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1.  SYNOPSIS OF TRIAL DESIGN AND PROCEDURES 
1.1 Purpose of the Statistical Analysis Plan 

This statistical analysis plan (SAP) is intended to provide a detailed and comprehensive description 
of the planned methodology and analysis to be used for Protocol 16-517, the TRILUMINATE Trial. 
This plan is based on the Version 2.5, August 13, 2018 study protocol.  
 
1.2 Trial Objectives 

To evaluate safety and effectiveness of the Tricuspid Valve Repair System (TVRS) in patients with 
symptomatic moderate or greater tricuspid regurgitation (TR) who are deemed appropriate for 
percutaneous transcatheter intervention by the site heart team. 
 
1.3 Trial Design 

The TRILUMINATE Trial is a prospective, single arm, multi-center study of the TVRS for treating 
symptomatic moderate or greater TR in patients currently on medical management and who are 
deemed high-risk for tricuspid valve surgery and appropriate for percutaneous transcatheter 
intervention.   

A minimum of 85 subjects will be prospectively enrolled and undergo the TVRS procedure in up to 
25 sites, in Europe, Canada and the United States: 

• A clinical report will be included as part of the submission for CE Mark and other regulatory 
submissions, as appropriate. 

• Each site is capped at 21 (25%) analysis subjects. 

• Maximum of 35 subjects will be enrolled and undergo the TVRS procedure in up to 5 US 
sites. 

All subjects will have scheduled office visit evaluations at baseline, discharge, 30 days, 6 months, 1 
year, 2 years, and 3 years.  

 

The US subjects enrolled into the TRILUMINATE Protocol (#16-517) will receive additional follow-up 
assessments at 4 years (±28-days) and 5 years (±28-days) post-procedure.  The subject may 
perform the follow-up with a phone interview with the investigational site, or with visits as deemed 
clinically warranted by the site investigator. 
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1.3.1 Primary Endpoints 

The primary effectiveness endpoint is echocardiographic TR reduction at least 1 grade at 30 days 
post-procedure, to be tested against a pre-specified performance goal.  

The primary safety endpoint is a composite endpoint of Major Adverse Event (MAE) at 6-months to 
be evaluated against a pre-specified performance goal.   

MAE is defined as a composite of:  
• Cardiovascular Mortality,  
• MI,  
• Stroke,  
• New onset renal failure,  
• Endocarditis requiring surgery, and  
• Non-elective Cardio-Vascular (CV) surgery for TVRS device-related AE post-

procedure. 
    
1.3.2 Secondary Endpoints 
1.3.2.1 Acute Secondary Endpoints 

• Acute Procedural Success (APS):  Successful implantation of the Clip resulting at least 1 
grade reduction in TR severity as determined by the Echocardiography Core Laboratory 
(ECL) assessment of a discharge echocardiogram (30-day echocardiogram will be used if 
discharge echocardiogram is unavailable or uninterpretable). Subjects who die or undergo 
tricuspid valve surgery before discharge are an APS failure. 

• Acute Device Success:  Successful access, delivery of the Clip and removal of device 
delivery system.  Successful delivery of the Clip is the deployment of the device as planned, 
with no additional unplanned surgery or re-intervention related to the device or access 
procedure. 

• Implant Success Rate: Successful delivery and deployment of the Clip(s) with achievement of 
leaflet approximation(s) and retrieval of the delivery catheter. 

• Total Procedure Time: Total Procedure Time is defined as the time elapsed from the first of 
any of the following:  intravascular catheter placement or trans-esophageal echocardiogram 
(TEE), to the removal of the last catheter and TEE. 

• Device Time: Device time is defined as the time the Steerable Guide Catheter is placed in the 
right atrium until the time the TVRS Delivery System is retracted into the Steerable Guide 
Catheter. 
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• Fluoroscopy Duration:  Fluoroscopy duration is defined as the duration of exposure to 
fluoroscopy during the TVRS procedure. 

• Length of hospital stay for the index TVRS procedure 

• Location to which subject was discharged (home, home health or another facility) 

o If subject discharged to another facility, length of stay at facility to which subject was 
discharged 

 
1.3.2.2 Clinical Composite Endpoints 

• MAE at discharge, 30 days,1 year, 2 years and 3 years 
 
1.3.2.3 Clinical Components Endpoints 

• Clinical Endpoints will be assessed at 30 days, 6 months, 1 year, 2 years and 3 years: 

o Components of MAE 

o All-cause mortality  

o NYHA Functional Class  

o Tricuspid valve surgery (including type of surgery), 

o New use of any cardiac rhythm management devices (Pacemakers, ICDs, and CRT), 
including reason for intervention 

o Additional TVRS intervention and reason for intervention 

• Additional Clinical Endpoints: 

o Mode of Clip anchoring of coapted leaflets (anterior, posterior and/or septal) at 
procedure 

o Major bleeding at 30 days 

o Pulmonary Thromboembolism at 30 days 

o New Onset Renal Failure at 30 days and 6 months 

o New Onset Liver Failure at 30 days and 6 months 

o New onset atrial fibrillation at 30 days, 6 months and 1 year. 

o Change in diuretic(s) used at 30 days, 6 months, and 1 year (as compared to 
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baseline) 

 

1.3.2.4 Patient Reported Endpoints 

Patient-reported Quality of Life (QoL) and Health Economics and Outcomes Research (HEOR) 
Endpoints: at baseline, 30 days, 6 months, 1 year, 2 years and 3 years*: 

o Distance walked in the 6-Minute Walk Test (6MWT distance or 6MWD, excluding 30 
day)  

o Kansas City Cardiomyopathy Questionnaire (KCCQ) QoL scores  

o Short Form Health Survey (SF-36) QoL scores  

o Number and duration of re-hospitalizations and reason for re-hospitalization (i.e., 
heart failure, cardiovascular, non-cardiovascular) 

 *Actual rates/scores and the relative change from baseline to each follow-up time point. 

 Note: As applicable to patients in the US trial sites, it is anticipated that the patients enrolled in  

 the TRILUMINATE trial will be U.S. Medicare beneficiaries age 65 and over. 
 
1.3.2.5 Device or Procedure-Related Adverse Events 

Prevalence of Device or Procedure-Related Adverse Events 

Device or procedure-related adverse events will be broken down into those that occur within 30 days 
of the procedure and those that occur after 30 days of the procedure.  Examples of device-related 
adverse events are: 

o Myocardial perforation 

o Damage to tricuspid valve apparatus 

o Access Site bleeding requiring surgery 

o Non-vascular bleeding 
  
1.3.2.6 Echocardiographic Endpoints 

Echocardiographic endpoints will be assessed by the Echocardiography Core Laboratory (ECL) and 
reported at baseline, discharge, 30 days, 6 months, 1 year, 2 years, and 3 years post-implantation 
(unless indicated).   
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o TR Severity Grade  

o Effective Regurgitant Orifice Area (EROA) 

o Regurgitant Volume 

o Regurgitation Jet Area 

o Vena Contracta Width 

o Proximal Isovelocity Surface Area (PISA) Radius 

o Inferior Caval Vein Diameter  

o Tricuspid Annular Diameters (Antero-P and S-L) 

o Tricuspid Annular area 

o Tricuspid Valve Area 

o Tenting Area (At baseline only) 

o Tenting Distance (At baseline only) 

o Tricuspid Leaflet Tethering Distance (At baseline only) 

o Right Ventricular End Diastolic Dimension (RVEDD) 

o Right Ventricular End Systolic Dimension (RVESD) 

o Right Ventricular Fractional Area Change 

o Right Ventricular Systolic Pressure (RVSP)  

o Right Atrial Volume 

o Tricuspid Annular Plane Systolic Excursion (TAPSE) 

o Right Ventricular Free Wall Strain 

o Mean Tricuspid Valve Gradient 

o Cardiac Output 

o Forward Stroke Volume (Left Ventricle) 

o Left Ventricular Ejection Fraction (LVEF)  

o Single Leaflet Device Attachment 

o Embolization of the TVRS Clip or TVRS System components 
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o Tricuspid Valve Stenosis 
 
1.3.3 Exploratory Endpoints  
 
Right Heart Catheterization: Right heart catheter measurements at: 

o Immediately before TVRS procedure: Measurements to include: right atrial a-wave/v-
wave, right atrial and ventricular pressures, pulmonary resistance, PA pressures and 
cardiac output),   

o Post-procedure Right Atrial Catheterization, immediately after TVRS procedure (right-
atrial a-wave/v-wave, right atrial pressure) 

 

1.3.4 Analyses for Labeling Purposes  

Any pre-specified endpoints of the trial may be considered for labeling.  
 
1.4 Analysis Populations 

Subjects who have a signed and dated Informed Consent form are considered enrolled in the study. 
The primary analysis population (PAP) is defined as enrolled subjects who have an attempted TVRS 
procedure upon femoral vein puncture.  

In addition, analysis will be performed on the Per-Treatment Evaluable (PTE) population, which is 
defined as enrolled subjects who have at least one TVRS Clip deployed and implanted. Subjects 
who have only one TVRS Clip implanted and resulted in a single leaflet device attachment (SLDA) 
per investigator’s assessment will be excluded from the PTE population; Subjects who have TVRS 
procedure attempted but no TVRS Clip implanted will be excluded from the PTE population.  

Adverse events collected on screen failure patients or in those who are enrolled but have not 
attempted TVRS procedure, upon femoral vein puncture, will be reported separately.   
 
1.5  Sample Size/Power Calculation 
1.5.1 Primary Effectiveness Endpoint 

The sample size of this trial is determined based on the primary effectiveness endpoint of 
echocardiographic TR reduction at least 1 grade at 30 days post-procedure.  This endpoint will be 
tested against a pre-specified performance goal.  
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True Success Rate Assumption 

To ensure the trial is adequately powered, the expected success rate of TR reduction at least 1 
grade (success rate) at 30 days needs to be estimated. The early clinical trial conducted to evaluate 
the MitraClip therapy for the percutaneous reduction of MR (Mitral Regurgitation) severity is 
considered. As there were no prior TVRS regulatory clinical trials performed prior to TRILUMINATE, 
it was deemed appropriate to consider the EVEREST I Feasibility trial to evaluate effectiveness for 
this trial. Other MitraClip trials, such as EVEREST II, were also considered, but it was deemed that 
the overall learning from the prior study accounts for the observed success rates. The EVEREST I 
Feasibility trial was the first prospective, multi-center, non-randomized trial to evaluate the 
preliminary safety and effectiveness of the percutaneous MitraClip System in patients with 
symptomatic moderate to severe (3+) or severe (4+) MR in surgical candidates. In the EVEREST I 
clinical trial, 55 subjects with moderate-to-severe (3+) or severe (4+) MR were enrolled. The 
observed rate of at least 1 MR grade reduction at 30 days was 85% (39/46) with a lower 95% 
confidence bound of 71% (See Table 1 below). The lower 95% confidence bound (71%) is 
considered to estimate the true rate to account for the variability of the estimation in a sample size of 
55 in the EVEREST I. The true rate of at least 1 MR grade reduction at 30 days with the first usage 
experience of MitraClip can be as low as 71%.  

 
Table 1: EVEREST I MR Reduction Rate 

Time Point ≥ 1 Grade MR Reduction (%) 95% CI 
30-Day 84.7% (39/46) [71%, 94%] 

 

Additionally, as the tricuspid valve anatomy is significantly different from the mitral valve, thus the 
clipping strategy and the response of the valve to the clip may differ. Hence, additional 10% was 
taken off from the lower confidence bound of 71% in EVEREST I and assume the true rate of at 
least 1 TR grade reduction at 30 days to be at least 60%.  

 
Furthermore, the published off-label MitraClip cases in the treatment of tricuspid regurgitation have 

been considered. Results from two publications and one presentation are listed below. The first two 

publications were described in the TRILUMINATE Protocol Section 2.1.3. 

 

   Table 2: Off-label MitraClip Cases MR Reduction Rate 
Publications/Presentation Estimated Rate of at least 1 

TR Reduction 
95% Confidence Interval 
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Nickenig2 et al (n = 64) 91% (58/64) at post-procedure [80%, 96%] 
Braun3 et al (n = 18) 89% (16/18) at 30-day follow-up [65%, 98%] 
Lurz4 et al (n = 42) 94% (35/37) at post-procedure [81%, 99%] 
Note: Lurz et al presentation did not provide the actual result of at least 1 TR reduction.  The rate and corresponding confidence 
interval were estimated conservatively based on the information presented.  
 

Because the number of subjects in the above three references are relatively small, the lower 95% 

confidence bounds are used to account for the variability of estimating the true rate in each study. 

The average of the lower confidence interval is approximate 75%. This estimated rate is similar to 

the estimated rate from the EVEREST I (71%).  

 

Additionally, the true rate is assumed to be lower than the estimated 75%, because: 

a) the physician experience from various sites across 25 TRILUMINATE sites from EU, US 

and Canada will not be as great as those performing the off-label TR cases in the three 

referenced above. The off-label cases were often conducted at centers with most 

MitraClip experience and thus most likely achieved optimal results.  

b) the published results of TR reduction were mostly at post-procedure. The results of TR 

reduction at 30 days are limited.  

c) variation in TR grade assessment between echocardiographic core lab (ECL) and site 

assessment. The assessment of MR grade reduction between ECL and sites was 

compared based on EVEREST II REALISM study. The estimated difference ranged from 

4% to 12% lower for ECL as compared to site reported MR grade reduction.  A similar 

result may be expected in the TR cases. The TR grade reduction data in the published 

off-label Mitraclip cases in the treatment of tricuspid regurgitation were based on site 

assessment. Therefore, a slightly lower rate may be expected when ECL is utilized in the 

clinical trial. 

 

In summary, both EVEREST I and MitraClip TR off-label cases results support the assumption that 

the true success rate of TR reduction of at least 1 grade at 30 days is estimated as 60% or higher. 

 

Performance Goal (PG) 

A Performance Goal (PG) of 35%, which is determined on the basis of clinically meaningful 
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improvement of outcome using TVRS over medical therapy, for this specific patient population in the 
TRILUMINATE trial, is considered appropriate to evaluate the success rate of TR reduction. It is not 
expected that patients on medical therapy will experience a TR grade reduction, as many have been 
on medical therapy for considerable lengths of time and some are “failing” the therapy (i.e. zero 
improvement). A minimal improvement for 35% of the patients in this trial is not trivial. In the 
literature, physician/clinicians have generally considered the range between 25% - 50% to be 
clinically meaningful improvement depending on therapeutic areas and type of endpoints. Assuming 
a 0% success rate for medical therapy (i.e. zero improvement), the treatment effect for TVRS is 
expected to have a 35% improvement over medical therapy. It is generally considered clinically 
acceptable criteria for patients without alternative treatment option to reduce TR by physicians. 
Therefore, the target success rate (performance goal) is set at 35%, which means the lower one-
sided 97.5% confidence bound of the observed success rate needs to be above the performance 
goal to meet the success criteria.  

The PG of 35% as a clinically meaningful improvement was discussed and agreed by the advisory 
board, physician meetings, consultation with physicians from different geographies, including 
physicians who have experience treating TR using MitraClip.  

 

Sample Size/Power Calculation 

The statistical hypotheses for the primary efficacy endpoint are as follows: 

H0: P ≤ 35% vs. H1: P > 35%, 

where P is proportion of subjects with at least one grade of TR reduction at 30 days.  

The sample size calculation for the primary endpoint success rate at 30 days is based on the 
following assumptions: 

• Expected primary endpoint success rate at 30 days = 60% 

• Performance Goal = 35% 

• One-sided type I error rate = 2.5% 

• Exact binomial test 

Based on the above assumptions, a total of 75 subjects will provide at least 95% power to conclude 
that the primary effectiveness endpoint meets its performance goal. Assuming approximately 10% 
attrition rate at 30 days due to missing TR assessment as a result of death, withdrawal, loss to 
follow-up or unreadable echo images, a total of 85 subjects will undergo the TVRS procedure. 
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Power calculations were performed using Power Analysis and Sample Size (PASS) 11 Software 
(Hintze, J., 2011, NCSS, LLC. Kaysville, Utah)5.     
 
1.5.2 Primary Safety Endpoint: 

The primary safety endpoint of MAE rate at 6 months will be tested against a pre-specified 
performance goal.  

 

True Rate Assumption 

The safety of MitraClip in the treatment of patients with mitral regurgitation has been demonstrated 
in a series of EVEREST trials. To estimate the MAE rate at 6 months and derive the performance 
goal for subjects treated with TVRS device, the early clinical trial conducted to evaluate the safety of 
MitraClip therapy in Mitral Valve were considered (EVEREST I, EVEREST II RCT, EVEREST High 
Risk Registry). The safety profile of TVRS in the treatment of patients with tricuspid regurgitation is 
expected to be comparable to the safety outcomes in the mitral valve space. The estimated major 
adverse event (MAE) rate of MitraClip at 6 months was leveraged in the EVEREST II High Risk 
Registry study to account for a similar patient characteristics of high risk surgical cohort. For the 
evaluation of safety events, the components of MAE defined in the TRILUMINATE study are 
correlated with patients’ baseline demographics (e.g. age) and co-morbidity risk factors. 

First, baseline characteristics and co-morbidities were compared among the EVEREST I, EVEREST 
II RCT and EVEREST HRR studies (Table A.1 in the Appendix A). Table A.1 shows that the patients 
in EVEREST II HRR were older patients with higher prevalence of co-morbidity, previous 
cardiovascular interventions, worse NYHA functional class and Quality of Life scores, and severe 
baseline MR and LV measurement. 

Next, baseline demographics and co-morbidities were compared for the patients who received off-
label/compassionate use of MitraClip in the treatment of tricuspid regurgitation (Table A.2 in the 
Appendix A). The same three references were considered as in Table 2 above. Table A.2 presents 
baseline demographics and co-morbidities for the off-label cases. Although baseline characteristics 
were not reported consistently across the 3 references, the summary results in Table A.2 show that 
the patients treated with MitraClip system for tricuspid regurgitation had mean age of 77 years, high 
prevalence of co-morbidities, worse NYHA Functional Class (III or IV), and worse measurements of 
LV and RV function.    
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The high surgical risk patients enrolled in the EVEREST II High Risk Registry (HRR) study had 
similar baseline characteristics and co-morbidities as the patients to be enrolled in the 
TRILUNIMATE trial. It is deemed to be reasonable to estimate the expected true MAE rate at 6 
months for TR patients based on the EVEREST II HRR results given that 6 months follow-up data for 
the MitraClip TR off-label cases are not available thus far. The EVEREST II HRR was a second arm 
of the EVEREST II study enrolling patients with symptomatic moderate to severe or severe chronic 
MR. In the EVEREST II HRR trial, 78 high surgical risk patients with moderate-to-severe (3+) or 
severe (4+) chronic MR were enrolled. The observed MAE rate at 6 months was 17.6% (13/74), with 
95% confidence bound [9.7%, 28.2%]. 

  

Based on the consideration of the more complex valve anatomy of tricuspid, the expected longer 
procedure time due to three-leaflet clipping strategy, and the learning curve of physicians in 
treatment of the tricuspid valve, the true MAE rate at 6 months for TR patients is expected to be 
higher than the rate observed in the EVEREST II HRR. With additional 5% (approximate half 
distance between the observed rate of 17.6% and the upper 95% confidence bound of 28.2%), the 
expected true MAE rate at 6 months in the TRILUMINATE trial is assumed at 17.6% + 5% = 22.6%, 
rounding up to 23%. 

Performance Goal 

As mentioned above, the high surgical risk patients enrolled in the EVEREST II HRR study had 
similar baseline characteristics and co-morbidities as the patients to be enrolled in the 
TRILUNIMATE trial. The observed MAE rate at 6 months in the EVEREST II HRR study was 17.6% 
(13/74), with a 95% confidence bound of [9.7%, 28.2%]. To demonstrate the safety of TVRS 
comparable to the MitraClip in the mitral valve, the observed MAE rate at 6 months in the 
TRILUMINATE trial should be controlled under the upper confidence bound (28.2%) in the 
EVEREST II HRR study. The performance goal of 39% for the primary safety endpoint of MAE 
ensures that for an effective size of 75 patients (to account for attrition rate of approximately 10% to 
evaluate the primary safety endpoint at 6 months), the maximum number of observed MAE events to 
pass the primary safety endpoint should be 20 events (26.7%) or less, which is lower than the upper 
confidence bound (28.2%) in the EVEREST II HRR study. The maximum number of 20 events out of 
75 patients is deemed to be clinically acceptable by physicians/clinicians for this specific patient 
population with high risk factors of co-morbidities. 

Furthermore, the expected risk of a severe event (death or cardiac transplantation or left ventricular 
assist device implant) at 6 months in patients with moderate or greater TR is high, and ranges from 
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approximately 28% (Nath et al6.) to 40% (Neuhold et al7.). Hence, a PG of 39% for the combined 
safety endpoint of cardiac death, myocardial infarction, stroke, new onset renal failure, Endocarditis 
requiring surgery, and non-elective CV surgery for TVRS device-related AE post-procedure is a 
clinically appropriate PG that will permit valid conclusions on the device performance.   

 

Power Calculation 

The statistical hypotheses for the primary safety endpoint are as follows: 

H0: P ≥ 39% vs.  H1: P < 39%, 

where P is the MAE rate at 6 months.  

The power calculation for the primary safety endpoint of MAE at 6 months is based on the following 
assumptions 

• Expected the true MAE rate at 6 months   = 23% 

• Performance Goal = 39% 

• One-sided type I error rate = 2.5% 

• Exact binomial test  

Based on the above assumptions, a total of 75 subjects will provide approximately 82% power to 
conclude that the MAE rate at 6 months meets its performance goal. Assuming a 10% attrition rate 
(due to withdrawal, lost to follow-up, or non-cardiovascular death without an MAE) at 6 months, a 
total of 85 subjects will undergo the TVRS procedure. 

It should be noted that in order to meet the performance goal, the maximum number of subjects with 
MAE events at 6 months is 20 out of 75 (26.7%).  

Power and sample size calculations were performed using PASS 2011 (Hintze, J., 2011, NCSS, LLC. 
Kaysville, Utah)5. 

 
 
2. ANALYSIS CONSIDERATIONS 
2.1  Statistical Methods  

Descriptive analysis will be performed to summarize baseline, echocardiographic, clinical and safety 
event data.  Depending on the type of data (e.g., continuous or categorical), statistical methods 
described in the following sections will be used.  
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2.1.1 Descriptive Statistics for Continuous Variables 

For continuous variables such as age, results will be summarized with the numbers of observations, 
means, and standard deviations, and, if specified in the table mockups, with quartiles, minimums, 
maximums, and 95% confidence intervals for the means. Differences between two groups, where 
specified, will be summarized with differences of the two means, and 95% confidence intervals for 
the difference between the means. These calculations will be done under the assumption that the 
data for the two arms are independent and approximately normal in distribution. The confidence 
interval for the difference of two means will be calculated under the assumption of unequal 
variances. If the asymptotic assumptions fail, then nonparametric summary statistics (medians, 25th 
and 75th percentiles) may be displayed as an alternative.  

 

Formulas for calculation of the confidence intervals for the continuous variables are given below: 
1. 100(1- α)% Confidence Interval For A Single Mean8 
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2. 100(1-α)% Confidence Interval For The Difference of Two Means Under The Assumption Of 
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3. 100(1-α) % Confidence Interval for the Difference of Two Means under the Assumption of 
Unequal Variances between the Two Groups8 
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2.1.2 Descriptive Statistics for Categorical Variables 

For categorical variables such as gender, MAE, results will be summarized with subject counts and 
percentages/rates, and where specified in the table mockups, with exact 95% Clopper-Pearson8 
confidence intervals. Differences between two groups, if specified, will be summarized with the 
difference in percent and the Newcombe9 score 95% confidence interval for the difference of two 
percentages.  

For effectiveness and safety endpoint(s), relative risks (i.e., the ratio of rates), confidence interval for 
the relative risks, the difference in rates and the confidence interval for difference in rates (using 
previously-described formulas), and p-values may also be presented for hypothesis generating 
purposes. The p-values will be based on either Pearson’s Chi-square test or Fisher’s exact test by 
checking the expected frequency for each cell in the 2x2 contingency table against Cochran’s rule10, 
i.e., if the expected frequencies for all cells are ≥ 5, then Pearson’s Chi-square test will be used, 
otherwise Fisher’s exact test will be used. 

Site-reported and CEC-adjudicated AE through a timepoint is cut-off at the target days of that 
timepoint.  For example, events up to 30 days post index TVRS procedure will be included for the 
30-day visit and does not include the +14 days of visit window.  Similarly, site-reported and CEC-
adjudicated AE through 6 months was also cut-off at 180 days post index TVRS procedure and does 
not include the +28 days of visit window. 

For the determination of event rates at time points (e.g. 30 days), the counting starts from the time of 
enrollment.  

 

Formulas for calculating confidence intervals for the categorical variables are given below.  

1. 100(1-α) % Exact Clopper-Pearson Confidence Interval for A Single Proportion8 
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2. 100(1-α) % Newcombe Score Confidence Interval for the Difference of Two Proportions9 
 

a. 100(1-α) % Wilson Score Confidence Interval for A Single Proportion9 
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b. 100(1-α) % Newcombe Score Confidence Interval for the Difference of Two Proportions9 
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2.1.3 Hypothesis Testing 

Formal hypothesis testing is planned for the primary effectiveness and safety endpoints.   

The testing will be one-tailed. The null and alternative hypotheses will be of the following forms:  

 

Primary effectiveness endpoint: 

H0: Success Rate (e.g. At least 1 Grade TR reduction) ≤ PG 

H1: Success Rate (e.g. At least 1 Grade TR reduction) > PG 

Exact Test Statistic for Test against Performance Goal (35%) for Binary Endpoint: 

Let p0 be the performance goal and N the number of subjects, the test statistic r will be the number 
of observed events for the test arm, r is assumed to follow the binomial distribution with parameters 
N and p0, and the p-value is calculated as8:  

p = ∑
=
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






k
N

 represents the number of combinations of taking k objects 

out of N. 

The null hypothesis will be rejected (i.e., successfully passing the PG) if the p-value is calculated to 
be less than 0.025. 
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Primary safety endpoint: 
 

H0: MAE Rate at 6 months ≥ PG 
H1: MAE Rate at 6 months < PG 

The Kaplan Meier survival estimate, together with variance estimated by the Greenwood method, will 
be used to set up the test of the null hypothesis as a Z-test. The MAE rate at 6 months will be tested 
against a PG of 39%. The null hypothesis will be rejected at the 2.5% level of significance if the test 
statistic is less than -1.960. 
The test statistic is: 

( )P̂V̂

0.39  P̂ −
 

where P̂  is the Kaplan Meier estimate of MAE at 6 months. ( )P̂V̂  is the Greenwood estimate of the 
variance. 

As the trial was not powered to detect differences for variables other than the primary endpoints, p-
values presented for analyses other than these endpoints are for hypothesis generating purpose 
only. 

 

2.1.4 Survival Analyses 

Survival analysis will be conducted to analyze time-to-event variables, e.g. all-cause mortality. For 
analyses of clinical events (e.g. MAE) beyond 30-day follow-up, Kaplan-Meier11 estimate will be 
utilized.   

Subjects without events will be censored at their last known event-free time point. Survival curves 
will be constructed using Kaplan-Meier estimates. Summary tables for endpoints will include failure 
rates (Kaplan-Meier estimates), and confidence interval for the failure rates. 

 

2.1.5 Recurrent Event Analyses 

For recurrent event data such as recurrent heart failure hospitalizations at pre- and post-procedure, 
data may be analyzed using a generalized estimating equation model (GEE), such as Poisson 
regression model, with a p-value to measure the strength of evidence.  

To fit the GEE model, the input dataset will be prepared to include total hospital count and total 
follow-up time (in days) pre- and post- index procedure for each subject along with the indicator for 
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this time cutoff. 
 
2.2  Endpoint Analysis 
2.2.1 Primary Endpoint Analyses 
2.2.1.1 Primary Effectiveness Endpoint Analyses 

The primary analysis population for the primary effectiveness endpoint will be based on the PAP as 
defined on Section 1.4.  Success rate at 30 days together with a one-sided 97.5% lower confidence 
limit by Exact Clopper-Pearson method will be estimated and tested against a pre-specified PG of 
35%. The one-sided p-value of the exact binomial test will be compared to a significance level of 
0.025. The success rate will be estimated as the number of patient with TR reduction of at least 1 
grade divided by the number of patients with evaluable echo images assessed by ECL at 30-day 
visit.  

To show statistical significance, the one-sided 97.5% lower confidence limit of the success rate 
needs to be above the PG of 35%. 

The same analysis as above may be performed for the PTE population. 
 
2.2.1.2 Primary Safety Endpoint Analyses 

The primary analysis population for the primary safety endpoint is the PAP population. The MAE rate 
together with the one-sided 97.5% upper confidence limit at 6 months will be calculated and tested 
against a pre-specified PG of 39%. The Kaplan-Meier analysis will be used to compute the MAE rate 
at 6 months; the standard error and confidence limits will be computed using Greenwood’s method. 
Subjects who have not experienced any MAE event, and die due to non-cardiovascular cause within 
6 months, will be censored at the date of death. Subjects who have not experience any MAE event, 
and withdrew prior to 6 months, will be censored at the date of withdrawn. 

To show statistical significance, the one-sided 97.5% upper confidence limit of the success rate 
needs to be less than the PG of 39%. 

The same analysis as above may be performed for the PTE population. 
 
2.2.2 Secondary & Exploratory Endpoint Analyses 

Analyses of secondary and exploratory endpoints will be descriptive in nature and will be performed 
using the methods described in Section 2.1 for both the PAP and PTE populations.  
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2.3  Subgroups for Analysis 
2.3.1 US Patients 

Subgroup analyses on subjects from US sites will be performed on the PAP population for all 
endpoints with methodology as described in section 2.1. Further subgroup analysis may be 
performed for exploratory purpose. 
 
 
2.4  Handling of Missing Data 

All analyses will be based on available data with missing data excluded. Any unused or spurious 
data will be noted as appropriate in the final report. Sensitivity analysis for the primary safety and 
effectiveness endpoints will be performed to assess the impact of missing data on the results.  

Tipping point analysis described in Yan, Lee and Li (2009)12, on the primary effectiveness endpoint 
at 30 days and primary safety endpoint at 6 months will be conducted as a sensitivity analysis by 
including all subjects in the PAP population.  

If the primary effectiveness endpoint is statistically significant, then subjects who do not have 
evaluable echo image at 30-day visit due to death, withdraw, lost-to-follow-up, missed visit or 
unevaluable echo images will be analyzed one at a time as not having experienced at least 1 grade 
TR reduction. The primary effectiveness endpoint will be repeated each time with an updated p-
value of the hypothesis test.  

If the primary safety endpoint is statistically significant, then subjects who are censored in the 
analysis of MAE at 6-month due to withdraw, lost-to-follow-up, non-CV death will be analyzed one at 
a time as having experienced a MAE event on the date of censoring in a descending order of their 
censoring time. The primary safety endpoint will be repeated each time with an updated p-value of 
the hypothesis test.  

By progressively accounting for missing data one at a time, the sensitivity analysis explores the 
number of missing data to be accounted for at which conclusion from the primary analyses results 
will be altered. 
 

2.5  Adjustments for Covariates 

Unless otherwise specified, no adjustments for covariates will be made for any of the variables in the 
analyses.  
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2.6  Multiplicity Issues 

Both the primary effectiveness endpoint and the primary safety endpoint must be met for study 
success. Therefore, the overall Type I error rate of the study is conservatively controlled at 2.5% and 
there is no need to adjust the level of significance for multiplicity.  
 
2.7  Interim Analysis 

No formal interim analyses are planned for this trial. As such, no formal statistical rule for early 
termination of the trial is defined. Interim trial reports with descriptive analysis may be produced for 
regulatory or reimbursement purposes. 
 
2.8  Documentation and Other Considerations 

All analyses will be performed using SAS13 for Windows, version 9.2 or higher.  
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3. ACRONYMS AND ABBREVIATIONS  
 
Acronym or Abbreviation Complete Phrase or Definition 
AE Adverse event 

ALT Alanine aminotransferase  

AMI Acute myocardial infarction 

AST Aspartate aminotransferase  

APS Acute procedural success 

CE Conformité Européene (EU) 

CV  Cardiovascular 

CIP Clinical Investigation Plan (EU) 

EROA Effective Regurgitant Orifice Area 

6MWT 6 minutes walking test 

6MWD 6 minutes walking distance 

KCCQ Kansas City Cardiomyopathy Questionnaire 

SF-36 Short Form 36 

CRT Cardiac Resynchronization Therapy Device 

DMSRES Death/MI/Stroke/Renal failure/Endocarditis/non-elective cardiovascular 

ECL Echocardiographic Core Laboratory 

FDA Food and Drug Administration 

HEOR Health Economics and Outcomes Research 

HRR High risk registry 

ICD Implantable cardioverter-defibrillators 

LVEF Left ventricular ejection fraction 

MAE Major adverse event 

MR Mitral regurgitation 

MI Myocardial infarction 

N Sample size; also N 

PA Pulmonary Artery 

PAP Primary analysis population 

PG Performance goal 

PTE Per-Treated-Evaluable 

QoL Quality of life 

RVEDD Right Ventricular End Diastolic Dimension 
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Acronym or Abbreviation Complete Phrase or Definition 
RVESD Right Ventricular End Systolic Dimension 

RVEF Right Ventricular Ejection Fraction 

RVSP Right Ventricular Systolic Pressure 

SAE Serious adverse event 

SAP Statically analysis plan 

SLDA Single Leaflet Device Attachment 

TAPSE Tricuspid Annular Plane Systolic Excursion 

TEE Trans-esophageal echocardiogram 

TR Tricuspid Regurgitation 

TVRS Tricuspid Valve Repair System 

US United States 
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5. APPENDIX A 
 
Table A.1: Baseline Demographics and Co-morbidity of EVEREST I, EVEREST II RCT, and 
EVEREST High Risk Registry 
Characteristics EVEREST I 

(N=55) 
EVEREST II 
RCT (N=279) 

EVEREST HRR 
(N=78) 

AGE (year) 68.2 ±13.8 (55) 66.7±12.8 (279) 76.7 ±9.8 (78) 
Age Over 75 32.7% (18/55) 29.0% (81/279) 61.5% (48/78) 
Female 41.8% (23/55) 36.2% (101/279) 37.2% (29/78) 
Male 58.2% (32/55) 63.8% (178/279) 62.8% (49/78) 
Congestive Heart Failure (CHF) 54.5% (30/55) 86.4% (241/279)  100.0% (78/78) 
Coronary Artery Disease (CAD) 22.7% (10/44) 46.8% (130/278)  84.2% (64/76) 
Myocardial Infarction 12.7% (7/55) 21.7% (60/277)  55.8% (43/77) 
Angina 18.2% (10/55) 28.7% (78/272)  57.1% (44/77) 
Atrial fibrillation 39.6% (21/53) 35.6% (94/264)  61.6% (45/73) 
Cerebrovascular disease 10.9% (6/55) 6.8% (19/279)  17.9% (14/78) 
Peripheral vascular disease 1.8% (1/55) 8.2% (23/279)  18.2% (14/77) 
Cardiomyopathy NA 16.8% (47/279)  51.3% (40/78) 
Hyercholesterolemia 49.1% (26/53) 61.6% (170/276)  84.4% (65/77) 
Hyertension 72.7% (40/55) 74.6% (208/279)  89.7% (70/78) 
Diabetes 20.0% (11/55) 8.6% (24/279)  41.0% (32/78) 
Smoking within the last 30 days 10.9% (6/55) 8.2% (23/279)  2.6% (2/78) 
Moderate to Severe Renal Disease 0.0%(0/55) 2.9% (8/279)  23.1% (18/78) 
Peptic Ulcer disease 3.6% (2/55) 6.1% (17/278)  9.1% (7/77) 
CHRONIC PULMONARY DISEASE-COPD, %(n/N)    
    None 87.3% (48/55) 85.3% (237/278) 65.4% (51/78) 
   With home oxygen 1.8% (1/55) 1.8% (5/278) 10.3% (8/78) 
   Without home oxygen 10.9% (6/55) 12.9% (36/278) 24.4% (19/78) 
Stroke 1.8% (1/55) NA 10.3% (8/78) 
TIA 5.5% (3/55) NA 9.0% (7/78) 
CREATININE 1.1 ±0.4 (53) NA 1.8 ±1.3 (77) 
PREVIOUS CARDIOVASCULAR 
SURGERY, %(n/N) 

   

     Coronary artery bypass graft 10.9% (6/55) 20.1% (56/279)  55.1% (43/78) 
     Aortic valve surgery 1.8% (1/55) 1.4% (4/279)  3.8% (3/78) 
     Tricuspid valve surgery 0.0%(0/55) 0.0% (0/279)  0.0%(0/78) 
     Other cardiac surgery 3.9% (2/51) 1.8% (5/279)  9.0% (7/78) 
     Previous Percutaneous Intervention 29.1% (16/55) 21.2% (59/278)  38.5% (30/78) 
CARDIAC RTHYTHM DEVICE IMPLANT, %(n/N)    
     Both Pacemaker and ICD 0.0%(0/53) 12.3% (34/277) 0.0%(0/77) 
     CRT 0.0%(0/53) NA 0.0%(0/77) 
     ICD 0.0%(0/53) 6.9% (19/277) 13.0% (10/77) 
     Pacemaker 5.7% (3/53) 5.4% (15/277) 22.1% (17/77) 
     No devices 94.3% (50/53) NA 64.9% (50/77) 
NYHA FUNCTIONAL CLASS, %(n/N)    
      I 7.3% (4/55) 12.9% (36/279) 0.0%(0/78) 
      II 43.6% (24/55) 37.3% (104/279) 10.3% (8/78) 
      III 43.6% (24/55) 44.1% (123/279) 60.3% (47/78) 
      IV 5.5% (3/55) 5.7% (16/279) 29.5% (23/78) 
SF-36 Quality of Life, Mean±SD (N)    
     PCS NA 41.4±10.3 (242) 31.6 ±9.1 (73) 
     MCS NA 46.9±12.0 (243) 44.2 ±12.6 (73) 
LV MEASUREMENTS, Mean±SD (N)    
     LVEF 61.5 ±8.1 (52) 60.2±10.4 (277) 54.4 ±13.7 (78) 
     LVIDS 3.3 ±0.8 (50) 3.6±0.9 (275) 3.9 ±1.1 (78) 
     LVIDD 5.4 ±0.7 (47) NA 5.6 ±0.7 (78) 
     LVESV 67.0 ±26.5 (51) NA 79.9 ±42.7 (78) 
     LVEDV 169.0 ±41.6 (51) NA 166.5 ±50.7 (78) 
MR, %(n/N)    
     0: None 0.0%(0/54) 0.0% (0/279) 0.0%(0/78) 
     1+ - 2+: Mild to Moderate 0.0%(0/54) 0.4% (1/279) 0.0%(0/78) 
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     1+: Mild 0.0%(0/54) 0.0% (0/279) 0.0%(0/78) 
     2+: Moderate 5.6% (3/54) 5.0% (14/279) 1.3% (1/78) 
     3+: Moderate to Severe 38.9% (21/54) 70.6% (197/279) 76.9% (60/78) 
     4+: Severe 55.6% (30/54) 24.0% (67/279) 21.8% (17/78) 
MR ETIOLOGY, %(n/N)    
     DMR 83.6% (46/55) 73.4% (135/184) 41.0% (32/78) 
     FMR 16.4% (9/55) 26.9% (75/279) 59.0% (46/78) 
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Table A.2: Baseline Demographics and Co-morbidity for Patients who Received Off-
label/Compassionate Use of MitraClip Device in the Tricuspid Valve 
Characteristics Braun et al. 

(N = 18) 
Nickenig et al 

(N = 64) 
Lurz et al 
(N = 42) 

Age (year) 78 ± 7 76.6 ± 9.6 76.8 ± 7.3 
Female, n (%) 8 (44) 35 (55) 18 (43) 
EuroSCORE II, % 10 ± 8 27.8 ± 16.7 8.1 ± 5.7 
STS mortality score, % 5 ± 3 4.7 ± 4.6 4.4 ± 2.5 
NYHA Functional Class, n (%)    
     II 0 (0) 4 (6) 4 (10) 
     III 12 (67) 47 (73) 32 (78) 
     IV 6 (33) 13 (20) 6 (14) 
NT‐proBNP (pg/mL) 13,180 ± 30,634 5528.4 ± 5938.8 2825 (1954‐6624) 
Creatinine levels, mg/dl NA 1.5 ± 0.7 1.45 ± 0.67 
GFR, ml/min NA 48.7 ± 19.7 43.2 ± 15.0 
GOT, μmol/l NA 34.5 ± 15.6 0.51 ± 0.30 
GPT, μmol/l NA 26.3 ± 20.0 0.37 ± 0.22 
yGT, μmol/l NA 144.3 ± 173.3 2.23 ± 1.98 
Mitral regurgitation grade III or IV, n 
(%) 

   

     Moderate to severe 10 (56) 4 (6) 26 (62) 
     Severe 2 (11) 20 (31) NA 
Tricuspid regurgitation grade    
     III   9 (50) 8 (12) 31 (74) 
     IV 8 (44) 56 (88) 4 (10) 
LVEF 43 ± 4 46.9 ± 13.9 NA 
Impaired LV function (LVEF <45%) NA NA 18 (43) 
RV function 16 ± 3 16.9 ± 5.8 NA 
Impaired RV function (TAPSE <16) NA NA 21 (50) 
Previous myocardial infarction NA 14 (22) 4 (10) 
Previous PCI 6 (33) 25 (39) 10 (24) 
Previous bypass surgery 4 (22) 26 (40)1 5 (12) 
Previous valve interventions/surgery NA 21 (33) 4 (10) 
Chronic pulmonary disease 3 (17) 18 (28)2 9 (21) 
Persistent atrial fibrillation, n (%) NA 54 (84)3 39 (93) 
Hypertension NA 47 (73) 40 (95) 
Diabetes mellitus NA 19 (30) 22 (52) 
Cerebrovascular disease NA 12 (19)4 5 (12) 
Fatigue NA 44 (69) 20 (48) 
Dyspnea NA 61 (95) 42 (100) 
Abdominal bloating NA 16 (25) 11 (27) 
Ascites NA 14 (22) 12 (29) 
Peripheral Edema NA 39 (61) 30 (71) 

1 Reported as previous cardiac surgery in the publication 
2 Reported as chronic obstructive pulmonary disease in the publication 
3 Reported as atrial fibrillation/atrial flutter in the publication 
4 Reported as neurological disease in the publication 
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