one death was found to be system-related. The following table categorizes the deaths 
observed in the study.  

Table 7: Deaths by Device Type and Treatment Arm 

AEAC 
Classification 

Number of Subjects (% of Subjects) 
CRT-P (N=484) CRT-D (N=207) Total 

Randomized 
Subjects 
(N=691) 

BiV Arm 
(N=243) 

RV Arm 
(N=241) 

BiV Arm 
(N=106) 

RV Arm 
(N=101) 

Sudden Cardiac 9 (3.7%) 11 (4.6%) 2 (1.9%) 2 (2.0%) 24 (3.5%) 
Non-sudden 
cardiac 

18 (7.4%) 12 (5.0%) 5 (4.7%) 10 (9.9%) 45 (6.5%) 

Non-cardiac 25 (10.3%) 34 (14.1%) 14 (13.2%) 15 (14.9%) 88 (12.7%) 
Unknown 5 (2.1%) 9 (3.7%) 2 (1.9%) 1 (1.0%) 17 (2.5%) 
Heart Failure 
Related 

16 (6.6%) 14 (5.8%) 5 (4.7%) 11 (10.9%) 46 (6.7%) 

Total 57 (23.5%) 66 (27.4%) 23 (21.7%) 28 (27.7%) 174 (25.2%) 
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9 Subgroup Analysis 
 
The treatment effect for key clinical subgroups was examined by calculating the hazard ratio in 
each group as shown in Figure 3. 

 
Figure 3: Subgroup Analysis Forest Plot for Primary Objective 

 
 

The treatment effect when LVESVI is excluded was also examined. See Figure 4. 
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Figure 4: Subgroup Analysis Forest Plot for Death of HF-Related Urgent Care Visit 

 
 
The treatment effect was consistent across subgroups, noting that some subgroups had higher 
enrollment than others.  

 

10 Gender Analysis  
 
Additional subgroup analyses were performed by gender. The interpretability of these analyses is 
limited given the low enrollment of women in the BLOCK HF study, 174/691 (25.2%).  Both men 
and women demonstrated similar improvement trends with BiV pacing compared to RV pacing 
which is discussed further below.  
 
The proportion of female subjects enrolled in the BLOCK HF study is lower than the gender-
specific incidence or prevalence of heart failure in this patient population. Of the 5.3 million 
Americans affected by heart failure, nearly 50% are women1. However, the proportion of women 
enrolled in BLOCK HF is similar to that observed in other trials of CRT and to that observed of AV 
block subjects with an ICD or pacemaker in the Medtronic Product Surveillance database.   
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To examine the results of the primary objective by gender, a hierarchical model similar to that used 
in the main analysis was used to generate the hazard ratios and corresponding 95% two sided 
credible intervals. In women, biventricular pacing results in an overall 26% reduction in the primary 
endpoint, while in men the reduction was more (28%).  See Figure 5. It is important to note that the 
BLOCK HF study was not designed with a statistically powered sample size for this analysis and 
that the number of women enrolled in the study was quite low, so interpretation of the results 
shown in the figure below is limited. 

 
Figure 5: Time to Mortality, HF Urgent Care Visit, or > 15% Increase in LVESVI 

 
 

An analysis was also done excluding LVESVI. See Figure 6. Results still trended toward benefit in 
both men and women (hazard ratio of 0.80 and 0.76, respectively) when a Frequentist approach is 
used to analyze the data. A Frequentist approach was used given that no Bayesian analysis was 
pre-specified for this particular analysis and the priors selected may not have been appropriate for 
this analysis. It is important to note that the number of women enrolled in the study was quite low, 
so interpretation of the results shown in the figure below is limited.  
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Figure 6: Time to Mortality or HF Urgent Care Visit 

 
 

Baseline demographics are provided by gender in Table 10. While the overall sample size for 
women was low, this analysis provides support that women in BLOCK HF had generally similar 
demographics as men. Women did, however, have more advanced symptoms than men as 
evidenced by a higher percentage of Class III enrollments.  Women were also less likely to meet 
the criteria for defibrillation coming in to the trial.  

 
Table 8: Baseline Demographics of All Randomized Subjects 

Subject Characteristic Men (517, 74.8%) Women (174, 25.2%) p-value 

Ethnic Origin (N, %)   0.05 
Subject did not offer ethnicity 15 (3%) 3 (2%)  
African American 16 (3%) 10 (6%)  
Asian -- --  
Caucasian 479 (93%) 156 (90%)  
Hispanic 4 (1%) 4 (2%)  
Native American 0 (0%) 1 (1%)  
Other 3 (1%) 0 (0%)  
Age (years)   0.946 
Mean ± Standard Deviation 73 ±10 73 ±11  
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11 Additional Analysis to Understand the Impact of LVESVI 
Given the large contribution of events contributing to the primary objective that were increases 
in LVESVI (53.1% in the BiV arm and 59.7% in the RV arm), the below analyses were 
conducted. 
 
Time to First Event without LVESVI  
The exploratory Kaplan Meier analysis in Figure 7 shows time to primary endpoint events 
including mortality or heart failure-related urgent care, but excluding LVESVI events.  
Superimposed on the graph are the results for the primary objective (when LVESVI is included). 
By excluding LVESVI events this analysis has fewer than half the events of the analysis of the 
primary objective. Results still trend towards benefit (hazard ratio of 0.80) when a Frequentist 
approach is used to analyze the data. For comparison, the hazard ratio when LVESVI is 
included is 0.68. A Frequentist approach was used given that no Bayesian analysis was pre-
specified and the priors selected may not have been appropriate for this analysis. 

 

Minimum - Maximum 26 -93 40 -89  
LVEF Measurement (%)   0.374 
Mean  ± Standard Deviation 40 ± 8 40 ± 9  
Median 40 45  
25th Percentile - 75th Percentile 35 -45 35 -46  
NYHA Classification (N, %)   0.0008 
Class I 81 (16%) 28 (16%)  
Class II 312 (60%) 80 (46%)  
Class III 123 (24%) 66 (38%)  
Class IV -- --  
Not Available 1 (0%) 0 (0%)  
Heart Failure Stage Classification 
(N, %)   0.958 

Stage A 3 (1%) 1 (1%)  
Stage B 72 (14%) 25 (14%)  
Stage C 441 (85%) 148 (85%)  
Stage D -- --  
Not Available 1 (0%) 0 (0%)  
Device Type (N, %)   0.012 
CRT-P 349 (68%) 135 (78%)  
CRT-D 168 (32%) 39 (22%)  
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Figure 7: Time to 1st Event With (solid lines) and Without (dotted lines) LVESVI by 
Randomization Arm 

 
 

Predictive Value of LVESVI 
LVESVI events counted equally as death and heart failure events toward the composite primary 
objective. LVESVI events also occurred more often than death or heart failure events combined. 
For this reason, the value of LVESVI events was examined further, including whether LVESVI 
events predicted (i.e. preceded, in this study) future clinically meaningful death or heart failure-
related urgent care events.  The predictive value of an LVESVI event was examined using two 
methods. 

 
A. Proportion of Subjects with Future Death or Heart Failure-Related Urgent 

Care Events 
Subjects whose first primary endpoint event was a significant increase in LVESVI were 
examined for the occurrence of subsequent death or heart failure-related urgent care to assess 
whether LVESVI changes predicted future death or HF-related urgent care events. This 
proportion was compared to the proportion of death or HF-related urgent care events among 
subjects who did not have a primary endpoint LVESVI event.  Increased proportion of death or 
HF-related urgent care events for those with LVESVI events first versus those without LVESVI 
events was considered evidence that LVESVI changes predicted clinically meaningful 
outcomes. 
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Figure 8: Proportion of Subjects with 1st Event of LVESVI Increase and Future 
Event of Death or Heart Failure-Related Urgent Care 

 
 

This same analysis was conducted for BiV vs RV arms and for the entire randomized cohort. 
 

 

WITH 15%        WITHOUT 
↑ LVESVI 

Proportion with 
Subsequent 
Death or HF-
Related Urgent 
Care Events 
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Figure 9: Proportion of Subjects with 1st Event of Increase in LVESVI that have 
Later Event of Death or Heart Failure-Related Urgent Care 
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The results indicated that LVESVI is of limited value in predicting future death or heart failure-
related urgent care. 
 

B. Cox Regression Analysis 
 
The question of predictive value was also examined through a Cox Regression Analysis. In this 
analysis, values greater than one suggests that having a 15% or more increase in LVESVI 
predicts future death or heart failure-related urgent care. A hazard ratio of one suggests no 
predictive value.  

 
Table 9: Cox Regression Analysis for Predictive Value of 1st Event being LVESVI 

for Future Death or Heart Failure-Related Urgent Care 
Category Hazard Ratio 95% Confidence Interval 

All Subjects 1.35 (1.00, 1.82) 
RV Arm 1.74 (1.15, 2.65) 
BiV Arm 1.00 (0.63, 1.59) 
 

The results indicated that there is no consistent predictive value of LVESVI events for future 
death or heart failure-related urgent care. However, the trial was not prospectively designed nor 
powered to determine the predictive nature of LVESVI events with regard to mortality/morbidity; 
this represented a post-hoc analysis, and so the results should be considered with caution. 
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Annualized Rates for Death and Heart Failure-Related Urgent Care 
To further understand the results of the study without LVESVI, the absolute benefit seen in 
annualized rate for mortality (Figure 10) and heart failure-related urgent care (Figure 11) was 
examined.  

 
Figure 10: Annualized Mortality Rate by Randomization Arm 
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Figure 11: Annualized Heart Failure-Related Urgent Care by Randomization Arm 
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The suggested clinical benefit is a reduction in the occurrence of heart failure related urgent 
care of 7.9% in year one. No consistent mortality benefit was observed. 
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12 Clinical Study Conclusion 
The BLOCK HF Trial compared BiV pacing to RV pacing in subjects with NYHA Class I, II or III, 
and LVEF < 50% and AV block  using a composite primary endpoint of mortality, morbidity and 
cardiac function.  The trial demonstrated that BiV pacing results in a 27% reduction in the risk of 
the composite primary endpoint.   
 
Safety Conclusions 
In 51 subjects (6.3%), implantation of an LV lead was not possible. In those subjects in whom 
an LV lead was implanted and BiV pacing was used, 20 (5.7%) had an LV lead related 
complication.  The definition of a complication in the BLOCK HF study is an adverse event that 
resulted in death, involved any termination of significant device function, or required invasive 
intervention.  The LV lead complications most commonly did not result in death, but required a 
second surgery to revise the lead or involved loss of LV lead function. During deliberations, the 
Panel also indicated that the need for an additional surgery due to more frequent battery usage, 
and therefore, quicker battery depletion, when BiV pacing is used instead of RV pacing should 
be considered as a potential risk. The Panel and FDA acknowledged that the infrequent risks 
associated with LV lead use were different in kind and severity than the infrequent occurrence of 
heart failure and death attributable to RV pacing instead of BiV pacing. 

  

Effectiveness Conclusions 
The primary objective of the BLOCK HF study examined the effectiveness of BiV pacing over 
RV pacing at reducing risk of occurrence of death, heart failure-related urgent care, or a ≥15% 
increase in LVESVI.  The study met is its primary objective, demonstrating a 27% relative 
reduction in the risk of developing one of the three primary endpoint events. However, given the 
lack of clarity regarding the clinical meaning of an increase in LVESVI, the annualized rates 
were examined individually for death and heart failure-related urgent care to understand the 
results when LVESVI is excluded. The absolute benefit seen in clinically meaningful events is a 
reduction in heart failure-related urgent care of 7.9%; no consistent reduction in mortality was 
seen. Time to event analyses were also conducted, which indicated treatment effect still trends 
towards benefit when LVESVI is removed. These analyses in total suggested a modest benefit 
from BiV vs RV pacing predominantly in reduced heart failure events within the first year after 
implant.   

 

It should be noted that the potential for pharmacological therapy in combination with BiV or RV 
pacing to impact the occurrence of primary objective events was not thoroughly evaluated since 
the cardiovascular medication doses prescribed (particularly those for beta blockers) were lower 
than those recommended by the study protocol and the AHA/ACC Guidelines for Heart Failure. 
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