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3. Introduction 
The MicraTM TPS was developed to provide pacing entirely within the right ventricle to minimize or 
eliminate the acute and chronic complications related to the leads and pocket in traditional transvenous 
pacing systems.1,2 In a cohort of 726 implants with a median follow-up of 16.9 months, Micra TM TPS had 
a system or procedure major complication rate that was nearly half that observed in studies of 
traditional transvenous pacing systems. These results have been maintained in real-world settings.3 
Currently, Micra is approved for use in all geographies where the MARVEL 2 study will be conducted, 
specifically:  US, Europe, and Asia.  Micra also provides rate response via a 3-axis intracardiac 
accelerometer.4 However, the majority of patients requiring pacing are not recommended for VVI 
pacing.   Other pacing modalities including VDD or DDD are recommended for patients with 
atrioventricular (AV) block and normal sinus node function where there is a need to preserve 
atrioventricular synchrony.5 Thus, the majority of patients with AV block cannot currently benefit from 
current intracardiac pacemakers. 

The MASS/MASS2 studies collected the intracardiac accelerometer signal from 39 subjects with an 
implanted Micra device and intrinsic AV conduction during the study period.  These studies showed that 
four distinct signals, including a signal for atrial contraction (designated A4) could be observed.6 
Accelerometer signals from these subjects were used to develop an algorithm to provide AV 
synchronous pacing.  That algorithm was evaluated in the MARVEL study.  The MARVEL study 
demonstrated improved atrioventricular synchronous pacing in humans using Micra’s intracardiac 
accelerometer to mechanically detect atrial contraction.  Specifically, a total of 64 subjects completed 
the MARVEL study procedure at 12 centers in 9 countries.  The MARVEL study showed that the average 
AV synchronous pacing percentage was 87.0% (95% CI: 81.8% - 90.9%) across all subjects and 80.0% in 
subjects with high-grade (i.e. persistent) AV block.  In subjects with high-grade AV block the AV 
synchrony during AV synchronous pacing was greater than the 37.5% observed during VVI pacing 
(p<0.001).6 The MARVEL study also demonstrated that VDD pacing based on mechanical atrial sensing 
was safe.  A small sub-study of the MARVEL study, MARVEL-Evolve, re-tested the MARVEL algorithm in 9 
patients from one center to collect and compare the accelerometer signals and AV synchrony at two 
time-points.  The mean time between visits was 7.1±0.6 months.  MARVEL-Evolve showed no evidence 
of a difference in the percentage of AV synchrony during rest between study visits (p=0.740).  There was 
no difference in the A4 amplitude during rest between visit 1 (205.7 mG, 95% CI: 97.9 – 313.6 mG) and 
visit 2 (207.1 mG, 95% CI: 91.9 – 322.4 mG, p=0.933). 

The accelerometer signal is complex and currently is not well understood by clinicians. Therefore, it is 
desirable to reduce the clinical burden and expertise required to accurately set up the accelerometer 
detection algorithm.   To accomplish this, Medtronic enhanced the MARVEL algorithm to automatically 
adjust the most often programmed detection parameters.    In addition, two mode-switching algorithms 
were incorporated: (1) a mode-switch to VVI-40 for patients with paroxysmal AV block who often have 
intact AV conduction and (2) a mode-switch algorithm that switches to VVIR (rate adaptive pacing) if the 
sensor rate is significantly faster than the VDD rate.  The performance of these algorithm enhancements 
and the overall AV synchrony achieved by the enhanced AV algorithm are the focus of the MARVEL 2 
study.   
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5. Investigation Plan

5.1 Study Design 
The MARVEL 2 study is an acute, prospective, global, multi-center, software-download clinical study to 
evaluate the performance of the MARVEL 2 software, which includes a comprehensive set of the 
anticipated Micra AV features.  The study is planned to be conducted in the US, Europe and Asia.  In the 
United States, the study is being conducted under an Investigational Device Exemption (IDE).  Overall, 
the study is expected to be conducted at approximately 15-20 centers and will enroll up to 100 subjects 
to obtain at least 70 usable Holter datasets to meet the sample size required to test the primary 
objectives of the study.  Holter datasets will be considered usable if there is readable telemetry signal as 
determined by Medtronic personnel experienced in the review of Holter recordings.   

The expected total study duration (from first subject enrollment to the exit of the last subject) is 
approximately 6-months.  This represents the time necessary to enroll the target sample size of at least 
70 subjects. A download study into patients with an existing Micra device allows the new algorithm 
performance to be measured in patients where a Micra device has already been chosen as most 
appropriate for the patient.   Most enrolled subjects will complete the study procedures at a single 2 to 
4-hour study visit.  However, a subset of subjects who enroll in the study at the time of their Micra 
implant (anticipated to be approximately 10 subjects) will have the investigational algorithm 
downloaded following Micra implant, one day post-implant, and at approximately 1-month post-
implant.  Studying these subjects with de novo Micra implants will allow the MARVEL 2 software 
features to be tested at multiple points in the device life cycle. 

Additionally, study centers that participated in the MARVEL study may enroll up to three randomly 
selected subjects with normal sinus node function and persistent 3rd degree AV node block that 
participated in the MARVEL study.  Allowing subjects enrolled in the MARVEL study to participate in the 
MARVEL 2 study will enable an assessment of AV synchrony at multiple points in time. 

Because the download algorithm running in Micra device significantly increases current drain, a 2 to 4-
hour acute study is used to limit the reduction in device longevity.   

Figure 1 displays the MARVEL 2 study flow for all study subjects. 
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Figure 1: MARVEL 2 Study Flow 

 De novo subjects 
De Novo subjects are those subjects that enroll in the MARVEL 2 study at the time of their Micra 
implant.  Note that these will be subjects where the clinician and patient have determined that a Micra 
device is the most appropriate therapy for the patient’s condition.  It is expected that approximately 10 
de novo subjects will enroll in the MARVEL 2 study.  Studying these subjects with de novo Micra implants 
ensures some accelerometer signals are collected during or immediately after the implant procedure.  In 
addition, studying these subjects prior to hospital discharge and at 1-month provides information on the 
evolution of the accelerometer signal and AV synchrony. 

Specifically, following Micra implant and initial device interrogation, the investigational MARVEL 2 
software will be downloaded into the Micra and a custom Holter monitor will be placed on the subject.  
The Holter monitor will record surface ECG, EGM, accelerometer signals, and device and MARVEL 2 



MARVEL 2 Statistical Analysis Plan Form 

18 March 2019 Version 1.0 Page 11 of 51 

This document is electronically controlled Medtronic Controlled Information 056-F286, Statistical Analysis Plan Template 
Version A

algorithm markers.  The subject should be in a sitting or supine position while the automatic setup runs 
for approximately 20 minutes.  Once completed, the MARVEL 2 software will be removed from the 
Micra and Holter monitor removed from the subjects.  Note that the MARVEL 2 software will be in 
monitor mode (VDI mode with no atrial tracking) on the day of the Micra implant.  Prior to hospital 
discharge and at approximately 1-month post-implant de novo subjects will perform the MARVEL 2 
study procedures as described in Figure 2.   

Figure 2: Additional Study Procedures for De Novo Subjects 

 Reenrollment of MARVEL study subjects 
Study centers that participated in the MARVEL study can reenroll up to 3 subjects in the MARVEL 2 study 
from their subjects who had normal sinus node function and persistent 3rd degree AV block during 
Holter monitoring in the MARVEL study.  To avoid selection bias when considering reenrollment, centers 
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that had 3 or fewer eligible subjects are required to approach all their eligible subjects for reenrollment 
while centers with more than 3 eligible subjects will be given a randomly permuted list of subjects to 
approach for reenrollment in MARVEL 2 (note that these centers are required to approach the subjects 
in order of their permuted list until up to 3 subjects are reenrolled).  Based on this strategy, a maximum 
of 24 reenrollments may occur if all MARVEL centers participate in MARVEL 2 and all eligible MARVEL 
subjects enroll in the MARVEL 2 study (note, not all centers had 3 eligible subjects). 

5.2 Study Population 
The target population will consist of patients ≥18 years in age, with documented history of AV block, and 
implanted with a Micra with remaining device longevity of 6 years or more or expected to be implanted 
with a Micra.  

5.3 Study Procedures 
Study procedures for subjects with existing Micra devices will be conducted in a one day in-office visit.  
Study procedures for de novo subjects with a new Micra implant will be conducted over a 1-month 
period to collect the study procedures at up to 3 points in time.  Data collection specific for the MARVEL 
2 study are summarized in Table 1. 
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Table 1: Summary of Study Procedures 
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7.2 General Summaries 

 Baseline and Medical History 
Standard baseline and relevant medical history will be collected on the e-CRFs for all enrolled subjects.  
Baseline and medical history variables to be summarized include, but are not limited to:  age, sex, 
cardiovascular history, arrhythmia history, and cardiovascular medications. 

For continuous variables, mean, standard deviation, median, and range will be reported.  For categorical 
variables, frequency and percentage will be reported. Baseline information will be summarized for all 
enrolled subjects and for subjects with usable Holter data.  Additionally, baseline and medical history 
will be summarized for the following subsets of subjects: 

1. Subjects included in the analysis of the primary efficacy objective (i.e. those with a predominant 
rhythm during Holter monitoring of persistent 3rd degree AV block) 

 
 

 Clinical Investigation Plan (CIP) Deviations 
Deviations from the clinical investigation plan will be collected as deviations on the Study Deviation e-
CRF as they occur. Deviations will be summarized in a table by category. The number of deviations per 
category, and the number and percentage of subjects with a deviation in each category will be reported.  

 Adverse Events 
All adverse events regardless of severity or relationship to the MARVEL 2 algorithm will be collected 
during the study on the Adverse Event e-CRF as they occur.  Section 7.5.6.7 describes the methods that 
will be used to summarize adverse events. 

 Subject Disposition 
The number of enrolled subjects and number of subjects with usable Holter data will be reported by 
study center and country. 

The number and percentage of enrolled subjects exiting the study will be summarized by subject status 
term on the Study Exit e-CRF.  As the majority of subjects will complete the study procedures during a 
single study visit, premature study exit is not expected. 

A narrative of any subject deaths occurring during the study period will be provided in the final study 
report. 



MARVEL 2 Statistical Analysis Plan 
 

Form 

18 March 2019 Version 1.0 Page 17 of 51 

 

 
This document is electronically controlled Medtronic Controlled Information 056-F286, Statistical Analysis Plan Template 

Version A 

7.3 Center Pooling 
The study is expected to be conducted in approximately 15-20 centers in Europe, USA and Asia.  Study 
results are not expected to differ by study center, therefore data from all centers will be pooled. There 
will be no minimum limit that each investigator must enroll. The maximum number of enrolled subjects 
per center is 20 subjects. 

7.4 Interim Analyses  
No interim analysis of the study objectives is planned for this study. 

7.5 Evaluation of Objectives 

 Holter Data Preprocessing 
Following download of the investigational MARVEL 2 software, a Holter monitor will be placed on the 
subjects for the duration of study procedures.  The Holter monitor continuously records surface ECG, 
EGM, accelerometer signals, and device and MARVEL 2 algorithm markers are telemetered from the 
implanted Micra device. The marker channel includes the ventricular sensed and paced event markers 
as well as markers unique to the MARVEL 2 features including whether the MARVEL 2 features sense an 
atrial beat (A4 signal).  In addition, the Holter records supplemental marker data from the Micra 
including V-V interval, pacing mode, pacing amplitude, and MARVEL 2 specific settings and 
measurements, including A4 amplitude and mode switch status. 
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 Primary Efficacy Objective 
Demonstrate the superiority of the MARVEL 2 features to provide atrioventricular synchronous pacing 
relative to Micra VVI pacing in subjects with normal sinus node function and persistent 3rd degree AV 
block. 

7.5.3.1 Endpoint Definition 
A subject will meet the primary efficacy endpoint if a paced or sensed ventricular beat is within 300 ms 
following an ECG confirmed P-wave for at least 70% of the ECG confirmed P-waves.  The primary 
endpoint will be evaluated during the MARVEL 2 setup phase (VDI pacing which is effectively VVI pacing) 
and during the resting period in which the MARVEL 2 features are enabled. 

Rationale for the endpoint is provided in section 8.2.1.1 of version 2 of the MARVEL CIP. 

7.5.3.2 Hypothesis 
Ho: πAV = πVVI, versus 
Ha: πAV ≠ πVVI 

where πAV is the is the proportion of subjects meeting the primary efficacy endpoint during MARVEL 2 
adaptive mode (VDD) pacing, and πVVI is the proportion of subjects meeting the primary efficacy 
endpoint in VVI mode. 

7.5.3.3 Performance Requirements 
The percentage of subjects meeting the primary endpoint in the MARVEL 2 adaptive pacing mode is 
significantly greater (at the 0.05 level) than the percentage of subjects meeting the endpoint in VVI 
pacing mode. 

Meeting the performance requirement for the primary efficacy objective will demonstrate that the 
MARVEL 2 features provide high rates of atrioventricular synchronous pacing and greatly exceed rates 
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observed with VVI pacing in the patient population expected to benefit the most from atrioventricular 
synchronous pacing. 

7.5.3.4 Analysis Methods 
For each subject, the VVI pacing control period will occur shortly following investigational software 
download during the approximately 20-minute algorithm auto-setup phase where the MARVEL 2 
programmable parameters are setup to enable optimal tracking of the A4 signal.  The auto-setup phase 
will occur while the MARVEL 2 features are in monitor mode (i.e. VDI pacing which is effectively VVI 
pacing).  For purposes of evaluating the primary efficacy objective, the 20-minute resting period while 
the MARVEL 2 features are programmed to adaptive mode and providing VDD pacing will serve as each 
subject’s treatment period.  

Note that a randomized crossover design will not be used to compare AV synchronous pacing 
percentage between the MARVEL 2 pacing mode and VVI pacing for the following reasons: 1) knowledge 
of pacing mode is unlikely to influence AV synchronous pacing rate as such knowledge is unlikely to 
influence right atrial contractility, 2) the auto-setup phase will provide an opportunity to assess the AV 
synchronous pacing percentage during VVI pacing, 3) carryover effects are not possible since as soon as 
the MARVEL 2 features are programmed to adaptive mode atrial tracking will commence,  

 

The accuracy spreadsheet derived from each Holter file (see section 7.5.2.3) will be used to determine 
the synchrony status (yes or no) for each P-wave.  Each accuracy spreadsheet will be imported into SAS 
and/or R and the P-P interval computed for each P wave i (where i>1) as the time in seconds in Column 1 
(A) for the ith P-wave minus the time in seconds in Column 1 (A) for the ith-1 P-wave.  Each P-wave in the 
accuracy spreadsheet file will be classified as being evaluable or not evaluable.  P-waves that are not 
evaluable include: 

1. P-waves with no ventricular sense or pace markers and indication of telemetry dropout in the 
first 300 ms after the P-wave.  These are identified from the accuracy spreadsheet where 
column 13 (M) = 0 and column 14 (N) = 1. 

2. P-waves that occur during an AV conduction mode switch as these P-waves occur when the 
pacing mode is set temporarily to VDI40 while the device checks for intrinsic AV conduction.  
These are identified from the accuracy spreadsheet where a supplemental marker in the 
preceding P-P interval (column 15 (O) < P-P interval), and the pacing mode in the supplemental 
marker is VDI40, indicating a mode switch (column 17 (Q) = 7).  Note that for the pacing mode, 
the supplemental marker indicates the pacing mode on the next ventricular event, which is why 
a look-back to the preceding supplemental marker is necessary to determine if the current 
ventricular event is in a mode-switched state. 

All other P-waves in the accuracy spreadsheet will be considered evaluable.  Evaluable P-waves will be 
considered synchronous if they occur within 300 ms of the following ventricular event.  Thus, evaluable 
P-waves will be considered synchronous if column 2 (B) < 0.3 and asynchronous if column 2 (B) ≥ 0.3. 

For the analysis of the primary efficacy objective, P-waves with records in the accuracy spreadsheet 
corresponding to the auto setup phase (i.e. columns 11 (K) and 12 (L) indicate auto setup phase) or 
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Additionally, the proportion of subjects meeting the primary efficacy endpoint will be summarized and 
compared between VVI pacing and MARVEL 2 adaptive pacing using the methods described above in the 
following subsets of subjects with normal sinus node function and persistent 3rd degree AV block: 

1. Those subjects exhibiting low PVC burden (<5% of cardiac cycles demonstrating evidence of 
PVC) 

2. Those subjects exhibiting low PVC burden with a mitral valve doppler echo E/A ratio of 1.5 or 
less 

7.5.3.5 Sample Size Calculation 
A sample size of at least 35 subjects with normal sinus node function and persistent 3rd degree AV block 
and at least 500 evaluable cardiac cycles during the auto setup and 20-minute resting period will provide 
greater than 90% power to reject the null hypothesis based on the following assumptions: 

1. Two-sided type I error rate = 0.05 

2. Single analysis after all enrolled subjects have had an opportunity to complete the MARVEL 2 
study procedures and have had their Holter data evaluated 

3. Each subject will have at least 500 evaluable beats during the auto-setup phase (VVI pacing) 
period and during VDD pacing during the 20-minute resting period 

4. The proportion of subjects meeting the primary efficacy endpoint in one pacing mode, but not 
the other (i.e. proportion of discordant pairs) will exceed 50% 

5. At least 90% of discordant subjects will favor the MARVEL 2 features 

Justification of Sample Size Assumptions 

Figure 9 displays the AV synchronous pacing percentage observed in the MARVEL study by predominant 
rhythm.  The average AV synchronous pacing percentage among the 33 subjects with a predominant 
rhythm of high-grade AV block was 80.0% during MARVEL adaptive mode (VDD pacing) compared to 
37.5% during VVI pacing (P<0.001).   Among the 33 subjects with a predominant rhythm of high-grade 
AV block, 72.7% of subjects (24 of 33) had an AV synchronous pacing rate exceeding 70% while in 
MARVEL adaptive mode compared to 6.1% (2 of 33) during MARVEL monitor mode (VVI pacing). 



MARVEL 2 Statistical Analysis Plan 
 

Form 

18 March 2019 Version 1.0 Page 28 of 51 

 

 
This document is electronically controlled Medtronic Controlled Information 056-F286, Statistical Analysis Plan Template 

Version A 

Figure 9: AV Synchronous Pacing Percentage Observed in the MARVEL Study by Predominant Rhythm 

 

7.5.3.6 Determination of Subjects/Data for Analysis 
All subjects with normal sinus node function and persistent 3rd degree AV block during Holter 
monitoring with at least 500 evaluable beats during VVI pacing and at least 500 evaluable beats during 
MARVEL 2 adaptive pacing in which the device is providing VDD pacing will be included in the primary 
analysis for this objective. For de novo subjects, only data collected during the 20-minute resting period 
at the pre-hospital discharge procedure will contribute to the analysis of the primary objective.   

 
  However, if a de novo subject does not have 

usable Holter data from the pre-hospital discharge procedure, their Holter data at the 1-month post-
implant procedure will be used in the analysis, if available. 

As described in section 7.5.3.4 cardiac cycles with no ventricular sense or pace markers and indication of 
telemetry dropout in the first 300 ms following a P-wave as well as P-waves that occur during an AV 
conduction check will be excluded from the primary analysis (i.e. they are not evaluable beats). 

  

7.5.3.7 Missing Data and Sensitivity Analyses 
Missing Data 
Given the relatively short duration of the study, missing data is not expected to be a serious issue. Since 
telemetry dropout may influence the number of evaluable beats for a subject during both VVI pacing 
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and MARVEL 2 adaptive pacing, the total number of heart beats and total number of evaluable beats will 
be summarized.  

Missing Data Sensitivity Analyses 

If any subjects with normal sinus node function and persistent 3rd degree AV block do not have usable 
Holter data during the study, the reason the Holter data was not usable will be discussed.  Additionally, 
to address concerns with missing data that may arise, sensitivity analyses will be performed to assess 
the robustness of the observed statistical inference with respect to the missing data.  

The first sensitivity analysis will be to include all subjects with normal sinus node function and persistent 
3rd degree AV block that had some usable Holter data during both 20-minute resting period (MARVEL 2 
adaptive pacing) and VVI pacing control period (i.e. auto-setup phase) regardless of the number of 
evaluable beats in each phase.   

The second sensitivity analysis will include all subjects who had the MARVEL 2 software downloaded and 
had a Holter monitor placed on them that were classified as having a predominant rhythm of persistent 
3rd degree AV block with normal sinus function or who did not have their rhythm classified.  This 
sensitivity analysis will incorporate a tipping point methodology.  Specifically, all subjects with missing 
data will be included as meeting the primary efficacy endpoint during MARVEL 2 adaptive pacing and 
not meeting it during VVI pacing (i.e. discordant in favor of MARVEL 2 adaptive pacing) and then 
iteratively changed to not meeting the endpoint during MARVEL 2 adaptive pacing and meeting it during 
VVI pacing (i.e. discordant in favor of VVI pacing pacing).  The tipping point will be defined as the 
number of subjects of the total with missing data that would have to shift from being discordant in favor 
of MARVEL 2 pacing to discordant in favor of VVI pacing to change the statistical inference.  If the tipping 
point is less than the number of subjects with missing data stochastic methods may be used to aid in 
interpreting the likelihood of meeting or exceeding the tipping point as follows. Using the observed 
data, the beta distribution will be used to draw the probability a subject with missing data has normal 
sinus node function and persistent 3rd degree AV block.  Next, the Dirichlet distribution with shape 
parameters corresponding to the observed 2 × 2 table will be used to draw the probability that the 
subject with missing data would be in the table cell that is discordant and in favor of VVI pacing.  The 
product of these two probabilities will be used to determine the number of subjects with missing data 
that would end up in the discordant cell in favor of VVI pacing.  Monte-Carlo sampling will be used to 
determine the probability that the tipping point is met or exceeded.  

Other Sensitivity Analyses   

Since de novo subjects may have more than one visit in which both the AV synchronous pacing 
percentage is evaluated in both VVI and MARVEL 2 adaptive mode, the primary efficacy endpoint will 
also be compared utilizing usable Holter data from all study visits for subjects with normal sinus node 
function and persistent 3rd degree AV block.  Specifically, a logistic regression model utilizing GEE to 
account for correlation in outcomes within subject will be used to estimate the effect of MARVEL 2 
adaptive pacing on the primary efficacy endpoint.  Specifically, the response for this model will be the 
primary efficacy endpoint status (1=met primary efficacy endpoint, 0=did not meet primary efficacy 
endpoint) and the independent variable will be pacing mode (VVI or MARVEL 2 adaptive mode).  An 
exchangeable working correlation matrix will be employed with subjects considered repeated across 
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1. Pauses lasting longer than two cardiac cycles (where cardiac cycle length is defined by the 
programmed lower rate interval), AND 

2. Episodes of oversensing induced tachycardia exceeding 3-minutes, defined as oversensing 
accelerometer signal leading to a heart rate exceeding 100 BPM 

7.5.4.2 Hypothesis 
Ho: πAV ≤ 87%, versus 
Ha: πAV > 87% 

where πAV is the percentage of subjects meeting the primary safety endpoint during the MARVEL 2 
pacing mode. 

7.5.4.3 Performance Requirements 
The percentage of subjects meeting the primary safety endpoint is significantly greater than 87% (i.e. 
the lower two-sided 95% confidence interval for the estimate exceeds 87%).  For example, in a sample 
size of 70 subjects with usable Holter datasets, this objective would be met if at least 67 of the 70 
subjects (96%) meet the primary safety endpoint.  Further, with a sample size of 70 subjects with usable 
Holter datasets the lower two-sided 95% confidence interval will be 94.9% if all 70 subjects meet the 
primary safety objective. 

7.5.4.4 Analysis Methods 
All available Holter recordings (including multiple recordings for subjects evaluated at multiple visits 
following initial Micra implant) will be used to determine if a subject meets the primary safety endpoint.  
The ventricular event spreadsheet derived from each Holter file (see section 7.5.2.4) will be used to 
determine the primary event status associated with each Holter recording.  Each ventricular event 
spreadsheet will be imported into SAS and/or R.    

The MARVEL 2 features will be considered enabled when column 6 (F) in the ventricular event 
spreadsheet has the values 5, 6, 7, or 14. 

Next, the ventricular markers from the Micra device will be searched for long intervals.  To accomplish 
this, the programmed lower rate interval will be computed by converting column 3 (C) to seconds by 
dividing 60 by the value in column 3 (C).  Next, the difference in seconds between the current ventricular 
event and the next ventricular event will be calculated (i.e. the V-V interval).  If this value exceeds twice 
the programmed lower rate interval and there is no telemetry dropout (i.e. column 4 (K) = 0) the event 
will be flagged for further investigation.  

Similarly, the ventricular rate in seconds from one ventricular event to the next will be calculated and 
used to determine if the rate exceeds 100 bpm (0.6 seconds).  If the time from the first ventricular event 
with a rate exceeding 100 bpm to the last ventricular event with a rate exceeding 100 bpm is greater 
than 3 minutes, the sequence of events will be marked for further investigation.  Note that the 
ventricular rate associated with ventricular events where there is evidence of telemetry dropout (i.e. 
column 4 (K) = 1) will not be computed and the ventricular event will be ignored when computing the 
duration of rates exceeding 100 bpm.  This strategy makes the implicit assumption that the higher rate 
continues through the telemetry dropout period unless the next pair of ventricular events has a rate 
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AV conduction, or other predominant rhythm).  Fisher’s exact test will be used to identify differences 
between subgroups. 

7.5.4.5 Sample Size Calculation 
A sample size of 70 subjects with usable Holter telemetry data during the MARVEL 2 study procedures 
provides at least 90% power to test the primary safety hypothesis given the following assumptions: 

1. One-sided type I error rate = 0.025 

2. Single test of a proportion after all enrolled subjects have had an opportunity to complete the 
MARVEL 2 study procedures and have had their Holter data evaluated. 

3. The proportion of subjects meeting the primary endpoint in the MARVEL 2 pacing mode will 
exceed 98%. 

Justification of Sample Size Assumptions 

It is expected that all (100%) subjects will meet the primary safety endpoint.  Specifically, in the MARVEL 
study, no pauses exceeding two cardiac cycles (as defined by the lower pacing rate interval) and no 
oversensing induced tachycardia exceeding three minutes were observed. 

7.5.4.6 Determination of Subjects/Data for Analysis 
All available Holter recordings (including multiple recordings for subjects evaluated at multiple visits 
following initial Micra implant) with usable telemetry during MARVEL 2 adaptive mode will be included 
in the analysis.   

7.5.4.7 Missing Data and Sensitivity Analyses 
The primary source of missing data for this objective is anticipated to be Holter usability status and 
telemetry dropout during MARVEL adaptive mode pacing.  Note that both sources of missing data can 
plausibly be assumed independent of primary safety endpoint status as Holter usability status is 
primarily related to electrode contact.  However, to quantify the amount of missing data, the number of 
unusable Holter files and the proportion of beats during MARVEL 2 operation with telemetry dropout 
will be computed.     

If Holter data from subjects who had the MARVEL 2 software downloaded is missing (e.g. deemed 
entirely unusable, Holter never placed on subject), it will be included in a tipping point analysis to 
determine the sensitivity of the statistical inference to the missing data.  If the tipping point is less than 
the number of subjects with missing data, stochastic methods may be employed to aid in interpreting 
the likelihood the tipping would be achieved.  Specifically, simulations from a Beta distribution with 
shape parameters based on the observed data will be used to compute the predictive probability of 
observing or exceeding the tipping point. 

 Secondary Objective 
Demonstrate an increase in stroke volume, as measured by left ventricular outflow tract velocity time 
integral, with the MARVEL 2 software relative to VVI pacing in subjects with normal sinus node function 
and persistent 3rd degree AV block. 
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Figure 10: LVOT VTI (cm) During VVI Mode and MARVEL Adaptive Mode (MARVEL Study) 

 
Note: Error bars represent 95% confidence intervals for mean LVOT VTI by pacing mode (right panel) or in mean paired LVOT 
VTI value differences during MARVEL adaptive pacing relative to VVI pacing.  
 

Power Calculation 

As the sample size for the primary efficacy objective determines the number of subjects with normal 
sinus node function and persistent 3rd degree AV block with usable Holter data that are required for the 
study (at least 35 subjects), the power to reject the null hypothesis for the secondary objective was 
determined for a number of sample sizes as the protocol does not preclude study investigators from 
enrolling a higher number of subjects with normal sinus node function and persistent 3rd degree AV 
block nor account for the potential of missing echocardiogram data due to reasons such as improper 



MARVEL 2 Statistical Analysis Plan 
 

Form 

18 March 2019 Version 1.0 Page 37 of 51 

 

 
This document is electronically controlled Medtronic Controlled Information 056-F286, Statistical Analysis Plan Template 

Version A 

echocardiogram image acquisition, equipment malfunction, or subject refusal.  The following 
assumptions were made for all power calculations: 

1. Two-sided type I error rate = 0.05 

2. Single analysis after all enrolled subjects have had an opportunity to complete the MARVEL 2 
study procedures and have had their Holter data evaluated 

3. Each subject will have paired echocardiogram available for analysis in both the MARVEL 2 
adaptive mode and in VVI mode 

4. The paired difference in LVOT VTI is normally distributed with a mean of 2.1 cm and a standard 
deviation of 3.8 cm in the population of potential patients with normal sinus node function and 
persistent 3rd degree AV block 

5. A paired t-test will be the primary test statistic 

Table 2 displays the study power for both the paired t-test and for the Wilcoxon Signed-Rank test when 
there are 30, 35, and 40 subjects with normal sinus node function and persistent 3rd degree AV block 
observed during Holter monitoring.  Although the pre-specified analytical method to evaluate the null 
hypothesis will be the paired t-test, the Wilcoxon Signed-Rank test may be used as a sensitivity analysis 
if there is strong evidence the difference in LVOT VTI is not normally distributed. 

Table 2: Power to Reject the Null Hypothesis for the Secondary Objective 

Sample Size1 Statistical Method2 Power (%) 

30 
Paired t-test 83.3 

Wilcoxon Signed-Rank 80.5 

35 
Paired t-test 88.8 

Wilcoxon Signed-Rank 86.8 

40 
Paired t-test 92.6 

Wilcoxon Signed-Rank 91.3 
1Number of subjects with paired LVOT VTI data available for analysis. 
2Power for Wilcoxon Singed-Rank test based on the population LVOT VTI having an underlying normal 
distribution. 

 

7.5.5.6 Determination of Subjects/Data for Analysis 

All subjects with normal sinus node function and persistent 3rd degree AV block during Holter 
monitoring and with paired LVOT VTI measurements during MARVEL 2 adaptive pacing and VVI pacing 
will be included in the analysis.  Note that as long as a subject’s predominant rhythm can be determined 
from the Holter recording, the subject may be included in this analysis as determination of predominant 
rhythm does not require device marker channel. 

For de novo subjects, only echocardiogram data collected at the pre-hospital discharge visit will 
contribute to the analysis of the secondary objective.  However, if a de novo subject is missing paired 
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7.7 Changes to Planned Analysis  
Any deviation from the analyses described in the statistical analysis plan and a justification for making 
the change, will be described in the clinical study report. 
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