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PROTOCOL SUMMARY 
  

Title REDUCE LAP-HF RANDOMIZED TRIAL I:  
A study to evaluate the Corvia Medical, Inc. IASD® System II to REDUCE Elevated Left 
Atrial Pressure in Patients with Heart Failure 

Medical device IASD® System II 
Purpose The primary objective of this randomized controlled clinical study is to evaluate the peri-procedural 

safety and potential effectiveness (mechanistic effect) of implanting the IASD System II in heart failure 
patients with an LV ejection fraction 40%, elevated left sided filling pressures, and who remain 
symptomatic despite optimal Guideline Directed Medical Therapy (GDMT). Clinical outcomes will also 
be evaluated. A subset of the results of this study will be used to facilitate design of the U.S. pivotal 
trial. 

Proposed Indication The Corvia Medical Inter-Atrial Shunt Device (IASD®) System II is indicated for the improvement in 
quality of life and reduction of heart failure related symptoms and events in patients with heart failure 
with preserved or mildly reduced ejection fraction (HFpEF) with elevated left atrial pressures, who 
remain symptomatic despite optimal GDMT. 

Trial Design Multicenter, Prospective, Randomized Controlled, Single (patient) Blinded Trial, with Non-implant 
Control group; 1:1 randomization.  Patients will be followed for 1 year, and annually every 12 months 
for a total of 5 years after index procedure and implant.   
 
After qualification, including supine bicycle exercise testing, eligible patients are randomized to the 
treatment or control group.  Patient randomization will be via Interactive Web Response System 
(IWRS).  All patients will be sedated, and both treatment and control arm patients will require femoral 
venous access after randomization.  
 
Patients randomized to the treatment arm will undergo a fluoroscopically and intra cardiac 
echocardiography guided trans-septal puncture and IASD® System II implant procedure.  Patients 
randomized to the control arm will undergo fluoroscopy and intra cardiac echocardiography, with 
examination of the atrial septum and left atrial appendage.   
 
Patients randomized to the control arm who meet criteria will be allowed to cross-over to the 
treatment arm at  12 months post-control procedure. Cross-over patients will then be followed for 5 
years after cross-over. 
 
Patient blinding will include earphones with music to preclude the patient from hearing the procedural 
discussions beginning after qualification, and prior to randomization. After randomization, patients will 
be shielded from viewing the imaging screens in the cardiac catheterization laboratory during the 
procedure. Research staff will be instructed to maintain patient blinding. 
 
Independent CEC, DSMB, and core laboratories will be utilized for retrospective data analysis and 
interpretation during this trial.  
The physicians managing the randomized patients, and research individuals involved in conducting 
selected post randomization evaluations; the Hemodynamic, and CPET core laboratories will be blinded 
to study arm.  
 
Refer to Table 7a for Guideline Directed Medical Therapy recommendations, Table 7b for required 
study medications, and Table 8a for required procedures/assessments. 

Enrollment Up to 100 subjects at up to 22 investigational sites in the U.S.; and up to 8 investigational sites OUS to 
randomize up to 60 patients and obtain 1 month hemodynamic follow-up. 

Estimated Start Date Q4 2015 
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Estimated Study 
Duration 

It is expected that up to 60 subjects will be randomized during the course of 8 months. Total study 
duration (including 12 months follow-up of crossover patients, after the time of cross-over) is expected 
to be 74 months. All patients, including cross-over patients will be followed for 1 year, and annually every 
12 months for a total of 5 years after index procedure and implant. 

Randomized Subject 
Population 

Up to 60 heart failure patients with preserved or mildly reduced LV ejection fraction who have elevated 
left sided filling pressures during exercise, and who are symptomatic despite optimal GDMT.  Patients 
will also be managed for comorbidities, such as coronary artery disease, hypertension, among others. 

Inclusion Criteria Candidates for the study must meet ALL of the following inclusion criteria: 
1. Chronic symptomatic heart failure (HF) documented by the following: 

a. New York Heart Association (NYHA) class III/ambulatory class IV symptoms  (Paroxysmal 
nocturnal dyspnea, orthopnea, dyspnea on mild or moderate exertion) at screening visit; 
or signs (Any rales post cough, chest x-ray demonstrating pulmonary congestion,) within 
past 12 months; AND 

b.  One hospital admission for which HF was a major component of the hospitalization, or a 
healthcare facility (emergency department/acute care facility) treatment with 
intravenous (IV) or intensification of oral diuresis for HF, within the 12 months prior to 
study entry; OR an NT-pro BNP value > 200 pg/ml in normal sinus rhythm, > 600 pg/ml in 
atrial fibrillation, or a BNP value > 70 pg/ml in normal sinus rhythm, > 200 pg/ml in atrial 
fibrillation within the past 6 months. 

2. Ongoing stable GDMT HF management and management of potential comorbidities according to 
the 2013 ACCF/AHA Guidelines for the management of Heart Failure (with no significant changes 
[>100% increase or 50% decrease], excluding diuretic dose changes for a minimum of 4 weeks 
prior to screening) that is expected to be maintained without change for 6 months. 

3. Age  40 years old 
4. Site determined LV ejection fraction  40% within the past 3 months, without previously 

documented ejection fraction <30% (within the last 5 years). 
5. Site determined elevated left atrial pressure with a gradient compared to right atrial pressure 

(RAP) documented by: 
a. End-expiratory PCWP during supine ergometer exercise  25mm Hg, and greater than RAP 

by  5 mm Hg.   
6. Site determined echocardiographic evidence of diastolic dysfunction documented by one or more 

of the following: 
a. LA diameter > 4 cm; or 
b. LA volume index > 28 ml/m2 or 
c. Lateral e’ <10 cm/s; or 
d. Septal e’ <8 cm/s; or 
e. Lateral E/e’ >10 ; or 
f. Septal E/e’ > 15 

7. Subject has been informed of the nature of the study, agrees to its provisions and has provided 
written informed consent, approved by the IRB or EC 

8. Subject is willing to comply with clinical investigation procedures and agrees to return for all 
required follow-up visits, tests, and exams  

9. Trans-septal catheterization and femoral vein access is determined to be feasible by site principal 
interventional cardiology investigator 

Exclusion Criteria Candidates for this study will be excluded if ANY of the following conditions are 
present: 
1. MI and/or percutaneous cardiac intervention within past 3 months; CABG in past 3 months, or 

current indication for coronary revascularization 
2. Cardiac resynchronization therapy initiated within the past 6 months  
3. Severe heart failure defined as one or more of the below: 

a. ACC/AHA/ESC Stage D heart failure, Non-ambulatory NYHA Class IV HF; 
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b. Cardiac index  < 2.0 L/min/m2  
c. Inotropic infusion (continuous or intermittent) within the past 6 months 
d. Patient is on the cardiac transplant waiting list 

4. Inability to perform 6 minute walk test (distance < 50 m), OR 6 minute walk test > 600m 
5. Known clinically significant un-revascularized coronary artery disease, defined as: epi-cardial 

coronary artery stenosis associated with angina or other evidence of coronary ischemia. 
6. History of stroke, transient ischemic attack (TIA), deep vein thrombosis (DVT), or pulmonary 

emboli within the past 6 months 
7. Known clinically significant untreated carotid artery stenosis.  
8. Presence of significant valve disease defined by the site cardiologist as: 

a) Mitral valve regurgitation defined as grade  3+ MR  
b) Tricuspid valve regurgitation defined as grade  2+ TR; 
c) Aortic valve disease defined as  2+ AR or > moderate AS 

9. Hypertrophic obstructive cardiomyopathy, restrictive cardiomyopathy, constrictive pericarditis, 
cardiac amyloidosis or other infiltrative cardiomyopathy (e.g. hemochromatosis, sarcoidosis) 

10. Subject is contraindicated to receive either dual antiplatelet therapy or warfarin (analogue); or has 
a documented coagulopathy 

11. Atrial fibrillation with resting HR > 100 BPM 
12. Arterial oxygen saturation < 95% on room air 
13. Significant hepatic impairment defined as 3X upper limit of normal of transaminases, total 

bilirubin, or alkaline phosphatase 
14. Right ventricular dysfunction, defined by the site cardiologist as  

a. More than mild RV dysfunction as estimated by TTE; OR 
b. TAPSE < 1.4 cm; OR 
c. RV size  LV size as estimated by TTE; OR  
d. Echocardiographic or clinical evidence of congestive hepatopathy; OR 
e. Evidence of RV dysfunction defined by TTE as an RV fractional area change < 35%;  

15. Resting RAP > 14 mmHg 
16. Evidence of pulmonary hypertension with PVR > 4 Wood units 
17. Chronic pulmonary disease requiring continuous home oxygen, OR hospitalization for exacerbation 

in the 12 months prior to study entry, OR significant chronic pulmonary disease defined as FEV1 < 
50% predicted, or in the opinion of the investigator 

18. Currently participating in an investigational drug or device study. Note: trials requiring extended 
follow-up for products that were investigational but have since become commercially available are 
not considered investigational trials  

19. Life expectancy less than 12 months for non-cardiovascular reasons 
20. Echocardiographic evidence of intra-cardiac mass, thrombus or vegetation   
21. Known or suspected allergy to nickel 
22. Fertile women 
23. Currently requiring dialysis; or estimated-GFR <25ml/min/1.73 m2 by CKD-Epi equation  
24. Systolic blood pressure  >170 mm Hg at screening 
25. Subjects with existing atrial septal defects. Subjects with a patent foramen ovale (PFO), who meet 

PCWP criteria despite the PFO, are allowed. 
26. Subjects on immunosuppression or systemic steroid treatment (>10 mg prednisone/day). 
27. Severe obstructive sleep apnea not treated with CPAP or other measures 
28. Severe depression and/or anxiety 
29. In the opinion of the investigator, the subject is not an appropriate candidate for the study 
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Key Outcome 
Measure: Safety 

Peri-procedural, and 1 month Major Adverse Cardiac, Cerebrovascular, and Renal Events (MACCRE)  
The primary safety outcome measure is the incidence of one or more of the following major adverse 
cardiac, cerebrovascular embolic, or renal events (MACCRE) defined as: 
1. Cardiovascular death through 1-month post implant;   
2. Embolic stroke through 1-months post implant;  
3. Device and or procedure related adverse cardiac events through 1-month post implant;  
4. New onset or worsening of kidney dysfunction (defined as eGFR decrease of > 20 ml/min) through 

1-month post implant 
Key Outcome 
measure: 
Effectiveness 
(Mechanistic Effect) 

1. Change in supine exercise PCWP at 1 month, as assessed by an independent blinded hemodynamic 
core laboratory, across the four values measured at each visit (values at 20W, 40W, 60W and 
80W). 

Key Secondary 
Outcome Measures 

1. Change in exercise PEAK PCWP from baseline at 1 month. 
2. Cardiovascular death through 12 months; 
3. Rate of total (first plus recurrent) HF admissions/emergency clinic visits or acute care facilities for 

IV diuresis  for HF through 12 months; 
4. Change in QOL (EQ-5D, and KCCQ score) at 12 months 

Additional Outcome 
Measures 

Safety related outcome measures: 
1. Major adverse cardiac events through 12-months  
2. All serious adverse events (SAEs) through 12-months  
3. All-cause mortality, CV mortality and heart failure related mortality through 12-months 
4. Newly acquired persistent or permanent AF or atrial  flutter through 12-months  
5. Implant embolization and clinically significant device migration through 12-months. 
6. Systemic embolic events through 12-months.  
7. Increase in RV size/decrease in RV function through 12-months 
8. The need for implant removal or occlusion of the implant. 
Efficacy related outcome measures: 
1. All-cause, and heart failure related hospitalizations/emergency department visits with IV 

treatment for HF; and number of hospitalization days, ICU days through 12 months 
2. Treatment for outpatient worsening of heart failure  
3. Days alive, and not-hospitalized through 12-months 
4. Change in blinded Investigator assessed NYHA classification between baseline and 12 months. 
5. Change in 6MWT distance between baseline and 12 months  
6. Assessment of shunt dimensions and flow at 12 months 
7. Changes in resting and exercise PA pressures and CI between baseline and 1 month as assessed by 

an independent blinded hemodynamic core laboratory. 
8. Change in BNP and/or NT-pro-BNP, between baseline and at 12 months. MR-ANP is optional. 
9. Changes in LA, LV dimensions, volume, and function, between baseline and 12 months assessed by 

an independent echocardiographic core laboratory 
10. Changes in RA, LA, LV and RV dimensions, volume, and function between baseline and 12 months 

assessed by a cardiac MRI core laboratory (Sub-study only) 
11. Change in CPET parameters (including exercise time) between baseline and 12 months as assessed 

by an independent blinded CPET core laboratory (Sub-study only) 
12. Change in diuretic medications between baseline and 12 months 

Study Sponsor Corvia Medical Incorporated 
One Highwood Drive, Suite 300 
Tewksbury, MA 01876 USA 
+1 978-654-6123 

Sample Size The sample size is driven by the mechanistic effect (change in supine exercise PCWP compared to 
control). 
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1.0 Introduction 
This document is a protocol for a human research study. This study is to be conducted according to US and 
international standards of Good Clinical Practice (International Conference on Harmonization ICHE6), the 
Code of Federal Regulations Title 21 parts 803 and 812, and other applicable government regulations and 
Institutional research policies and procedures. 

1.1 Background and Rationale 
Heart failure (HF) has been described as the “new” or “emerging” epidemic of the 21st century1-9.  
Currently in the United States (US) alone, $30.7 billion is spent annually on HF10, and HF is the #1 cost 
item for Medicare.  According to the American Heart Association, approximately 5.7 million people in 
the US have HF, and each year approximately 870,000 people are newly diagnosed with this disease10.  
HF is the leading cause of hospitalization among adults >65 years of age in the US with  50% of 
patients readmitted to the hospital within 6 months of discharge10.  HF in the US annually results in 
over 280,000 deaths, over a million hospitalizations, 1.8 million office visits, and almost 700,000 
emergency room visits10. As such, HF is a major public health concern, particularly in developed 
countries with aging populations.  HF is also currently the most common condition for hospital 
admission in elderly patients11. It has a severe impact on quality of life with symptoms including 
exercise intolerance, fatigue, weakness, chest pain, shortness of breath, and swelling in the legs and 
ankles.  
 
Heart failure is a complex clinical syndrome that can result from any structural or functional cardiac 
or cardiovascular disorder that impairs the ability of the left ventricle to fill with or eject blood12.  
While traditionally associated with the concept of reduced left ventricular (LV) pumping capability, it 
has become widely recognized that HF can occur even with preserved or mildly reduced LV ejection 
fraction13. Thus, left heart failure can be divided into two clinical syndromes: Systolic heart failure 
(SHF), in which the left heart is unable to pump or contract appropriately and the ejection fraction is 
reduced (systolic dysfunction), and Diastolic heart failure (DHF) or heart failure with preserved or 
mildly reduced ejection fraction (HFpEF), in which the left ventricle fails to relax or expand 
appropriately (diastolic dysfunction). 
 
DHF/HFpEF accounts for up to 50% of all heart failure cases14-17. The incidence increases with age. 
While there are a variety of guideline based recommendations for the management of SHF, there are 
currently no proven effective treatment options to improve outcomes in individuals with DHF/HFpEF. 
Physicians are advised to look for underlying causes and contributing conditions of DHF/HFpEF and 
aggressively manage blood pressure and rhythm disturbances. Patients are typically prescribed some 
combination of diuretics, beta blockers, calcium channel blockers and/or ACE inhibitors, in an effort 
to reduce HF symptoms. DHF/HFpEF is a progressive syndrome, leading to an enlarged left atrium and 
pulmonary edema14. 
 
The mortality and morbidity associated with HF and preserved or mildly reduced EF (proposed study 
population) are extensive. In the general population, the mortality from HF with preserved or mildly 
reduced EF is comparable to that of patients with HF with reduced EF. Owan et al. studied 6,076 
patients with HF over a 15-year period; the mortality rates for patients with SHF (reduced ejection 
fraction) were 29% at one year and 65% at five years, compared to 32% and 68% respectively for the 
DHF/HFpEF group14. Three year mortality rates after hospitalization for HF are high, and the survival 
curves for patients with SHF and those with DHF/HFpEF as a function of New York Heart Association 
functional class are similar. In addition, the morbidity is equally profound. Admissions for HF with 
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preserved or mildly reduced EF carry a 50% chance of readmission within 6 months, and the rates of 
functional decline, hospital readmission, and HF-related readmission are similar to those of HF with 
reduced EF. 
 
Corvia Medical has developed the InterAtrial Shunt Device (IASD) System II designed to reduce left 
atrial pressure, with a standard catheter based approach. The primary component of the system is an 
implant placed in the atrial septum designed to allow left to right flow between the left atrium and 
right atrium to reduce the elevated left atrial pressure.   
 
Elevated left atrial pressure in heart failure, in the absence of mitral stenosis, is the driving force for 
progression of symptoms of heart failure. Potential beneficial effects of atrial septal defects (ASDs) 
in the setting of heart failure have been known for many years. René Lutembacher reported in 1916 
the beneficial association of ASD and acquired mitral stenosis18.  Lutembacher´s report and other 
reports19,20 showed convincingly that pulmonary edema developed much less often if mitral stenosis 
was accompanied by ASD. These reports also suggest that the long term sequelae of controlled ASDs 
may be beneficial for left ventricular failure with elevated filling pressures21. 
 
Filling pressure of the heart, especially left sided filling pressure (i.e. LVEDP, LAP, or PCWP) is a 
powerful predictor of prognosis. The inability of pharmacologic therapy to reduce filling pressures to 
near normal is associated with poor prognosis22-25. For example, patients who maintain elevated 
PCWP pressures over 20 mm Hg, have a mortality of 55% within 2 years26. In addition, the overload of 
the left ventricle may lead to dynamic functional mitral regurgitation, exaggerating decompensation 
and contributing to the development of pulmonary edema27.  
 
In chronic heart failure with a dilated LV, optimal cardiac output is observed when filling pressures 
are nearly normal28-31. Furthermore, elevated filling pressures are the most important cause of 
symptomatic deterioration and dyspnea32.  Despite appropriate medical management, a considerable 
proportion of patients may have high filling pressures33 and most prognostic indicators in HF are 
associated with elevated filling pressures such as ANP/BNP, heart size, mitral regurgitation, 
pulmonary artery pressure, ventilatory efficiency, etc.34 and a decrease of filling pressure measured 
by levels of natriuretic peptides improves prognosis35,36. 
 
Clinical experience in mitral stenosis and implantable Left Atrial Pressure (LAP) monitoring devices 
supports the concept that lowering LAP improves symptoms.  As previously mentioned, in patients 
with mitral stenosis, it is known that those who also have atrial septal defects (ASDs) (Lutembacher 
Syndrome37), can experience fewer symptoms and have better clinical outcomes than those without 
ASDs38,39, as LAP is the most important determinant of symptoms in such patients40.  In Lutembacher 
Syndrome, the ASD allows decompression of the left atrium, as blood has an alternative pathway to 
trans-mitral flow.  In the presence of this “pop-off” (left-to-right shunt), flow across the mitral valve 
is reduced and LAP is lower, resulting in fewer symptoms. The measured diastolic pressure gradient 
across the mitral valve is also decreased, due to the reduction in flow (resistance is unchanged).  Prior 
to the advent of surgical mitral commissurotomy, it was suggested that surgical creation of an ASD in 
certain mitral stenosis patients could relieve symptoms41-43.  Similarly, effective decompression of the 
left atrium in patients with mitral stenosis has been observed in the presence of partial anomalous 
pulmonary venous drainage to the right atrium. With less pulmonary venous flow returning to the left 
atrium, this congenital anomaly is the physiologic equivalent of an ASD21,44,45. 
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In trans-catheter closure of ASD in elderly patients, the closure procedure can effectively unmask or 
exacerbate underlying left sided heart failure as reported by Ewert and colleagues, who observed 
markedly increased LAP in certain patients following test ASD occlusion and development of HF 
following trans-catheter ASD closure46.  Following closure of the defect (to address right heart failure), 
symptoms of heart failure - left atrial hypertension and pulmonary edema – can present due to the 
increase in LAP. Masutani and colleagues published on the development of heart failure in an elderly 
population following ASD closure, stating that while HF typically presents with acute pulmonary 
edema, this can easily be masked by the volume unloaded condition of an ASD47. Numerous other 
publications have described this phenomenon and how to effectively manage it through implantation 
of “fenestrated” ASD closure devices48-53. 
 
Lastly, clinical studies of left atrial hemodynamic monitoring systems support the benefit of reducing 
LAP.  Ritzema and colleagues demonstrated that symptoms and risk of hospitalization in HF increase 
as LAP increases, based upon data gathered with an implantable LAP monitoring device (HeartPOD, 
St. Jude Medical) in the HOMEOSTASIS Trial54.  The authors reported that mean daily LAP fell from 
17.6mm Hg to 14.8mm Hg during the first 3 months of therapy, resulting in statistically significant 
improvements in NYHA class (p<0.001) and LV ejection fraction (p<0.001). Additionally, the COMPASS-
HF study also supports the benefits of controlling intra-cardiac pressure in HF patients. COMPASS-HF 
was a prospective, multicenter, randomized, single-blind, parallel-controlled trial of 274 NYHA class 
III or IV HF patients who received an implantable continuous right ventricular pressure sensor which 
monitored numerous parameters, as well as estimating pulmonary arterial diastolic pressure.  It has 
been demonstrated by others that pulmonary artery end-diastolic pressure is an indirect estimate of 
left atrial mean pressure55. Patients were randomized to a Chronicle (Medtronic) implantable 
continuous monitoring device or a control group. The Chronicle group had a non-significant 21% 
reduction (p=0.33) in the rate of HF-related events and a 36% reduction (p=0.03) in the relative risk 
of a first HF-related hospitalization56. 
 
It is anticipated that reduction of filling pressures with the IASD study device in this study 
population will have similar beneficial effects. All the pre-clinical data and the cumulative clinical 
observations give reason to believe that the de novo creation of a controlled small interatrial shunt in 
patients with elevated left atrial pressure can serve to ameliorate their HF symptoms.   
 
In a Pilot Study of the IASD device, 11 individuals with a diagnosis of heart failure with preserved or 
mildly reduced ejection fraction (recruited from 3 centers), were successfully implanted using a 
percutaneous catheter based approach.  An analysis of the final data indicates that the study device 
was well tolerated in all patients, with no clinical evidence or reports of diminished forward cardiac 
output, development of right heart failure, or systemic embolic events. All patients have reached 12 
months of follow-up (completed study).   
Key inclusion criteria included: LVEF 45%, symptomatic NYHA Class III/IV or HF hospital admission 
over past 12-months, LVEDP or PCWP >15 mmHg at rest, or > 25 mmHg during exercise. Key exclusion 
criteria include: significant valvular or coronary disease, pulmonary artery pressure > 60 mmHg, pre-
existing permanent pacemaker leads, prior history of stroke or DVT, cardiac amyloidosis. The primary 
outcome measure was serious adverse device events through 1-month post implant.  There were 
multiple secondary endpoints to further evaluate safety and potential efficacy through 12-months 
post implant. The study completed 1 year follow-up 
The implantation procedure was successful for all 11 patients enrolled in the Pilot Study.  There was 
no clinical evidence of adverse hemodynamic consequences.  There were no reports of death, heart 
attack, stroke or TIA in any patient within 12 months of the procedure.  There were no reports of 
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implant related perforation or erosion, and there are no reports of device arm fracture or thrombus 
formation. Finally, there has been no need to reverse the procedure either surgically or 
percutaneously. 
There were important clinical improvements in most of these patients, improvements in 
hemodynamics, exercise performance as measured by the 6 minute walk test, improvements in NYHA 
class and quality of life measured with the Minnesota Living with HF Questionnaire.  All patients 
survived the 12 months follow-up. Compared to prior year and baseline, outcome measures (at 12 
months post implant) showed 82% freedom from heart failure hospitalization, 73% improvement in 
NYHA class, and 91% indicated improved quality of life.  Both the one month and one year data have 
been published57,58. 
 
There is currently a non-randomized open label clinical trial being conducted in Europe, Australia and 
New Zealand to evaluate the safety and performance of the IASD System II in the treatment of heart 
failure patients with elevated left atrial pressure, who remain symptomatic despite appropriate 
medical management.  Key inclusion criteria include: LVEF 40%, symptomatic NYHA Class 
II/III/ambulatory class IV or HF hospital admission over past 12-months, LVEDP or PCWP >15 mmHg 
at rest and greater than CVP, or > 25 mmHg during exercise. Key exclusion criteria include: significant 
valvular or coronary disease, arterial oxygen saturation <95% on room air, prior history of stroke, DVT 
or pulmonary emboli in the past 6 months, cardiac amyloidosis. The primary outcome measure is 
Safety: Peri-procedural, and 6 months Major Adverse Cardiac and Cerebrovascular Events (MACCE) 
and systemic embolic events (excluding pulmonary thromboembolism).  There are multiple secondary 
endpoints to further evaluate safety and potential efficacy through 6-months post implant.  As of June 
8, 2015, enrollment is complete with follow up ongoing, and 64 of 66 patients have been successfully 
implanted with the IASD device.  One procedure was terminated due to concerns about the individual 
patient’s septal anatomy and another was terminated due to an aortic dissection during the trans-
septal puncture.  This study is discussed in further detail in section 13 of this document.  

 
As a result of reduced LAP, potential benefits to this patient population implanted with the study 
device include the following:  

Reduction in the incidence and or severity of dyspnea 
Reduction in the number of hospitalizations and/or hospital days for heart failure 
Reduction in the number of emergency room visits for heart failure 
Reduction in medications for heart failure  
Improved exercise tolerance  
Improved quality of life 
Improved life expectancy 

 
Because the signs and symptoms DHF/HFpEF patients experience are believed to be due to elevated 
left atrial pressure, the intervention with the IASD System II has the potential to significantly reduce 
symptoms and improve the quality of life in patients with otherwise limited treatment options.   
 
The primary objective of this randomized controlled clinical study is to evaluate the peri-procedural 
safety and potential effectiveness (mechanistic effect) of implanting the IASD System II in heart failure 
patients with an LV ejection fraction >40%, with elevated left sided filling pressures, who remain 
symptomatic despite optimal Guideline Directed Medical Therapy (GDMT). Clinical outcomes will also 
be evaluated. A subset of the results of this study will be used to facilitate design of the U.S. pivotal 
trial. 
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1.2 Current Alternative Therapies 
In the patient population considered for this study, no proven effective therapy exists and only 
palliative medical management is available to date, without proven effect on morbidity or 
mortality59-62. 

 
Few randomized controlled trials have been completed in this study population and none have 
achieved their primary endpoint, although some trials of angiotensin receptor blockers and 
mineralocorticoid receptor antagonists have suggested the possibility of reducing hospitalizations in 
these patients. Nonetheless, medical treatment strategies have been proposed in guidelines that 
have been prepared by the American College of Cardiology, the American Heart Association, the 
Canadian Society of Cardiology, the European Society of Cardiology and the Heart Failure Society of 
America.    
 
For the purposes of this investigation, optimal medical management is defined as follows per the 2013 
ACCF/AHA Guidelines for the Management of Heart Failure63: 
 

1) Systolic and diastolic blood pressure should be controlled in patients with HFpEF in 
accordance with published clinical practice guidelines to prevent morbidity. (Class I; Level of 
Evidence: B) 

2) Diuretics should be used for relief of symptoms due to volume overload. (Class I; Level of 
Evidence: C) 

3) Coronary revascularization is reasonable in patients with CAD in whom symptoms (angina) or 
demonstrable myocardial ischemia is judged to be having an adverse effect on symptomatic 
HFpEF despite GDMT. (Class II a; Level of Evidence: C) 

4) Management of AF according to published clinical practice guidelines in patients with HFpEF 
is reasonable to improve symptomatic HF. (Class II a; Level of Evidence: C) 

5) The use of beta-blocking agents, ACE inhibitors, and ARBs in patients with hypertension is 
reasonable to control blood pressure in patients with HFpEF. (Class II a; Level of Evidence: C) 

6) The use of ARBs might be considered to decrease hospitalizations for patients with HFpEF. 
(Class II b; Level of Evidence: B) 

7) Routine use of nutritional supplements is not recommended for patients with HFpEF. (Class 
III; Level of Evidence: C) 

2.0 Investigational Device 

2.1 Overview of the Device System 
The InterAtrial Shunt Device (IASD®) System II consists of a permanent implant pre-loaded onto a 
delivery system.   
 
The device used in this study has obtained CE Marking, which allows it to be marketed in the European 
Union. 

 
The implant is supplied preloaded onto a delivery system consisting of a delivery catheter with an 
integrated handle. The implant is placed across the interatrial septum using a percutaneous trans-
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catheter approach. The procedure is performed in the cardiac catheterization laboratory by an 
interventional cardiologist. 

 

2.1.1 Delivery System 
The delivery system is designed to facilitate deployment of the implant at the target location 
on the atrial septum.  The system consists of a delivery catheter with an integrated handle.  
The delivery catheter is an over the wire (OTW) design that is .035” guide wire 
compatible.   The approximate working length is 75 cm with a maximum outer diameter of 16 
French. The delivery catheter is comprised of a Nylon and Pebax outer sheath, a 
Pebax/Polyimide/Stainless Steel inner catheter, and a HDPE tear-away sheath.  The outer 
sheath covers the self-expanding implant to keep it from expanding prematurely.  The inner 
catheter is used to hold the collapsed implant in place while the outer sheath is moved to 
reveal or cover the implant.  The outer sheath is tipped with a radiopaque Pebax/tungsten 
band.  A platinum/iridium band is located on the inner catheter to indicate the final 
deployment point of the RA flange of the implant.  The tear away sheath is used to reduce 
friction with the introducer hemostasis valve and provide tactile feedback.  The handle is a 
lightweight plastic assembly integrated with the delivery catheter.  The handle has a thumb 
side that is used to advance or retract the outer sheath, and is designed with safety features 
designed to prevent accidental deployment.  The delivery system with preloaded implant is 
in a single package and is sterilized using ethylene oxide.    
 

2.1.2 IASD System II Implant 
The implant consists of a self-expanding metal cage made of Nitinol that is formed into a 
double-disc design with an open barrel in the center. It is available in one size. The implant is 
radio-opaque and is visible during the implantation procedure.  It is designed to have the 
necessary structural integrity to maintain device shape and function for long-term use.  Each 
disc of the implant is multi-legged and the left atrial disc has a radiopaque marker at the end 
of each leg.  During manufacturing, the device is laser cut, electro-polished and formed to 
desired shape.  The overall diameter of each disc is 19.4 mm.  The inner diameter of the center 
barrel is 8 mm.  In the setting of high left atrial pressure, the center barrel section allows L R 
flow to decompress the left atrium.  The implant is preloaded onto the delivery catheter and 
is sterilized using ethylene oxide.   

 

2.2 Proposed Indication 
The Corvia Medical InterAtrial Shunt Device (IASD®) System II is indicated for the improvement in 
quality of life and reduction of heart failure related symptoms and events in patients with heart failure 
with preserved or mildly reduced ejection fraction (HFpEF) with elevated left atrial pressures, who 
remain symptomatic despite optimal guideline directed medical therapy.   

 

3.0 Study Objectives 
The primary objective of this randomized controlled clinical study is to evaluate the peri-procedural safety 
and potential effectiveness (mechanistic effect) of implanting the IASD System II in heart failure patients with 
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an LV ejection fraction >40%, with elevated left sided filling pressures, who remain symptomatic despite 
optimal Guideline Directed Medical Therapy (GDMT). Clinical outcomes will also be evaluated. A subset of the 
results of this study will be used to facilitate design of the U.S. pivotal trial. 

 

3.1 Key Outcome Measures 

3.1.1 Key Outcome Measure: Safety 
 
Peri-procedural, and 1 month Major Adverse Cardiac, Cerebrovascular, and Renal Events 
(MACCRE)  

The primary safety outcome measure is the percent of subjects who experience one or more 
of the following major adverse cardiac, cerebrovascular embolic, or renal events (MACCRE) 
defined as: 

1. Cardiovascular death through 1-months post implant;   
2. Embolic stroke through 1-months post implant;  
3. Device and or procedure related adverse cardiac events through 1-months post 

implant;  
4. New onset or worsening of kidney dysfunction (defined as eGFR decrease of > 20 

ml/min) through 1-months post implant 
 

3.1.2 Key Outcome Measure: Effectiveness (Mechanistic Effect) 
 

1. Change in supine exercise PCWP at 1 month, as assessed by an independent blinded 
hemodynamic core laboratory. 

 
 

3.1.3 Key Secondary Outcome Measures 
 

1. Change in supine exercise PEAK PCWP from baseline at 1 month; 
2. Cardiovascular death through 12 months; 
3. Rate of total (first plus recurrent) HF admissions/emergency clinic visits or acute 

care facilities for IV diuresis for HF through 12 months; 
4. Change in QOL (EQ-5D, and KCCQ score) at 12 months  

 

3.2 Additional Outcome Measures 

3.2.1 Safety related outcome measures: 
1. Major adverse cardiac events through 12-months  
2. All serious adverse events (SAEs) through 12-months  
3. All-cause mortality, CV mortality and heart failure related mortality through 12 months 
4. Newly acquired persistent or permanent AF or atrial flutter through 12-months  
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5. Implant embolization and clinically significant device migration through 12-months. 
6. Systemic embolic events through 12-months.  
7. Increase in RV size/decrease in RV function through 12-months 
8. The need for implant removal or occlusion of the implant. 

 

3.2.2 Efficacy related outcome measures: 
 

1. All-cause, and heart failure related hospitalizations/emergency department visits with IV 
treatment for HF; and number of hospitalization days, ICU days through 12 months 

2. Treatment for outpatient worsening of heart failure  
3. Days alive, and not-hospitalized through 12-months 
4. Change in blinded investigator assessed NYHA classification between baseline and 12 

months 
5. Change in 6MWT distance between baseline and 12 months  
6. Assessment of shunt dimensions and flow at 12 months 
7. Changes in resting and exercise PA pressures and CI between baseline and 1 month as 

assessed by an independent blinded hemodynamic core laboratory 
8. Change in BNP and/or NT-pro-BNP between baseline and at 12 months. MR-ANP is 

optional 
9. Changes in LA, LV dimensions, volume, and function, between baseline and 12 months 

assessed by an independent echocardiographic core laboratory 
10. Changes in RA, LA, LV and RV dimensions, volume, and function between baseline and 

12 months assessed by a cardiac MRI core laboratory (Sub-study only) 
11. Change in CPET parameters (including exercise time) between baseline and 12 months 

as assessed by an independent blinded CPET core laboratory (Sub-study only) 
12. Change in diuretic medications between baseline and 12 months 

 

4.0 Study Design  
Multicenter, Prospective, Randomized Controlled, Single (patient) Blinded Trial, with Non-implant Control 
Group; 1:1 randomization.  Patients will be followed for 1 year, and annually every 12-months for a total of 5 
years after index procedure and implant.   
 
After qualification, including supine bicycle exercise testing, eligible patients will be sedated, then 
randomized to the treatment or control groups.  Patient randomization will be via Interactive Web Response 
System (IWRS).  Both treatment and control arm patients will require femoral venous access after 
randomization. 
 
Patients randomized to the treatment arm will undergo a fluoroscopically and intra-cardiac echocardiography 
guided trans-septal puncture and IASD® System II implant procedure.  Patients randomized to the control arm 
will undergo fluoroscopy and intra-cardiac echocardiography, with examination of the atrial septum and left 
atrial appendage.   
 
Patients randomized to the control arm will be allowed to cross-over to the treatment arm at  12 months 
post-control procedure.  Cross-over patients will then be followed for 5 years after cross-over. 
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Patient blinding will include earphones with music to preclude the patient from hearing the procedural 
discussions beginning after qualification, and prior to randomization.  After randomization, patients will be 
shielded from viewing the imaging screens in the cardiac catheterization laboratory during the procedure. 
Research staff will be instructed to maintain patient blinding 
 
Independent CEC, DSMB, and core laboratories will be utilized for retrospective data analysis and 
interpretation during this trial.  
 
The physicians managing the randomized patients, and research individuals involved in conducting selected 
post randomization evaluations; the Hemodynamic, and CPET core laboratories will be blinded to study arm. 
 
Refer to Table 7a for Guideline Directed Medical Therapy recommendations, Table 7b for required study 
medications, and Table 8a for required procedures/assessments. 

5.0 Methodology 
Subjects must meet all of the inclusion criteria and have none of the exclusion criteria to be enrolled into this 
study.  

 

5.1 Subject Selection Criteria   

5.1.1 Inclusion Criteria 
Candidates for this study must meet all of the following inclusion criteria: 
 

1. Chronic symptomatic heart failure (HF) documented by the following: 
a. New York Heart Association (NYHA) class III/ambulatory class IV symptoms  

(Paroxysmal nocturnal dyspnea, orthopnea, dyspnea on mild or moderate 
exertion) at screening visit; or signs (Any rales post cough, chest x-ray 
demonstrating pulmonary congestion,) within past 12 months; AND 

b.  One hospital admission for which HF was a major component of the 
hospitalization, or a healthcare facility (emergency department/acute care 
facility) treatment with intravenous (IV) or intensification of oral diuresis for 
HF, within the 12 months prior to study entry; OR an NT-pro BNP value > 
200 pg/ml in normal sinus rhythm, > 600 pg/ml in atrial fibrillation, or a BNP 
value > 70 pg/ml in normal sinus rhythm, > 200 pg/ml in atrial fibrillation 
within the past 6 months. 

 
2. Ongoing stable GDMT HF management and management of potential comorbidities 

according to the 2013 ACCF/AHA Guidelines for the management of Heart Failure 
(with no significant changes [>100% increase or 50% decrease], excluding diuretic 
dose changes for a minimum of 4 weeks prior to screening) that is expected to be 
maintained without change for 6 months. 

3. Age  40 years old 
4. Site determined LV ejection fraction  40% within the past 3 months, without 

previously documented ejection fraction <30% (within the last 5 years).  
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5. Site determined elevated left atrial pressure with a gradient compared to right atrial 
pressure (RAP) documented by: 

a. End-expiratory PCWP during supine ergometer exercise  25mm Hg, and 
greater than RAP by  5 mm Hg.   

6. Site determined echocardiographic evidence of diastolic dysfunction documented 
by one or more of the following: 

a. LA diameter > 4 cm; or 
b. LA volume index > 28 ml/m2 or 
c. Lateral e’ <10 cm/s; or 
d. Septal e’ <8 cm/s; or 
e. Lateral E/e’ >10; or 
f. Septal E/e’ > 15 

7. Subject has been informed of the nature of the study, agrees to its provisions and 
has provided written informed consent, approved by the IRB or EC 

8. Subject is willing to comply with clinical investigation procedures and agrees to 
return for all required follow-up visits, tests, and exams  

9. Trans-septal catheterization and femoral vein access is determined to be feasible by 
site principal interventional cardiology investigator 

5.1.2 Exclusion Criteria 
Candidates for this study will be excluded if any of the following conditions are 
present:  

1. MI and/or percutaneous cardiac intervention within past 3 months; CABG in past 3 
months, or current indication for coronary revascularization 

2. Cardiac resynchronization therapy initiated within the past 6 months  
3. Severe heart failure defined as one or more of the below: 

a. ACC/AHA/ESC Stage D heart failure, Non-ambulatory NYHA Class IV HF; 
b. Cardiac Index < 2.0 L/min/m2  
c. Inotropic infusion (continuous or intermittent) within the past 6 months 
d. Patient is on the cardiac transplant waiting list 

4. Inability to perform 6 minute walk test (distance < 50 m), OR 6 minute walk test 
>600m 

5. Known clinically significant un-revascularized coronary artery disease, defined as: 
epi-cardial coronary artery stenosis associated with angina or other evidence of 
coronary ischemia. 

6. History of stroke, transient ischemic attack (TIA), deep vein thrombosis (DVT), or 
pulmonary emboli within the past 6 months 

7. Known clinically significant untreated carotid artery stenosis  
8. Presence of significant valve disease defined by the site cardiologist as: 

a. Mitral valve regurgitation defined as grade  3+ MR  
b. Tricuspid valve regurgitation defined as grade  2+ TR; 
c. Aortic valve disease defined as  2+ AR or > moderate AS 

9. Hypertrophic obstructive cardiomyopathy, restrictive cardiomyopathy, constrictive 
pericarditis, cardiac amyloidosis or other infiltrative cardiomyopathy (e.g. 
hemochromatosis, sarcoidosis) 

10. Subject is contraindicated to receive either dual antiplatelet therapy or warfarin 
(analogue); or has a documented coagulopathy 
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11. Atrial fibrillation with resting HR > 100 BPM 
12. Arterial oxygen saturation < 95% on room air 
13. Significant hepatic impairment defined as 3X upper limit of normal of 

transaminases, total bilirubin, or alkaline phosphatase 
14. Right ventricular dysfunction, defined by the site cardiologist as  

a. More than mild RV dysfunction as estimated by TTE; OR 
b. TAPSE < 1.4 cm; OR 
c. RV size  LV size as estimated by TTE; OR  
d. Echocardiographic or clinical evidence of congestive hepatopathy; OR 
e. Evidence of RV dysfunction defined by TTE as an RV fractional area change < 

35%;  
15. Resting RAP > 14 mmHg 
16. Evidence of pulmonary hypertension with PVR > 4 Woods units 
17. Chronic pulmonary disease requiring continuous home oxygen, OR hospitalization 

for exacerbation in the 12 months prior to study entry, OR significant chronic 
pulmonary disease defined as FEV1 < 50% predicted, or in the opinion of the 
investigator 

18. Currently participating in an investigational drug or device study. Note: trials 
requiring extended follow-up for products that were investigational but have since 
become commercially available are not considered investigational trials  

19. Life expectancy less than 12 months for non-cardiovascular reasons 
20. Echocardiographic evidence of intra-cardiac mass, thrombus or vegetation.   
21. Known or suspected allergy to nickel 
22. Fertile women 
23. Currently requiring dialysis; or estimated-GFR <25ml/min/1.73 m2 by CKD-Epi 

equation 
24. Systolic blood pressure >170 mm Hg at screening 
25. Subjects with existing atrial septal defects.  Subjects with a patent foramen ovale 

(PFO), who meet PCWP criteria despite the PFO, are allowed. 
26. Subjects on immunosuppression or systemic steroid treatment (>10 mg 

prednisone/day). 
27. Severe obstructive sleep apnea not treated with CPAP or other measures 
28. Severe depression and/or anxiety 
29. In the opinion of the investigator, the subject is not an appropriate candidate for the 

study 

5.2 Study duration 
It is expected that up to 60 subjects will be randomized during the course of approximately 8 months. 
Total study duration (including 12 months follow-up of crossover patients, after the time of cross-
over) is expected to be 74 months. All patients, including cross-over patients will be followed for 1 
year, and annually every 12months for a total of 5 years after index procedure and implant. 

5.3 Determination of Study Eligibility 
Tests and evaluations performed within forty-five (45) days prior to the scheduled study treatment 
date may be used to satisfy subject eligibility criteria, unless otherwise noted. Core labs will not 
determine subject eligibility prior to enrollment; eligibility assessment is the responsibility of the 
investigators. Signed informed consent is required for all study subjects. 
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5.4 Enrollment 
Enrollment begins when the subject provides written informed consent and agrees to participate in 
the clinical investigation.  Up to 100 subjects will be enrolled to randomize up to 60 patients and 
obtain 1 month hemodynamic follow up. 

 
All subjects who sign an informed consent document and begin the study screening process will be 
tracked with a study screening log at each site. The screening log is used to track the qualification or 
non-qualification of potential subjects. The reasons for non-enrollment of subjects who sign consent 
and undergo screening procedures should be documented in detail. The screening log documents the 
screening effort at each site, and the effort to enroll consecutively eligible subjects into the study.   

 
Subjects that do not meet all inclusion/exclusion criteria prior to the completion of the Screening 
Procedures are defined as screen failures. They will not be allowed to continue their participation in 
the study.   

 
In a case where signed informed consent has been obtained from the subject and a subject fails to 
fulfill any element of the inclusion and exclusion criteria, details of the failure to qualify will be 
documented. The Investigator will retain the signed consent form and completed eligibility 
information within the medical record.  Subjects may be re-screened at a later date if the investigator 
and sponsor agree that it is appropriate.  In such a case, the subject will need to be re-consented and 
sign a new informed consent form.   

 
Potentially eligible study subjects will be enrolled consecutively at each study site in this trial. Refer 
to the study execution instructions for procedures describing the numbering schema of subjects 
during screening and enrollment. 

 

5.5 Blinding procedures 

5.5.1 Patient Blinding  
Patients will be “blinded” immediately after qualifying in the catheterization lab following 
supine bike exercise right heart catheterization, and prior to randomization.  Blinding will be 
maintained through one year follow-up. 
 

a) Study procedure through discharge                                                                                        
Patient “blinding” after qualification in the catheterization lab will be achieved by 
the use of sedation, earphones and blindfolding (or use of a screen/curtain/drape) 
to prevent observation of the imaging screens, and strict instructions to all research 
staff involved in patient management, including the managing heart failure 
physician.   
 

b) Month 1 follow up visit                                                                                                                    
Patient “blinding” for the 1 month follow up hemodynamic evaluation will be 
achieved by blocking the patients view to prevent observation of the imaging 
screens, and strict instructions to the echocardiogram technician and all “un-
blinded” research staff involved in patient’s visit.  Screens should be turned 
away/out of view from the patient at all imaging follow up visits through 12 months.   
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c) Month 6 follow up visit                                                                                                               

Patient “blinding” at the 6 month follow up will be achieved by strict instructions to 
the echocardiogram/cardiac MRI technician and all “un-blinded” research staff 
involved in patient’s visit.  Screens should be turned away/out of view from the 
patient at all imaging follow up visits through 12 months.     
 

d) Month 12 follow up visit                                                                                                           
Patients and staff will be asked to complete an optional questionnaire to determine 
if blinded staff and patients remained blinded throughout the study. This will help to 
determine how well the blinding procedures worked. Patients and staff will be “un-
blinded” after completion of the 12 months follow up visit.   

5.5.2 Blinding research staff 
Research staff involved in patient management will be “blinded” immediately after the 
qualifying event until the completion of the 12 month visit and staff blinding survey.  All 
patients (test and control) will have equal interactions with study personnel and similar 
maintenance of appropriate guideline directed medical therapy throughout the entire study 
in order to adequately maintain blinding.   
 
The managing heart failure physician will be unaware of the patient's randomization 
assignment, and qualifying hemodynamic information. The staff will be instructed to maintain 
blinding.  During follow up visits, study staff in the room must not be aware of patient's 
randomization group (blinded), but that can be difficult to achieve.  Therefore, a doctor, study 
nurse, research coordinator or other staff can be present for the purposes of helping to 
monitor patient safety, etc., but it is critical that they NOT be the person performing the tasks, 
or disclosing treatment assignment to the person performing the blinded task.  

 
The following evaluations should be conducted by a study team member that is blinded to 
patients’ randomization assignments:  

The NYHA classification  
The 6 minute walk test  
The staff member(s) performing the CPET.  
Physical Exam 

 
 

All involved staff members, including but not limited to the following, are required to maintain 
the blinding:  

 
The staff member(s) performing the initial and follow-up catheterization procedures, 
including the individuals preforming the intra-cardiac echocardiography. 
The staff member(s) performing the follow-up Echocardiogram  
The staff member(s) performing the follow-up cardiac MRI. 
The staff member administering the QOL questionnaires The staff member(s) 
performing the EKG and bloodwork 
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5.6 Randomization 
All enrolled patients who are eligible based on non-invasive evaluation will present to the cath lab for 
pre-randomization resting and supine bike exercise right heart catheterization (Non-Femoral vein 
access). Patients who qualify will be randomized via IWRS or IVRS (interactive web response or voice 
response randomization system).  Randomization will be 1:1 to the device or the control group.  Cross-
over to the treatment group is allowed at  12 months post-control procedure (upon unblinding the 
patient).  Cross-over patients will then be followed for 5 years. 

 
 

    
 
   

FLOW CHART 
 

 

6.0 Procedural Guidelines    

6.1 IASD II Inspection Prior to Use 
Prior to use, carefully remove the device system components from package and inspect for bends, 
kinks and/or other damage.  Do not use if any device damage is noted or the sterile barrier on the 
package is breached. 

 

6.2 Required Accessories 
Quantity   Item 
1    IASD System II consisting of: 

Delivery system 
Implant (pre-loaded) 

1    Introducer Sheath,  16F 
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1    0.035” J-tip guide wire 
1    Trans septal puncture kit (recommended 11-12F) 
1 6mm non-compliant balloon catheter, 0.035” guide wire compatible 

(if needed for dilatation of the septal wall prior to implant) 
Various Long, large diameter sheaths, retrieval snares and baskets for 

potential device removal 

  

6.3 Instructions for use 
Refer to the current Instructions for Use for detailed information about use of the IASD System II. 
 

6.4 Screening, Implant, and Control Procedure  
Subjects will be prepared for venous cardiac catheterization with local anesthesia per standard 
institutional practice.  Percutaneous access will be obtained using standard institutional practice.   

6.4.1 Catheter Based Invasive Screening Hemodynamic Evaluations  
Each subject will undergo catheter based hemodynamic screening evaluation at rest and 
during supine ergometer exercise according to hemodynamic core laboratory protocol and 
standards. This evaluation will allow for detailed assessment of resting and exercise-induced 
hemodynamic pressures.  Pressure tracings (with simultaneous ECG recordings) will be 
recorded and reported to the core lab. This will include measurement of right atrial pressure 
(RAP), pulmonary arterial pressure (PAP) and end expiratory pulmonary capillary wedge 
pressure (PCWP).  In addition, blood samples will be collected (in duplicate) and analyzed for 
oxygen saturations at both rest and peak exercise for calculation of Fick CO.  This final test 
will be done at the study procedure, prior to randomization in patients who qualify. 

 
Patients that meet the final set of study criteria (hemodynamic data) will then be blinded and 
randomized to implant or control arm.  Patient blinding will include sedation and earphones 
with music to preclude the patient from hearing the procedural discussions, beginning after 
qualification and prior to randomization. After randomization, patients will be shielded from 
viewing the imaging screens in the cardiac catheterization laboratory during the procedure. 
Research staff will be instructed to maintain patient blinding. 

 

6.4.2 Implant procedure 
 

Patients should be fully heparinized throughout the procedure in accordance with the 
clinical protocol, as some preclinical testing without anticoagulation suggested that 
thrombus formation might occur.  The basic steps for implanting the study device include 
the following: 

 
Assure complete patient blinding 
Inspect all components of the study device system prior to use. 
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Flush delivery system, containing preloaded implant, several times with heparinized 
saline through both lumens 
Using the control handle, retract preloaded implant into the outer catheter 
Obtain femoral venous access, either unilateral or bilateral 
Place intra-cardiac echo probe via femoral vein 
Perform standard trans-septal puncture of atrial septum via contralateral vein 
Administer heparin and ensure ACT > 250 seconds 
Insert .035” J-tip guide wire 
Advance delivery system over the guide wire and cross over into the left atrium (LA) 
Deploy LA side of implant using handle and image guidance 
Retract catheter slightly and deploy RA side of implant using handle and image 
guidance 
Remove guide wire and Delivery System 
End cardiac catheterization using standard institutional procedures 

6.4.3 Control Procedure 
The basic steps of the control procedure include the following: 

 
Assure complete patient blinding 
Obtain femoral venous access for ICE catheter: Perform skin puncture with needle 
on contralateral side, or 2nd puncture on same side if institutional practice is 
unilateral access for multiple punctures 
Administer heparin and ensure ACT > 250 seconds 
Insert Intra Cardiac Echo (ICE) Catheter for interrogation of:  

o Atrial septum for  presence of previously undetected PFO 
o Left atrial appendage for presence of previously undetected thrombus 

End cardiac catheterization using standard institutional procedures 

6.5 Withdrawal and discontinuation 
Subjects have the right to withdraw from the clinical investigation at any time and for any reason 
without prejudice to their future medical care by the investigation team or investigation site. 
Investigator will ask reason for their withdrawal. Investigator will record all information regarding the 
patient discontinuation.  
A subject may be withdrawn from the clinical investigation for the following reasons:  

Subjects may choose to withdraw from the clinical investigation under the terms of the 
Declaration of Helsinki and their consent documentation without having to give a reason;  
Any unanticipated adverse reaction which is, in the opinion of the Investigator, related to the 
treatment and will endanger the well-being of the patient if treatment is continued;  
Development of any inter-current illness(es), infection or condition(s) that might interfere 
with the CIP;  
Non-compliance with the clinical investigation procedures deemed by the Investigator to be 
sufficient to cause discontinuation;  
Any problem deemed by the Investigator to be sufficient to cause discontinuation.  
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The investigator will treat all subjects discontinued from the investigation due to an unanticipated 
adverse reaction, directly related to the investigation, until the reaction resolves.  
If possible, the investigator will perform any procedures or assessments planned for the subject at the 
time of withdrawal.  
 

6.6 Early termination of clinical investigation  
Both the Sponsor and Investigator reserve the right to terminate the clinical investigation at any time. 
After review of the clinical safety data, the DSMB will provide a written recommendation to Sponsor, 
Steering Committee, and Investigators to terminate the clinical investigation if necessary. If necessary, 
and after review and consultation with Principal Investigator, Sponsor will make a final determination 
on whether to terminate the study. 

6.7 Sub-study 
A sub-study will include an optional Cardiopulmonary Exercise Test (CPET) evaluation and Cardiac MRI 
in MRI eligible patients at baseline and follow up per Table 8a. This sub study will include select centers 
where this evaluation is well established. A description of this test can be found in Section 8.1 of this 
protocol: Procedures and Assessments. The data from the CPET and Cardiac MRI will be evaluated 
retrospectively by independent core laboratories. Appendices A and B outline exemplary testing 
methodology.  Participating sites will be provided with detailed instructions from the core labs that 
will explain what is needed for the study. 
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7.0 Medication Regimen 

Table 7a AHA/ACC 2013 HF Guidelines Recommendations for Treatment of 
HFpEF 

Systolic and diastolic blood pressure should be controlled according to 
published clinical practice guidelines 

Diuretics should be used for relief of symptoms due to volume overload. 

Coronary revascularization for patients with  CAD in whom angina or 
demonstrable myocardial ischemia is present despite GDMT 

Management of AF according  to published  clinical  practice  guidelines  for 
HFpEF to improve symptomatic  HF 

Use of beta-blocking agents, ACE inhibitors,  and ARBs for hypertension  in HFpEF ARBs 

might be considered to decrease hospitalizations in HFpEF 

Nutritional supplementation is not recommended in HFpEF 

I B (27,91) 

I C 
IIa C 

IIa C 

IIa C 
IIb B (589) 

III: No Benefit C 
 

Concomitant medications are required for the study and are based on the current medication use of each 
individual subject at the time of study participation.  The specific study required medication are listed in Table 
7b.  All medications and dosages for Sub-acute Bacterial Endocarditis (SBE) Prophylaxis are based on individual 
physician recommendations.   

 

Table 7b Medication Regimen 
The specific study required medications for all patients are listed in the following table. 

 
Table 7b Required Medication for randomized patients 

Medication Patient 
Population 

Pre-Implant 
Procedure 

During Implant 
and control 
Procedure 

Post-Procedure  

Heparin All subjects,  N/A Sufficient for 
ACT>250 seconds 
PRIOR to guide 
wire insertion  

N/A 

Aspirin AND 
Clopidogrel  

Subjects  not 
currently taking 
an oral 
anticoagulant 

Per institutional 
standards 

N/A Treatment arm: Clopidogrel  
for 6 months (dose 
determined per institutional 
standards) AND baby Aspirin 
75-100 mg p.o. daily 
indefinitely  

Control Arm:  Baby Aspirin 
75-100 mg p.o. daily for one 
year 
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Medication Patient 
Population 

Pre-Implant 
Procedure 

During Implant 
and control 
Procedure 

Post-Procedure  

Oral 
Anticoagulant 
(OAC) 

 

Subjects 
currently 
prescribed 
warfarin or oral 
anticoagulant 

Per institutional 
standards 

N/A Continue OAC per 
institutional standards 

 

SBE 
Prophylaxis 

All subjects  Per institutional 
standards 

Per Institutional 
Standards 

Required for a minimum of 
6-months. (Drug and dose 
per institutional standards) 

 
 

8.0 Summary of Required Procedures 
Refer to Table 8a below for the required pre and post procedure assessments from the initial baseline visit 
through end of follow up period.   
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TABLE 8a:  Required Procedures and Assessments    
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Signed Informed Consent X        

History & Physical Exam. Staff instructed 
to maintain blinding 

X  X 
 

X X X X 

NYHA Classification by blinded assessor X    X X X X 

6-minute Walk Test by blinded assessor X     X X  

QOL Instruments (KCCQ; and EQ-5D). Staff 
instructed to maintain blinding 

X   
 

X X X X  

Comprehensive Metabolic Panel X    X X   

CBC X    X X   

Local BNP or NT-Pro-BNP, MR-Pro-ANP is 
optional 

X   
 

X X X  

EKG (12 lead). Staff instructed to maintain 
blinding X  X 

 
X X X X 

Comprehensive transthoracic 
echocardiogram (TTE) with color flow 
Doppler, tissue Doppler, and 3D 
assessment of atrial septum. Staff 
instructed to maintain blinding  

X   

 

X* X X X (optional) 

Pre-randomization/follow-up resting and 
supine bike exercise right heart 
catheterization (non-femoral vein access). 
Staff to establish and maintain blinding. 
Invasive hemodynamic data NOT available 
to managing HF physician until after the 
12 months follow-up is complete.  

 X  

 

X    

Patient sedation 
 

X 
Immediately 

post 
qualification 

 

 

    

Establish patient blinding 
 

X 
Immediately 

post 
qualification 

 

 

    

Patient Blinded Randomization in the 
cardiac catheterization laboratory 
following hemodynamic qualification, 
maintained through 12 months by all staff 

 
X 

Immediately 
post 

qualification  

X 

 

X X X  
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TEST / EVALUATION 
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CONTROL ARM: Femoral venous access, 
fluoroscopy, and intra cardiac 
echocardiogram (ICE) with examination of 
atrial septum and left atrial appendage. 
Staff to maintain blinding  

 X  

 

    

TREATMENT ARM: Fluoroscopically and 
intra cardiac echocardiogram (ICE) guided 
IASD implant procedure for patients 
randomized to treatment arm, and cross-
over patients (Femoral vein access).  Staff 
to maintain blinding  

 X  

 

    

Pre-randomization diuretic drugs and dose 
maintained through 1 month follow up 
unless change is deemed medically 
necessary by blinded managing physician  

X X X X X    

Patient and Staff Blinding Survey (PRIOR to 
unblinding of patients and staff) 

      X  

UNBLINDING: Control arm patients have 
option to cross over to treatment arm  

   
 

  X**  

Adverse Events; Staff to maintain blinding X X X  X X X X 

CPET*** Staff blinded to treatment arm X     X X  

CMRI (including measurement of IASD at 
follow up)**** X   

 
 X X  

* 1 month TTE will include Valsalva maneuver for assessment of left to right flow through the device 
**Crossover patients will undergo same follow-up as investigational patients post-implant (an additional year of follow up) 
***   At sub study sites only 
**** In CMRI compatible patients only 

8.1 Procedures and Assessments 
 

8.1.1 Informed Consent process 
Investigators will not ask subjects to sign the Informed Consent Form until the clinical investigation has been 
fully approved by the institution’s EC/IRB and required regulatory authorities. Prior to study enrollment, it is 
the responsibility of the Principal Investigator (PI) to ensure that informed consent is obtained for every 
Subject enrolled at their institution. The Subject or Subject’s legally authorized representative must sign an 
informed consent form (ICF) that has been approved by Ethics Committee/ Institutional Review Board and the 
Sponsor. 

 
When the Investigator has determined the potential eligibility of a specific subject to enter the clinical 
investigation, the Investigator, or designee, will discuss and explain the clinical investigation with the subject. 
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The Investigator will provide an informed consent form to the subject. Subject will read the informed consent 
form, and the Investigator will answer any questions. The Investigator will obtain a signed informed consent 
form from the subject prior to any study-specific test, procedure, or assessment. The Investigator will provide 
subjects with a copy of their signed informed consent form. The Investigator will provide new information to 
new and existing subjects.  
The Investigator will maintain a copy of the EC/FDA approved Informed Consent Form along with a copy of 
each subject’s signed Informed Consent Form in a designated study file.  

8.1.2 History and Physical Exam  
Each subject shall undergo a complete medical history and physical exam prior to randomization to assess 
their current medical status and eligibility for study participation.   
A complete physical exam will be repeated at each follow up visit by a blinded staff member, preferably the 
heart failure specialist MD. 

 

8.1.3 New York Heart Association Classification 
Each subject will be classified according to New York Heart Association (NYHA) Functional Classification based 
on severity of symptoms and physical activity as published in the ESC Guidelines for the diagnosis and 
treatment of acute and chronic heart failure 2012.  Classification will occur at baseline and at each follow up 
visit. The physician determining the NYHA classification is blinded to treatment arm (and invasive baseline and 
follow-up hemodynamic, echocardiographic CPET, and MRI follow-up data) until the one year follow-up visit 
has been completed. 

Table 8b: NYHA Functional Classification 
Class I No limitation of physical activity. Ordinary physical activity does not cause undue 

breathlessness, fatigue or palpitations. 
Class II Slight limitation of physical activity.  Comfortable at rest, but ordinary physical 

activity results in undue breathlessness, fatigue, or palpitations. 
Class III Marked limitation of physical activity.  Comfortable at rest, but less than ordinary 

physical activity results in undue breathlessness, fatigue, or palpitations. 
Class IV Unable to carry on any physical activity without discomfort.  Symptoms at rest can 

be present.  If any physical activity is undertaken, discomfort is increased. 
 

8.1.4 Exercise Capacity Evaluations 
Each subject will undergo a 6-minute walk test at baseline, and at 6 and 12 months follow up visit. Staff 
conducting the test will be blinded to treatment arm until the one year follow-up visit has been completed.  
 
In addition, at select sub-study sites (section 6.7), subjects will undergo a Cardiopulmonary Exercise Test at 
baseline and at the 6 and 12 month follow up visits.  In this evaluation, a subject undergoes a graded exercise 
test while the operator measures both ventilation, and oxygen and carbon dioxide concentrations in the 
inhaled and exhaled air. The VO2max is determined to have occurred when oxygen consumption stabilizes 
despite increasing workload. Staff conducting the test is blinded to treatment arm until the one year follow-
up visit has been completed. 
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8.1.5 Quality of Life Evaluation 
Each subject will complete the KCCQ and the EQ-5D at baseline and at the 1, 6, 12, 24, 36, 48 and 60 months 
follow up visit. Staff conducting will maintain patient blinding until the one year follow-up visit has been 
completed. 

  

8.1.6 Blood Tests  
Each subject will have the following blood work performed: 

 
Comprehensive Metabolic Panel performed at baseline and at the 1 month and 6 month follow up 
visits 
Complete Blood Count performed at baseline and at the 1 month and 6 month follow up visit.  Test 
should include hemoglobin (Hgb), hematocrit (Hct), red blood cells (RBC) white blood cells (WBC) and 
platelets. 
Pro-BNP and/or NT-Pro-BNP performed at baseline, the 1 month and 6 month and 12 month. MR-
Pro-ANP is optional. 

 

8.1.7 12-Lead ECG 
Each subject will have a 12-lead ECG at baseline, prior to hospital discharge and at each follow up visit. 

 

8.1.8 Echocardiography  
Each subject will undergo a trans-thoracic echocardiogram (TTE), with color flow Doppler, performed 
according to echo core laboratory standards, at baseline and at the 1, 6 and 12 month follow up visits.  This 
will be optional at the 24, 36, 48 and 60 month follow up visit. This test will evaluate LV function, RV size and 
function, estimated PA systolic pressure, L  R (left to right) flow through the study device, and device 
integrity and location among others. Staff conducting will maintain patient blinding until the one year follow-
up visit has been completed. 
 
The baseline TTE will also include interrogation of the inter-atrial septum, LA, and RA to confirm suitable 
anatomy for device implantation, and to rule out other significant structural heart disease. See Appendix C for 
an exemplary echo acquisition manual.  All sites will be provided with a detailed Echocardiographic Acquisition 
Manual that will explain what is needed for the study. 
 
The one month follow up TTE will include Valsalva maneuver for assessment of left to right flow through the 
device. 
 
Each subject randomized to treatment arm (and ultimately cross-over patients) will have femoral venous 
access, fluoroscopy and Intra Cardiac Echocardiography (ICE) during the implant procedure.  This will assist in 
visualization to perform the trans-septal puncture, to deliver the implant, and to evaluate device placement, 
position, integrity and function (i.e., confirm flow through the study device). 
 
Each subject randomized to control arm will have femoral venous access, fluoroscopy, and Intra Cardiac 
Echocardiography (ICE) during the control procedure to examine the atrial septum, and left atrial 
appendage. 
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Staff conducting the echocardiographic evaluations will maintain patient blinding until the one year follow-
up visit has been completed. 

 
 

8.1.9 Catheter Based Invasive Hemodynamic Evaluations  
Resting and supine bike exercise right heart catheterization (Non-Femoral vein access) 
Each subject will undergo catheter based hemodynamic evaluation at rest and during supine ergometer 
exercise according to hemodynamic core laboratory standards.  This evaluation will allow for detailed 
interrogation of resting and exercise-induced hemodynamic pressures at baseline, and at 1 month follow up 
visit.  Pressure tracings (with simultaneous ECG recordings) will be recorded and reported to the core lab.  
This will include measurement of right atrial pressure (RAP), pulmonary arterial pressure (PAP) and end 
expiratory pulmonary capillary wedge pressure (PCWP).  In addition, blood samples will be collected (in 
duplicate) and analyzed for oxygen saturations at both rest and peak exercise from the superior vena cava, 
inferior vena cava, pulmonary artery, and systemic arterial sample for calculation of Fick CO.  See Appendix 
D for exemplary hemodynamic methodology.  All sites will be provided with a detailed Hemodynamic 
Acquisition Manual that will explain what is needed for the study. 

 
Staff conducting the hemodynamic evaluation will maintain patient blinding until the one year follow-up 
visit has been completed 

 

8.1.10 Cardiac MRI 
Subjects will undergo a cardiac MRI (section 6.7), at baseline and at the 6 and 12 month follow up visits. This 
evaluation will allow measurement of cardiac chamber dimensions, ventricular function, cardiac output, and 
flow pattern through the IASD.  In particular, it will allow for an accurate assessment of potential changes in 
these parameters in both treatment arms. Staff conducting the MRI evaluation will maintain patient blinding 
until the one year follow-up visit has been completed. 
 

9.0 Adverse Events, Adverse Device Effects and Device Deficiencies  

9.1 Definitions 
Adverse events will be reported and classified by the investigator using specific signs, symptoms or 
abnormal laboratory values, or medical diagnosis, if no signs, symptoms or abnormal laboratory 
values can be identified. Both US, and OUS are described below.  The sponsor is responsible for 
determining which adverse events are required to be reported to regulatory authorities and for 
submitting such reports within the required time periods. 

9.1.1 US Safety Reporting 
The investigator in the US will classify the adverse events based on the definitions as follows 
and the 1996 International Conference on Harmonization E-6 Guidelines for Good Clinical 
Practice (ICH/GCP). 

Adverse event: Any untoward or physical or psychological occurrence or undesirable and 
unintended effect for a participant that may present during interventions and interactions 
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used in the research or from the collection of identifiable private information under the 
research, whether or not there may be a relationship to the individual’s participation in the 
research.  

 
Anticipated problem/adverse event: Any foreseen or expected problem or event which was 
described in the general investigational plan, the current application, the current investigator 
brochure, or in the informed consent document submitted to the IRB.  

 
Related to the research: An event is related to the research if, in the opinion of the 
investigator, it was, more likely than not, the result of the interventions or interactions used 
in the research or the result of the collection of identifiable private information in the research 
(i.e., there is a reasonable possibility that the event may have been caused by participation in 
the research).  

 
Serious adverse event: Any adverse event temporally associated with the individual’s 
participation in research that meets any of the following criteria:  

Results in death  
Is life threatening (places the subject at immediate risk of death from the event as it 
occurs)  
Requires inpatient hospitalization or prolongation of existing hospitalization  
Results in a persistent or significant disability/incapacity  
Results in a congenital anomaly/birth defect 
Based upon appropriate medical judgment, may jeopardize the individual’s health 
and may   require medical or surgical intervention to prevent one of the other 
outcomes listed in this definition  
Results in a breach of confidentiality that is damaging to the participant’s rights, 
employment, financial standing or reputation  

 
Unanticipated problems involving risks to subjects or others: Any incident, experience, or 
outcome that meets all of the following criteria:  

Is unexpected (in terms of nature, severity, or frequency) given (a) the research 
procedures that are described in the protocol-related documents, such as the IRB-
approved research protocol and informed consent document; and (b) the 
characteristics of the subject population being studied  
Is related or possibly related to an individual’s participation in the research  
Suggests that the research places subjects or others at a greater risk of harm 
(including physical, psychological, economic, or social harm) related to the research 
than was previously known  

 
Unexpected adverse event: Any adverse event occurring in one or more participants in a 
protocol when the nature, severity, or frequency is not consistent with either: 

the known or foreseeable risk of adverse events associated with the research 
procedures that are described in (a) the protocol-related documents (i.e., the IRB-
approved research protocol, any applicable investigator brochure, and the current 
IRB-approved informed consent document) and (b) other relevant sources of 
information (i.e., product labeling and package inserts); or  
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the expected natural progression of any underlying disease, disorder, or condition of 
the individuals(s) experiencing the adverse event and the individual’s predisposing 
risk factor profile for the adverse event.  

 
Unanticipated adverse device effect (UADE): Any serious effect on health or safety or any 
life-threatening problem or death caused by, or associated with, a device, if that effect, 
problem, or death was not previously identified in nature, severity, or degree of incidence in 
the investigational plan or application (including a supplementary plan or application), or any 
other unanticipated serious problem associated with a device that relates to the rights, safety, 
or welfare of subjects (21 CFR 812.3(s)).  

Device deficiency 

A device deficiency is an inadequacy of a medical device with respect to its identity, quality, 
durability, reliability, safety or performance.  

Note: 

Device deficiencies include malfunctions, use errors, and inadequate labeling. 

 

Malfunction  

Failure of an investigational medical device to perform in accordance with its intended 
purpose when used in accordance with the instructions for use or protocol. 

 

Use error 

Act or omission of an act that results in a different medical device response than intended 
by the manufacturer or expected by the user. 

Notes: 

Use error includes slips, lapses, and mistakes. 

An unexpected physiological response of the subject does not in itself constitute a use error. 

 

9.1.2 Outside US Safety Reporting 
The investigator outside the US will classify the adverse events based on the definitions as 
follows (ISO 14155:2011) 

Adverse events (AE) 

An adverse event is any untoward medical occurrence, unintended disease or injury, or 
untoward clinical signs (including abnormal laboratory findings) in subjects, users or other 
persons, whether or not related to the investigational medical device.  

Notes: 

This definition includes events related to the investigational medical device. 

This definition includes events related to the procedures involved. 
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For users or other persons, this definition is restricted to events related to investigational 
devices. 

 

Serious adverse events (SAE) 

A serious adverse event is an adverse event that: 
Led to death, 
Led to serious deterioration in the health of the subject, that either resulted in 

o a life-threatening illness or injury, or 
o a permanent impairment of a body structure or a body function, or 
o in-patient or prolonged hospitalization, or 
o medical or surgical intervention to prevent life-threatening illness or injury 

or permanent impairment to a body structure or a body function, 
Led to fetal distress, fetal death or a congenital abnormality or birth defect. 

 

Note: 

Planned hospitalization for a pre-existing condition, or a procedure required by the CIP, 
without serious deterioration in health, is not considered a serious adverse event. 

 

Adverse device effect (ADE) 

Adverse event related to the use of an investigational medical device. 

Notes: 

This definition includes adverse events resulting from insufficient or inadequate instructions 
for use, deployment, implantation, installation, or operation, or any malfunction of the 
investigational medical device.   

This definition includes any event resulting from use error or from intentional misuse of the 
investigational medical device. 

 

Serious adverse device effect (SADE) 

Adverse device effect that has resulted in any of the consequences characteristic of a serious 
adverse event.   

 

Unanticipated serious adverse device effect (USADE) 

Serious adverse device effect, which by its nature, incidence, severity or outcome has not 
been identified in the current version of the risk analysis report.   

Note: 

Anticipated serious adverse device effect is a serious adverse device effect which by its 
nature, incidence, severity or outcome has been identified in the risk analysis report. 
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9.2 Assessment of Relationship to Investigational Device 
Principal Investigators are required to assess whether there is a reasonable possibility that the 
Investigational Device caused or contributed to an AE.  Sponsor defines three degrees of 
relatedness: not related, possibly, and probably related to the Investigational Device. The following 
definitions will be used to assess the relationship of the Adverse Effect to use of the Investigational 
Device: 

Not Related: The effect is definitely not associated with use of the Investigational Device. 
The Adverse Effect is due to an underlying or concurrent illness or effect of 
another device or drug. 

Possibly 
Related: 

The temporal sequence between use of the Investigational Device and the 
effect is such that the relationship is not unlikely or Subject’s condition or 
concomitant therapy could have caused the AE. 

Probably 
Related 

temporal association; other etiologies are possible, but unlikely 

 

If any Adverse Event is considered to be “possibly” or ‘probably’ related to the use of the 
Investigational Device, that event will be classified as an ADE or a SADE. 

 

9.3 Study Committees 
1. Data Safety Monitoring Board (DSMB) 

The DSMB is a an expert committee, independent from the investigators 
and the sponsor of the trial, which periodically examines the safety data 
accumulated during progress of the trial and ensures that the benefit/risk 
ratio remains acceptable for participating patients. 
The DSMB meets on regular basis to review adverse events and outcome 
data. 

2. Clinical Events Committee (CEC) 
The CEC is an independent committee focused on the adjudication of major 
endpoints or events in clinical trials. CEC adjudication provides a standard, 
systematic and unbiased assessment of endpoints to determine whether 
they meet protocol-specified criteria. 
The CEC will meet at least once prior to each DSMB meeting to review and 
adjudicate serious adverse events and outcome data (occurs as needed) 

3. Steering committee 
The primary purpose is to guide the underlying organization through a 
project.  They assist the sponsor to help deliberate, make decisions, provide 
strategic direction, and to be an “advocate” for the initiatives involved.  The 
steering committee may assist the sponsor as needed in the decision 
making process for this clinical trial. 
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9.4 List of foreseeable adverse events and anticipated adverse device 
effects  

The Sponsor used risk analysis as a basis for identifying anticipated adverse device effects 
characterized by their nature, incidence, severity and outcome. An anticipated adverse event is an 
event that has been reported in the literature.  

A list of adverse events which may result from these percutaneous procedures, as well as those 
clinical adverse events identified as unique to the study device can be found in Section 13 
Risk/Benefit Analysis as well as in the Investigators Brochure. 

 

9.5 Handling and reporting of adverse events  
Investigator will report “to the sponsor, without unjustified delay, all serious adverse events and 
device deficiencies that could have led to a serious adverse device effect; this information shall be 
promptly followed by detailed written reports” [ISO 14155:2011 § 9.8 b and 21 CFR 812.150]. 
Device malfunctions and use errors should also be reported without unjustified delay.  

All Serious Adverse Events (SA(D)Es), including all device deficiencies should be notified to the 
Sponsor and the CRO within 24 hours of an event knowledge.  

Harvard Clinical Research Institute (HCRI) 
930 Commonwealth Avenue #3 

Boston, Massachusetts USA 
 

Reporting all Serious Adverse Events (SA(D)Es), including all device deficiencies should also be 
done by completing the e-CRF (AE/SAE and Device Deficiency forms) within 24 hours of event 
knowledge. 

Unless not possible, Investigator will return the entire delivery system, and if available the implant 
involved in a potential deficiency to Sponsor for analysis. 

Investigator will document all AEs on the Adverse Event Form, including (at a minimum) a 
description of the event, date of onset, severity, relationship to the investigational device and/or 
procedure, required interventions, duration, and outcome. The investigator will monitor all AEs 
until they are resolved, determined to be a chronic condition or the subject is lost to follow-up.  
Investigator will report all AEs regardless of whether it is anticipated or unanticipated and 
regardless of classification, seriousness, intensity, outcome or causality. 

In the event of subject death, the investigator will make reasonable effort to obtain an autopsy, 
and a copy of the autopsy report and/or death summary. The investigator will determine the mode 
and cause of death and its relationship to the investigational device; Investigator will record results 
on the Adverse Event Form. The investigator will include copies of an autopsy report, if available, 
and/or a death summary with this form. 

9.5.1 Reporting AEs to the Ethics Committee 
It is the responsibility of each Investigator to report all Serious Adverse Events and/or 
Serious Adverse Device Effects to the Ethics Committee, according to national regulations 
and Ethics Committee requirements. A copy of the Ethics Committee report should be 
forwarded to Corvia Medical.  
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Corvia Medical is responsible for the classification and reporting of adverse events and 
ongoing safety evaluation of the clinical investigation in line with ISO 14155:2011 and 
regulatory requirements. 

Corvia Medical will assure that all Serious Adverse Events are reported to the Competent 
Authorities in accordance with European Medical Devices directives and all applicable 
national regulations. 

9.5.2 Reporting UADEs to IRB/FDA in Clinical Trials of Devices under the IDE 
Regulations 

The investigational device exemption (IDE) regulations define an unanticipated adverse 
device effect (UADE) as “any serious adverse effect on health or safety or any life-threatening 
problem or death caused by, or associated with, a device, if that effect, problem, or death 
was not previously identified in nature, severity, or degree of incidence in the investigational 
plan or application (including a supplementary plan or application), or any other 
unanticipated serious problem associated with a device that relates to the rights, safety, or 
welfare of subjects” (21 CFR 812.3(s)). UADEs must be reported by the clinical investigator to 
the sponsor and the reviewing IRB, as described below: 

 
For device studies, investigators are required to submit a report of a UADE to the sponsor and 
the reviewing IRB as soon as possible, but in no event later than 10 working days after the 
investigator first learns of the event (§ 812.150(a)). 

 
Sponsors must immediately conduct an evaluation of a UADE and must report the results of 
the evaluation to FDA, all reviewing IRBs, and participating investigators within 10 working 
days after the sponsor first receives notice of the effect (§§ 812.46(b), 812.150(b)). 

 

10.0 Statistical Plan 

10.1 Sample Size Determination 
 

The primary effectiveness outcome is the change in supine exercise PCWP from baseline at 1 month.   
At each of baseline and 1 month, four supine exercise PCWP measurements will be measured (at 20W, 
40W, 60W, 80W).   The null and alternative hypotheses of interest across these four measurements 
are: 

 
H0: I20W – C20W = 0, I40W – C40W = 0, I60W – C60W = 0, I80W – C80W = 0 
H1: At least one of the following is true:  

I20W – C20W  0, I40W – C40W  0, I60W – C60W  0, I80W – C80W  0 
 

where IiW and CiW are the mean change from baseline to 1-month PCWP at iW for the IASD System II 
and control, respectively, where i = 20, 40, 60, 80.  
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The assumptions used for the power calculations are generated from historical data and data from the 
pilot study.   

 
Assuming a mean change in exercise PCWP of -6.0 mmHg for IASD System II and 0.0 mmHg for control 
at each of 20W, 40W, 60W and 80W, and assuming a standard deviation in PCWP change of 7.2 mmHg 
in each treatment group at each of 20W, 40W, 60W and 80W, a sample size of 20 evaluable subjects 
per treatment group yields 82% power to detect a significant beneficial effect of IASD System II over 
control when comparing treatment means using a mixed measures repeated model (MMRM) analysis 
of covariance (ANCOVA), assuming the compound symmetry correlation structure where the pairwise 
correlations between 20W, 40W, 60W and 80W are 0.8 or less.  Sample size was calculated using the 
PASS 13 software. 

10.2 Study populations 
Intent-to-treat: All randomized patients.   
Per-protocol (PP):  Subset of ITT with successful implant.   
Safety:  ITT in whom an implant of the IADS System II was at least attempted.  This is the primary 
analysis set for safety. 

10.3 Statistical analysis 

10.3.1 General Statistical Approach 
All statistical tests will be carried out at a two-sided 0.05 level of significance, and all p-values 
will be presented as two-sided p-values.  Analyses will be carried out using SAS version 9.4 or 
higher.  Due to the nature of the study, there will be no imputation for missing data; also, it 
is expected that there will be no dropouts at one-month, the time at which the primary 
effectiveness and safety endpoint data are collected. 

10.3.2 Key Effectiveness Outcome Measure 
The primary effectiveness outcome is the change in supine exercise PCWP from baseline at 1 
month.   At each of baseline and 1 month, four supine exercise PCWP measurements will be 
measured (at 20W, 40W, 60W, 80W).  The null and alternative hypotheses of interest across 
these four measurements are: 

 
 H0: I20W – C20W = 0, I40W – C40W = 0, I60W – C60W = 0, I80W – C80W = 0 
 H1: At least one of the following is true:  
 I20W – C20W  0, I40W – C40W  0, I60W – C60W  0, I80W – C80W  0 

 
where IiW and CiW are the mean change from baseline to 1-month PCWP at iW for the IASD 
System II and control, respectively, where i = 20, 40, 60, 80.   

 
Descriptive statistics (sample size, mean, standard deviation, median, minimum and 
maximum) of the change in PCWP at 1 month will be presented for each treatment group for 
each of 20W, 40W, 60W, 80W. Treatments will be compared on change in exercise PCWP 
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across the 4 values using MMRM ANCOVA adjusting for the corresponding baseline exercise 
PCWPs, using a two-sided 0.05 level of significance.  

 
In addition, descriptive statistics of PCWP will also be presented at each visit (baseline, 1-
month) for each of 20W, 40W, 60W and 80W.    

 

10.3.3 Key Safety Outcome Measure 
The key safety outcome measure is the composite incidence of one or more of the following: 
major adverse cardiac, cerebrovascular embolic, or renal events (MACCRE) at 1 month.  The 
analysis on the endpoint of MACCRE at 1 month will be descriptive (percentage of patients 
with MACCRE and two-sided exact confidence interval of the percentage based on the 
binomial distribution for each treatment group). While there is no formal hypothesis testing 
on this endpoint, note that for the investigational arm, it is anticipated that the true MACCRE 
rate in the population is approximately 5%.  Under this assumption, there is a 92% chance in 
a sample of size 20 that the observed rate will be 10% or less.  This analysis will be carried out 
on the ITT population with available data (follow up through one month, or a MACCRE event 
by 1-month). 

 
Also for each treatment group, Kaplan-Meier curves and estimates of cumulative MACCRE 
rate at 12 months will be presented for all patients in the ITT population regardless of length 
of follow-up.  A two-sided 95% confidence interval of the difference between treatments with 
respect to the Kaplan-Meier estimates of cumulative MACCRE rate will be presented.  In this 
analysis, patients not experiencing MACCRE will be censored at 1-month or at last known 
follow-up, whichever is earlier. 

 

10.3.4 Key Secondary Outcome Measures 
 

Other important outcome measures of interest include the following (there will be no 
adjustment for multiple treatment comparisons): 

 
Change in supine exercise PEAK PCWP from baseline at 1 month.   This will be compared across 
treatment groups using analysis of covariance adjusting for baseline PEAK PWCP. 
Cardiovascular death through 12 months: this will be analyzed in the ITT population with 
available data (i.e., randomized patients with follow-up through 12 months or with a 
cardiovascular death) in a similar manner as the primary safety endpoint.  Also for all patients 
in the ITT population, Kaplan-Meier curves for each treatment, where patients not 
experiencing cardiovascular death will be censored at 12 months or at last known follow-up 
(whichever is earlier), will be presented.  There will be no formal statistical comparison 
between treatment groups on this outcome. 
Rate of total (first plus recurrent) HF admissions/emergency clinic visits or acute care facilities 
for IV diuresis for HF through 12 months: The number of HF admissions/emergency clinic visits 
per patient-year of follow-up will be presented for each treatment group.  There will be no 
statistical comparison between treatment groups on this outcome. 
Change in QOL (EQ-5D, and KCCQ score) at 12 months: these endpoints will be compared 
across treatment groups using analysis of covariance adjusting for baseline QOL. 
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10.3.5 Additional Outcome Measures 

10.3.5.1 Safety related outcome measures: 
1. Major adverse cardiac events through 12-months  
2. All serious adverse events (SAEs) through 12-months  
3. All-cause mortality, CV mortality and heart failure related mortality through 12 months 
4. Newly acquired persistent or permanent AF or atrial flutter through 12-months  
5. Implant embolization and clinically significant device migration through 12-months. 
6. Systemic embolic events through 12-months.  
7. Increase in RV size/decrease in RV function through 12-months 
8. The need for implant removal or occlusion of the implant. 

 

10.3.5.2 Efficacy related outcome measures: 
1. All-cause, and heart failure related hospitalizations/emergency department visits with IV 

treatment for HF; and number of hospitalization days, ICU days through 12 months 
2. Treatment for outpatient worsening of heart failure  
3. Days alive, and not-hospitalized through 12-months 
4. Change in blinded investigator assessed NYHA classification between baseline and 12 

months. 
5. Change in 6MWT distance between baseline and 12 months  
6. Assessment of shunt dimensions and flow at 12 months 
7. Changes in resting and exercise PA pressures and CI between baseline and 1 month as 

assessed by an independent blinded hemodynamic core laboratory. 
8. Change in BNP and/or NT-pro-BNP between baseline and at 12 months. MR-ANP is 

optional. 
9. Changes in LA, LV dimensions, volume, and function, between baseline and 12 months 

assessed by an independent echocardiographic core laboratory 
10. Changes in RA, LA, LV and RV dimensions, volume, and function between baseline and 12 

months assessed by a cardiac MRI core laboratory (Sub-study only) 
11. Change in CPET parameters (including exercise time) between baseline and 12 months as 

assessed by an independent blinded CPET core laboratory (Sub-study only) 
12. Change in diuretic medications between baseline and 12 months 

 
Continuous variables above will be analyzed and compared between treatment groups in a 
similar manner as the key secondary effectiveness endpoint.  Dichotomous outcomes will be 
analyzed in a similar manner as the primary safety endpoint, including the Kaplan-Meier 
estimates if there is a time-to-event component of the endpoint.  There will be no statistical 
treatment comparisons for the dichotomous outcomes.  These analysis will be carried out on 
the ITT and PP populations. 

 

10.3.5.3 Interim Efficacy Analysis: 
After 20 patients have been randomized and followed for one month, an interim MMRM 
treatment comparison on change from baseline to 1 month PCWP (across 20W, 40W, 60W 
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and 80W simultaneously) will be carried out.  The purpose of this interim analysis is not to 
stop the trial for overwhelming efficacy or futility, but to potentially increase the sample size 
if the observed mean PCWP improvement still favors IASD over control, but where the IASD 
effect is not as large as anticipated in the original sample size calculations (but where the IASD 
effect is still clinically relevant).  The interim analysis will be generated and reviewed by an 
independent statistician not otherwise involved in the study, who will report to the Sponsor 
of whether or not a sample size increase is needed, but with no other details regarding the 
interim results.  

 
At this interim stage, the conditional power for rejecting the above PCWP null hypothesis will 
be calculated, conditioned on the interim observed results.  If the conditional power is  80%, 
the study will continue as is.  If the conditional power is between 50% and 80%, the sample 
size increase required to achieve 80% conditional power will be calculated using the Chen-
DeMets-Lan (CDL)64 approach.   If conditional power is between 0% and 50%, no sample size 
increase will be carried out and the study will continue as is. 

  
Under the CDL approach, an “alpha-penalty” does not need to be made for any sample size 
increase as long as the maximum sample size increase required to maintain 80% power is 
below the bound 100*R% of the original sample size, where R is calculated as follows: 

 
(1+R) ( (1+R)-1)/ (1+R-t)=0.84/1.96 

 
where t is the proportion of subjects at the interim analysis (t=0.5), 0.84 is the standard 
normal (z) critical value corresponding to 80% power, and 1.96 is the z critical value 
corresponding to a two-sided alpha of 0.05.  Specifically, as long as the sample size increase 
required to maintain 80% conditional power is <R*100% of the original sample size, then the 
sample size increase does not require an alpha-penalty. 

 

10.3.6 Adverse Events 
 

The following will be presented on the Safety population. 
 

A treatment emergent adverse event (TEAE) is defined as an adverse event starting or 
worsening at or after the start of the procedure attempt (day 0) through 30 days.  The number 
and percentage of patients with at least one TEAE will be presented for each treatment overall 
and by MedDRA system organ class and preferred term.  This will be repeated for serious 
TEAEs, unanticipated adverse device effects and unanticipated serious adverse device effects. 

 
The number and percentage of patients with a device deficiency, device malfunction and use 
error will be presented by treatment group. 

 

11.0 Data Management 
An eCRF that is in compliance with 21 CFR part 11 will be used for this trial. The investigators will enter all CRF 
data into a central database. The sponsor or its designee will promptly address any data issues with the 
Investigator. The sponsor or its designee will establish quality assurance procedures to ensure that complete, 
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accurate and timely data are submitted, that study requirements are followed, and that complications, 
adverse events and adverse device effects are correctly reported and investigated, as appropriate. The 
investigator will maintain all source documents as required by the CIP, including laboratory results, supporting 
medical records, and signed Informed Consent forms. Sponsor and/or monitor will use source documents 
during the regular monitoring visits to verify what is entered in the database. 

 

11.1 Subject numbering  
A Subject Identification (ID) number will identify subjects, which is a combination of the specified site 
number and a sequential number assigned by the site. Investigator will consecutively assign the 
subject ID, starting with 001 for study subjects. No initials will be recorded in this trial. 

11.2 Data retention  
Sponsor and Investigator will maintain the clinical investigation documents for a minimal period of 
fifteen (15) years after the clinical investigation is completed, or longer depending on national 
requirements. They will take measures to prevent accidental or premature destruction of these 
documents and ensure these are filed in a secure place. Investigator or Sponsor may transfer custody 
of records to another person or party and document the transfer at the investigation site, or at the 
Sponsor's facility. 

11.3 Core Labs 
All echocardiographic, CPET, cardiac MRI, Quality of Life, and hemodynamic data will be adjudicated 
retrospectively by independent core laboratories.  Sites will follow specified testing protocols and 
guided instructions as well as undergo training as required by the core labs.  This will help to ensure 
that consistent data is obtained and collected at all required data points.  Core labs will not determine 
subject eligibility prior to enrollment, eligibility assessment is the responsibility of the investigators. 

11.4 Data Collection Process 
After enrolling a subject, the Principal Investigator and/or their designee will enter all relevant and 
required data onto the CRFs.  All CRFs must be completed in full and then signed by the Principal 
Investigator. 

11.5 Data Query and Backup Process 
The investigational site may be contacted by Corvia Medical personnel or designee to clarify data 
entered on the CRF or to supply additional data. The data manager will complete periodic data backup 
of any electronically based files to minimize the risk of data loss. 

11.6 Data Confidentiality 
Information about study subjects will be kept confidential and managed according to the 
requirements of the Health Insurance Portability and Accountability Act of 1996 (HIPAA).  Those 
regulations require a signed subject authorization informing the subject of the following:  

 
What protected health information (PHI) will be collected from subjects in this study 
Who will have access to that information and why 
Who will use or disclose that information 
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The rights of a research subject to revoke their authorization for use of their PHI.  
 

In the event that a subject revokes authorization to collect or use PHI, the investigator, by regulation, 
retains the ability to use all information collected prior to the revocation of subject authorization.  For 
subjects that have revoked authorization to collect or use PHI, attempts should be made to obtain 
permission to collect at least vital status (i.e. that the subject is alive) at the end of their scheduled 
study period. 

 
Corvia Medical, its designees or regulatory or health authorities may review medical records for 
validation purposes or to ensure compliance with health authority requests.  Corvia Medical, core lab 
staff, and study center personnel will not, under any circumstances, disclose subject identity to a third 
party for promotional or other uses.  

 
For any electronic data capture, passwords will be issued to study personnel to ensure subject 
confidentiality and protection of the data by allowing variable levels of access.  To protect the 
identities of study subjects, only investigators, designated investigational staff and Corvia Medical (or 
its designee) will have access to information that identifies a participating subject. All subjects will be 
assigned a unique subject identifier and names will not appear on any CRF.    

 

11.7 Quality Assurance 
Only individuals designated by the Principal Investigator and trained by Corvia Medical personnel 
and/or their designee, may enter data on the CRFs. All CRFs will be reviewed for accuracy and signed 
by the Principal Investigator. Any discrepancies identified will be documented and every attempt will 
be made to reconcile the data. Periodic monitoring will be conducted to ensure that data is complete 
and accurate, and is collected and reported in a timely manner. Any electronic data capture (EDC) will 
be performed using a validated EDC system.  

 

12.0 Ethical, Regulatory and Administrative Requirements 

12.1 Internal Review Board, Ethics Committee and Regulatory Approvals 
Before study commencement, the Principal Investigator must provide the study sponsor with written 
documentation of IRB or Ethics Committee approval of the protocol and informed consent form.  The 
study will not start until written documentation of all required local and national regulatory approvals 
are obtained.  
 

12.2 Justification for Study Design 
The risks in this study are minimized by using procedures which are consistent with a sound research 
design (randomization and blinding) and which do not unnecessarily expose subjects to risk. The 
Sponsor believes that there is no other way to perform this study than with an Intra-Cardiac 
Echocardiographic cardiac catheterization control procedure, to avoid study design biases. 
Specifically: 
1. Observational bias (the observer-expectancy effect) in which the study team’s cognitive bias 

causes them to unconsciously influence the participants of an experiment; 
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2. Reporting bias which would be the tendency of subjects to under-report unexpected or 
undesirable experimental results because they know which group they are in; and  

3. Placebo (control procedure) effect - effects from procedure that do not depend on the study 
procedures or the device itself. Subjects might also develop expectations of the device’s 
effectiveness by knowing which group they are in.   

The Sponsor believes that risks to subjects as a result of performing the Intra-Cardiac 
Echocardiographic cardiac catheterization control procedure are reasonable in relation to the 
anticipated benefits to the subjects and the importance of knowledge that may reasonably be 
expected to result. The Sponsor acknowledges that the risks to subjects getting a control cardiac 
catheterization procedure are not justified solely by the potential of the cardiac catheterization 
procedure, but the sponsor believes that the risks are justified by both the potential benefits of the 
control cardiac catheterization procedure along with the potential knowledge about a treatment for 
a condition without clearly effective treatments.  Specifically: 
1. Knowledge to be gained: The societal benefit of performing this study is the device could be 

available in the future as a treatment for a condition that presently is not readily treatable. 
2. Extension phase of the study: After control subjects complete the randomized, blinded study 

they could potentially benefit from a device that reduces elevated left atrial pressure in patients 
with heart failure. 

3. Diagnostic value:  the Intra-Cardiac Echocardiographic cardiac catheterization Control procedure 
itself will serve as a diagnostic procedure to detect heart defects that might have been missed in 
other examinations, such as a patent foramen ovale (PFO), small atrial septal defects, and to 
identify evidence of thrombus in the left atrium. If detected, treatment for thrombus would be 
instituted. A PFO or small ASD, may affect the clinical outcome in the control group. 

The Sponsor believes risks are further minimized with a plan for monitoring the data collected to 
ensure the safety of the all subjects by stopping the research early if the relationship of risks and 
potential benefits changes.  

 

12.3 Protocol Adherence  
The Investigator is not allowed to deviate from the protocol.  

 
Under emergency circumstances, deviations from the protocol to protect the rights, safety and well-
being of human subjects may proceed without prior approval of the sponsor and the IRB or the Ethics 
Committee. Reports of any deviation from the protocol under emergency circumstances will be 
reported to the Sponsor and to the IRB or the Ethics Committee as soon as possible after detection, 
but no later than twenty four (24) hours from the time of the deviation. 

 
Any deviations should be documented on the appropriate Protocol Deviation Case Report Form. 
If a Clinical Monitor becomes aware that an Investigator is not complying with the signed 
Investigator’s Agreement, the Investigational Plan, the requirements of ISO 14155, or FDA or other 
applicable regulations, or any conditions of approval imposed by the reviewing IRB and Ethics 
Committee, Corvia Medical, Inc. will immediately either secure compliance or discontinue shipments 
of the device to the Investigator and terminate the Investigator’s participation in the investigation.  
The Investigator will be required to return all investigational components of the (IASD® System II, 
unless this action would jeopardize the rights, safety or welfare of a patient. 

 



CL0009, Rev 04  CONFIDENTIAL Page 47 of 102 
Protocol #1501 - REDUCE LAP-HF RANDOMIZED TRIAL I 

Protocol deviations will be analyzed by Corvia Medical, Inc. for the impact to the overall integrity of 
the study.  Disqualification is warranted when an investigator has repeatedly or deliberately violated 
governing regulations or has repeatedly or deliberately submitted false information in any report. 
Where protocol deviations occur which do not warrant disqualification from a study, Corvia Medical, 
Inc. will implement appropriate corrective and preventive actions, including repeat training as 
deemed necessary. 

 
Any deviations from the protocol must be documented in detail by the Investigator and reported to 
the CRO as soon as possible. 

 
The following deviations are considered as major:  

Informed Consent process not respected 
Inclusion/Exclusion criteria not respected 
Misuse of medical device 
Lack of SAE / UADE reporting  
Any protocol assessments related to  the primary endpoints and key outcome measures that 
are not respected 

 
Any report of withdrawal of IRB/Ethics Committee approval will be submitted to the Sponsor within 
five (5) working days. 

 

12.4 Protocol Amendments 
As appropriate, the Sponsor will submit changes to the protocol to the appropriate regulatory 
authorities for approval and investigators (to obtain IRB/Ethics Committee approval) prior to 
implementing any changes. 

 

12.5 Informed Consent 
A signed and dated informed consent must be obtained for all subjects enrolled. Each subject will 
have the nature and purpose of this trial explained to him/her by the investigator or a designated 
research team member.  Subjects must be adequately informed of his/her participation in a clinical 
study and what will be required in order to comply with the study protocol.  The subject must have 
the opportunity to ask questions and must be informed that participation is voluntary.  The informed 
consent form must also be signed and dated by the research team member obtaining consent.  The 
signed informed consent form must remain in the subject’s study file and be available for review by 
the study monitor.   

 

12.6 Implant and Control Procedures 
The investigator is required to perform the procedure in accordance with this protocol and 
instructions for use.  
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12.7 Follow Up  
Investigational Sites will be assessed for compliance with follow up requirements as a component of 
site monitoring.  Inadequate follow up compliance may result in removal of devices from the site and 
suspension of study participation until all requirements are fulfilled.   

 

12.8 Monitoring plan 
The sponsor will conduct the clinical investigation per ISO 14155:2011, GCP/ICH, and 21 CFR 812. 
Sponsor and/or contract research organization (CRO) personnel will monitor the clinical investigation 
to assure consistency with the standards identified above and any applicable health authority 
regulations. 
 
A Steering Committee has been assembled and assigned the tasks of maintaining the quality of 
study conduct. 

 
The monitor(s) assigned by the sponsor to oversee the conduct and progress of the study are the 
primary communication links between the sponsor and Investigator. Monitor responsibilities may 
include investigator training, assurance of current IRB/Ethics Committee approvals, periodic on-site 
inspection and audit of site records to ensure continued compliance with the protocol, adequacy of 
the investigator and the facility to carry out the study, and verification that the device is being used 
in accordance with the instructions for use.  Functions that the monitor/sponsor will perform include: 

Pre-Investigation site evaluation to ensure sufficient staffing, cooperation, investigator 
training and adequate numbers of potential subjects. 
Review of study required documentation including signed agreements, protocol, required 
institutional approvals, Ethics Committee Approval. 
Site visits to discuss detailed potential patient identification plans 
Study site initiation to review with site staff the protocol requirements, report forms, data 
collection methods and any electronic data capturing system. Requirements for timely and 
accurate reporting of clinical data and unanticipated adverse events will be reviewed.  During 
this visit the monitor will ensure training in proper use of the investigational device as well as 
ensuring safe and secure storage of study devices and device accountability.  
Investigational device accountability records will be reviewed including devices received, 
receipt dates, quantity, lot numbers, storage and signature of study personnel responsible for 
accountability. 
Personal contact with the investigator and staff throughout the study by telephone, mail and 
on-site visits, to continue until study is completed. This monitoring will ensure continued 
protocol compliance, adequate enrollment, accurate data reporting and query resolution and 
continued Ethics Committee approval of the study.  A full record of monitoring activities will 
be maintained. 
Final on-site study close out visit at the completion of the investigation to collect outstanding 
documents and resolve outstanding queries, confirm site files are complete and accurate, 
review record retention requirements with the investigator and provide for return of unused 
study devices to sponsor.   

 
If the sponsor discovers that an Investigator is not complying with the CIP, applicable regulations, or 
any conditions of approval imposed by the reviewing IRB/EC, the sponsor will promptly secure 
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compliance.  The sponsor may take additional action, as necessary, such as discontinuing release of 
Corvia Medical equipment and terminating Investigator's participation in the investigation. The 
sponsor will also require Investigator to promptly return implantation equipment. 

 

12.9 Reports and Retention 
 

IDE regulations require the company (as study ‘Sponsor’) to submit a variety of reports to FDA during 
the conduct of a clinical trial.  The table below lists required reports, required distribution, report 
preparation responsibilities and reporting timelines. 

 
Report Type Required Distribution Reporting Timelines 

UADE FDA 

Reviewing IRBs 
Investigators 

Within 10 working days after 
receipt of notice of effect 

Withdrawal of IRB Approval FDA 
Reviewing IRBs 
Investigators 

Within 5 working days after 
receipt of withdrawal notice 
for all or part of an 
investigation 

Withdrawal of FDA Approval Reviewing IRBs 

Investigators 

Within 5 working days after 
receipt of notice 

Current Investigator List FDA Every 6-months after FDA 
approval 

Progress Reports FDA 

Reviewing IRBs 

At least every 12-months 
after FDA approval 

Recall and Device Dispositions FDA 

Reviewing IRBs 

Within 30 days after 
requesting investigator 
return, repair or otherwise 
dispose of any devices 

Final Report FDA 

Reviewing IRBs 
Investigators 

Within 6-months after study 
completion or termination 

Notification of Study Completion or 
Termination 

FDA Within 30 days of 
completion or termination 

 
 

The investigator is required to maintain records for a minimal period of fifteen (15) years after the 
clinical investigation is completed, or longer depending on national requirements.  A separate file will 
be maintained for each subject enrolled in the study. There will also be a CD maintained for each 
imaging study for each subject.  Each subject file will contain at a minimum: copy of signed informed 
consent, completed case report forms (if hard copy), copies of other subject specific correspondence, 
CDs of all imaging studies.  Case report forms may be in the form of hard copies or a validated 
electronic data capture system.   

 
All core laboratories and clinical sites will maintain study records until the Sponsor notifies them and 
the reviewing regulatory authorities that research is completed or terminated under the clinical 
investigation in compliance with national law.   
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12.10 Publication and Presentation Policy 
 

The sponsor has established a Publication and Presentation Committee (PPC). The principal role of 
the committee is to facilitate and coordinate generation of publications and presentations from data 
of CM sponsored clinical studies. The PPC will ensure that high quality evidence based abstracts and 
manuscripts are proactively submitted in order to secure: 1) presentations at scientific meetings; and 
2) publications in peer reviewed journals with the goals of facilitating the sharing of clinical data, 
supporting of regulatory, and reimbursement decisions, and to disseminate and facilitate 
understanding of CM technology and results.  
The committee will also facilitate determination of responsibility for publication and presentation of 
papers when multiple (co-)investigators or centers propose an idea; and the committee will establish 
guidelines for the selection of site authorship. The PPC will provide editorial assistance when 
requested. Whenever clinical data is the subject matter, regulatory review by Corvia Medical will be 
required prior to submission of manuscripts and abstracts and prior to presentation of the data.    
At the conclusion of the trial, several multi-center manuscripts will be prepared for publication in 
reputable peer reviewed scientific journals. The publication of the results from any single center 
experience within the trial is not allowed until the publication of the principal multi-center study 
results. Any and all exceptions to this rule require the prior written approval of the Sponsor, Corvia 
Medical, Inc.   
After the multicenter results have been presented and published, site investigators may present and 
publish study results, provided Sponsor receives a copy of any proposed oral presentation or written 
publication at least 45 days in advance of submission for publication for review. Sponsor has the right 
to comment on the appropriateness of the data analysis and presentation. Investigators will meet 
with Sponsor prior to submission for publication for the purpose of making good faith efforts to 
discuss and resolve any issues or disagreement. Upon Sponsor’s request, Investigator shall remove 
from any such oral presentation or written publication any material provided to Investigator by 
Sponsor or any confidential material. In addition, if requested in writing by Sponsor, Investigator will 
withhold such publication an additional 60 days to allow for filing a patent application or taking such 
other measures as Sponsor deems appropriate to establish and preserve its proprietary rights.   
 

12.11 Statement of Compliance 
 
The study will be conducted in compliance with the U.S. Department of Health and Human Services 
and U.S. Food and Drug Administration regulations for the protection of human subjects as described 
in 45 CFR Part 46 and 21 CFR Parts 50 and 56 and adheres to the International Conference on 
Harmonization (ICH) Good Clinical Practice (GCP) guidelines. 

 
The study will be conducted in accordance with the ethical principles that have their origin in the 
Declaration of Helsinki and will comply with ISO 14155:2011 regulations. 

 

12.12 Investigator Responsibilities 
Sign and adhere to the Investigator Agreement 
Sign and adhere to all of the required elements of the Clinical Protocol 
Resolve queries in a timely manner 
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Participate in Investigator meetings as required 
Comply with the Declaration of Helsinki 
Obtain written Informed Consent from each study participant before any study specific 
procedures are performed  
Complete all required case report forms (CRFs) for each subject 
Comply with all applicable regulations and codes of approvals from Ethics Committees and 
other regulatory authorities 
Notify Corvia Medical of personnel changes that may affect the study protocol 

Retain all records and study files until Corvia Medical notifies that files may be destroyed. 

Allow direct access to source data/documents, including subject records, in case of 
monitoring, auditing and/or inspection by the Ethics Committee and other regulatory 
authorities. 

 

12.13 Device Accountability and Storage 
 

The investigator is responsible for the device accountability at the trial site. The investigator may 
assign some of the duties for device accountability at the trial site to an appropriate staff member.   

 
Upon receipt of an investigational device shipment, the Investigator or designee is required to 
reconcile inventory of the product received and verify the shipment by signing the packing list.  All 
investigational devices must be stored in a locked storage facility to which only the investigator, 
pharmacist and/or designated assistants will have access.  The secure location should be a dry and 
ambient room temperature location. 

 
The investigator must ensure that the device is used only in accordance with the protocol. The 
investigator or his/her authorized representative is responsible to keep records documenting the 
receipt, use, return and disposal of the investigational devices.  For that, a Device Accountability Log 
(DAL) will be provided to each investigational site. Such log shall record dates, quantities, batch/serial 
numbers, expiration dates, and the unique code numbers assigned to the trial subjects, and date of 
procedure. A space will be provided for recording returned product and the reason for the return. The 
investigator should maintain records that adequately document that subjects were treated with the 
investigational device as specified by the protocol. 

 

13.0 Risk/Benefit Analysis 
The mortality and morbidity associated with HF and preserved or mildly reduced EF (as in the proposed study 
population) are quite extensive, as previously discussed. The therapeutic options available to HF subjects with 
preserved or mildly reduced EF are considerably limited compared to HF with reduced EF, despite a 
comparable burden of morbidity and mortality.  The clinical practice guidelines listed previously are indicative 
of the lack of substantial evidence to support any specific treatment other than the use of diuretics.  As a 
result, Corvia Medical’s technology and clinical trial efforts endeavor to provide a new therapeutic option to 
subjects who suffer from this morbid and mortal disease. 
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In a multi-center pilot study of the IASD device, eleven individuals with a diagnosis of heart failure with 
preserved or mildly reduced ejection fraction were successfully implanted using a percutaneous catheter 
based approach.  An analysis of the final data indicates that the study device was well tolerated in all 
patients, with no clinical evidence or reports of diminished forward cardiac output, development of right 
heart failure, or systemic embolic events. All patients have reached 12 months of follow-up (completed 
study).   

 
There were important clinical improvements in most of these patients, improvements in hemodynamics, 
exercise performance as measured by the 6 minute walk test, improvements in NYHA class and quality of life 
measured with the Minnesota Living with HF Questionnaire.  All patients survived the 12 months follow-up. 
Compared to prior year and baseline, outcome measures (at 12 months post implant) showed 82% freedom 
from heart failure hospitalization, 73% improvement in NYHA class, and 91% indicated improved quality of 
life.  One month and 1 year results have been published57,58.   

  
The primary outcome measure was serious adverse device events through 1-month post implant. Ten of the 
eleven patients experienced no serious adverse device events through 1-month post implant.  During one 
procedure, an implant mal-deployment occurred. The device was inadvertently completely released from the 
delivery catheter in the left atrium, however as it remained over the required pre-placed guide wire, the 
implant remained under control of the implanting MD. The root cause of the issue was deemed to be a 
combination of unusual anatomical landmarks and poor imaging quality. The device was retrieved 
percutaneously and a second IASD system was implanted uneventfully during the same index procedure. As 
a result of this incident, Corvia Medical modified the investigator training materials to help ensure appropriate 
visualization. In addition, a newly designed device was incorporated into the trial, with an integrated handle, 
designed to have improved control over implant release. 

 
Secondary outcomes measures are discussed below. 

1. Incidence of major adverse cardiac events through 12-months post implant.  Defined as cardiac death, 
myocardial infarction, cardiac tamponade or the occurrence of emergency cardiac surgery. 

 

None of the patients reported a major adverse cardiac event during the 12 month follow up period.   

1. Incidence of heart failure related adverse events through 12-months post implant 

At baseline, 6 of the 11 patients had a history of heart failure (HF) hospitalization.  Of these 6 patients with a 
history of multiple HF hospitalizations, 4 had no recurrent HF hospitalization during the 12-month post-
implant. In addition the 5 patients without a prior history of HF hospitalization remained free of hospitalization 
in the 12 month post implant. Only two patients experienced HF related adverse events, as described further 
below.   

 

1. Incidence of all serious adverse events (SAEs) through 12-months post implant 

Seventeen SAEs have been reported in seven patients (Table 13a). Most of these SAE (14/17) occurred more 
than 30 days after implant, most (12/17) were related to the underlying heart condition, and the majority 
(10/17) were recurrent HF hospitalizations in two patients who had multiple HF hospitalizations in the prior 
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year, and three were hospital visits (and thus by definition SAE) for repeat diagnostic follow-up right heart 
catheterizations.  

 
Table 13a - Pilot study SAEs through 12 months of follow-up 

SAE # of unique patients affected # of SAE 
HF Hospitalization (HFH) 2 10 
Repeat RHC 3 3 
Complete Heart Block 1 1 
Device Mal-deployment 1 1 
Abdominal hernia surgery 0 (in one of the HFH patients) 1 
Prolonged Hospitalization* 0 (in one of the HFH patients) 1 
All SAE 7 17 

* Before implant procedure  
 

Seven of the 17 SAEs (41%) occurred in a single patient who had a history of frequent HF hospitalizations (6 
HF hospitalizations during the 12-months prior to implantation). These SAEs were reported by the investigator 
as possibly procedure related.  All seven events resolved with diuretics.  

 
Another 5 (29%)  of the 17 SAEs occurred in one subject with prior HF hospitalization (2 HF hospitalizations 
during the 12-months prior to implantation) who originally presented with HFpEF and went on to develop 
ventricular ectopy of unknown cause resulting in HFrEF.  This patient was hospitalized four times (once after 
screening and before implant and three times after the implant) for heart failure with reduced EF, requiring 
IV diuretics, and once for abdominal hernia surgery.  These SAEs were not device or procedure related, and 
all events resolved with appropriate treatment.   

 
Three of the 17 SAEs were hospital visits for repeat diagnostic follow-up right heart catheterizations in 3 
patients, performed after the initial 1 month follow up right heart catheterization.   

 
These tests were repeated due to concerns over the applicability of the original 1 month evaluation as patients 
had changed their diuretic dose, and potential technical issues affecting the 1 month results.  Although these 
events were reported as SAE related to the fact that the patients were in the hospital for the diagnostic tests, 
these SAEs were not device or procedure related.   

 
The remaining four of the 17 SAEs occurred in 3 patients, and consisted of the following:  

o One (1) complete heart block occurred before the 30 day follow-up visit in a patient with a history 
of intermittent LBBB. While this event was most likely related to the pre-existing LBBB, the 
investigator could not rule out a possible device and/or procedure relationship. The SAE resolved 
with placement of a pacemaker;  
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o One (1) device mal-deployment that remained over the wire and was retrieved percutaneously; 
This SAE was considered possibly device and procedure related and was followed by successful 
implantation of a new device at the index procedure. 

o In one (1) of the two (2) patients hospitalized for HF, two (2) additional events occurred: 
o One (1) prolonged hospitalization after baseline studies, but prior to implant, for 

worsening heart failure due to the patient’s underlying condition and not related to the 
baseline studies. This SAE was not device or procedure related, and resolved with medical 
management;  

o One (1) abdominal hernia surgery.  This SAE was not device or procedure related, and was 
successfully resolved with surgery. 
 

There is currently a non-randomized open label clinical trial being conducted in Europe, Australia and New 
Zealand to evaluate the safety and performance of the IASD System II in the treatment of heart failure patients 
with elevated left atrial pressure, who remain symptomatic despite appropriate medical management.  
Enrollment in the study is complete and follow up is ongoing.   

One intra-cardiac device embolization/mal-deployment occurred. The operator had difficulty translating the 
thumb slide, the right atrial legs were released and the device was released into the left atrium. The device 
was snared and retrieved percutaneously.  A second IASD catheter was inserted resulting in a successful 
implant.    

As of June 8, 2015 there have been 6 pre-procedural events which are not discussed here. There have been 
30 peri-procedural and post-procedural serious adverse events reported in 66 patients with a collective total 
of 342 months of follow up (SAE incidence of 0.13 per patient/per month, 1.6 per patient/per year). Of the 30 
peri-procedural and post-procedural events (reported for nineteen individual patients), 8 were heart failure 
related; 6 were vascular (access) related; 4 were respiratory related; 3 were renal; 1 arrhythmia; 1 stroke; 1 
device malposition/intra-cardiac embolization (without clinical sequelae); 1 aortic dissection (during trans-
septal puncture) without clinical sequelae; 1 gout; 1 anemia; 1 sub-therapeutic INR; 1 left-sided headache and 
1 pre-syncopal episode (secondary to hypertension).  Fifteen SAEs occurred within the first month after 
implant, and 15 after the first month, as detailed in the tables below. 

SAE  30 days post procedure 
Description Number of Events 

(incidence) 
Heart Failure  2 (3.0%) 
Vascular (access)  6 (9.0%) 

Major 2 (3.0%) 
Minor 4 (6.0%) 

Respiratory 1 (1.5%) 
Renal 2 (3%) 
Device malposition/intra-cardiac embolization 1 (1.5%) 
Aortic dissection during trans septal puncture 1 (1.5%) 
Sub-therapeutic INR 1 (1.5%) 
Pre-syncopal episode 1 (1.5%) 

 15 (23%) 
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SAE >30 days post procedure 
Description Number of 

Events 
(incidence) 

Heart Failure  6 (9%) 
Respiratory 3 (4.5%) 
Renal insufficiency 1 (1.5%) 
Arrhythmia  1 (1.5%) 
Stroke 1 (1.5%) 
Gout 1 (1.5%) 
Anemia 1 (1.5%) 
Left sided headache 1 (1.5%) 

 15 (23%) 
 

Update as of October 6th, 2016: there have been 4 deaths reported in the study.  One occurred 7 months after 
implantation and was due to a respiratory tract infection following deterioration in renal function, reported 
approximately 4 months prior.  The patient had a history of coronary artery disease, CABG and COPD.  An 
autopsy was not performed.  These events were adjudicated by the Clinical Events Committee (CEC) as unlikely 
(renal insufficiency) and possibly (respiratory tract infection) related to the device, and not related to the 
procedure. The death was adjudicated by the CEC as not related to the device or procedure. The second death 
occurred 7 months after implantation following an ischemic stroke reported to have occurred 5 days prior.  
The patient had a history of hypertension and type II diabetes mellitus.  An autopsy was not performed on 
this patient. The 6 month follow-up echo demonstrated left to right flow at rest and no evidence of thrombus 
on or near the device per the independent core laboratory.  This was deemed by the site to be not related to 
the procedure and possibly related to the device and adjudicated by the CEC as the same. The third death 
occurred 12 months after implantation and the cause is not known.  The patient was found in bed by a family 
member.  The CEC adjudicated this event as unlikely to be related to the device and not related to the 
procedure.  The 4th death occurred 18 months after implantation and was heart failure related. The patient 
had been hospitalized and discharged to rest at home with end stage heart failure, and the patient was no 
longer to receive furosemide. The family reported a decline in overall health resulting in death. The CEC 
adjudicated this event as unlikely to be related to the device and not related to the procedure. The remaining 
patients continue in follow up.   

Seventy four serious adverse events adjudicated by the CEC are in the following table: 

CEC Adjudicated Events 
 Device Procedure 
Related 1 8 
Probably 
Related 

0 0 

Possibly 
Related 

17 4 

Unlikely 
Related 

6 0 
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 Device Procedure 
Unable to 
Determine 

1 0 

Not Related 49 62 
Total 74 74 

   

There have been no unanticipated SAEs.  One device related SAE was a device malposition/intracardiac 
embolization without clinical sequelae.  There have been no probably device related SAEs. The vast majority 
of SAEs have been adjudicated by the CEC as not related or unlikely to be related to the procedure.   

SAEs adjudicated as possibly related to the device include: respiratory tract infection (1); acute dyspnea (1); 
progression of dyspnea (1); decompensated HF (2); ischemic stroke (1); atrial fibrillation with rapid ventricular 
rate (1); heart failure (2); anemia (1); iron deficiency decompensated right HF (1); dyspnea and chronic cough 
(1); exertional SOB (1); HF/fluid overload complicated by infection of unclear source (1); heart failure due to 
atrial flutter (1), and worsening heart failure (2).   

Adjudicated SAEs deemed related or possibly related to the procedure include: right, inferior epigastric artery 
tear (1); worsening right groin wound (1); peripheral vascular injury (1); pseudo aneurysm (1); right femoral 
hematoma (2); atrial fibrillation (1); acute urinary retention (1); respiratory distress (1); acute kidney injury 
(1); device embolization (1); aortic dissection during transseptal puncture (1). 

Adjudicated SAEs deemed to be unlikely related to, or unable to determine relationship to the device include 
renal insufficiency (1); persistent atrial fibrillation (1); death reported above (1); heart failure (2); congestive 
heart failure (1); atrial flutter/arrhythmia (1); anemia (1).  

Data has been reviewed by an independent data safety monitoring board that has recommended study 
continuation on two occasions to date. 

The major risks associated with the use of the Corvia Medical IASD System II in the treatment of heart failure 
subjects with preserved or mildly reduced EF can be categorized into those associated with the implantation 
procedure and those associated with the device structure or function (i.e., study device mode of action).   

 
Based on the Risk Management Plan, risk mitigation strategies and current known procedure and device risks, 
the risk to benefit ratio is within reason to treat subjects with elevated left atrial pressure who despite optimal 
Guideline Directed Medical Therapy, remain symptomatic.  

 

13.1 Right Heart Cardiac Catheterization Risk 
Right sided venous catheterization procedures are generally lower risk than arterial catheterization 
procedures. 

 
Possible risks associated with a right heart catheterization include the following: 

Bruising of the skin at the site where the catheter is inserted 
Excessive bleeding because of puncture of the vein during catheter insertion   
Pneumothorax (partial collapse of the lung) if the neck or chest veins are used to insert the 
catheter 
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Abnormal heart rhythms, such as non-sustained ventricular tachycardia (fast heart rate in 
the lower heart chambers) 
 

Other, rare complications may include: 
Sustained ventricular tachycardia 
Complete heart block in patients with a baseline left bundle branch block 
Cardiac tamponade (fluid buildup around the heart that affects the heart's ability to pump 
blood effectively) 
Low blood pressure 
Puncture site related bleeding requiring surgery 
Infection 
Air embolism (air leaking into the heart or chest area) 
Blood clots at the tip of the catheter that can block blood flow 
Pulmonary artery rupture (damage to the main artery in the lung, which can result in serious 
bleeding, including hemoptysis, making it difficult to breathe) 
Allergic reaction to the contrast dye 

 

13.2 Intra Cardiac Echo (ICE) Risk 
 

Possible risks associated with Intra Cardiac Echo include the following: 
Arrhythmia 
Bleeding, with possible need for blood transfusion 
Venous embolization (air, tissue or thrombus) 
Hematoma at access site 
Nerve damage at access site 
Perforation of vessel or myocardium  
Pseudo aneurysm at access site 
Thrombosis 
Blood clot 
Infection  

 
These potential risks are uncommon. Interventional cardiologists and other cardiac catheterization 
laboratory staff are well trained to manage and reduce the likelihood of procedural risks associated 
with Intra Cardiac Echo. 
 

13.3 IASD System II Implantation Procedural Risks 
The risks associated with the implant procedure may be similar to the risks of cardiac catheterization 
in which similar devices are permanently implanted on the atrial septal wall. These potential risks are 
uncommon. Interventional cardiologists and other cardiac catheterization laboratory staff are well 
trained to manage and reduce the likelihood of procedural risks. Potential implant procedural risks 
include the following: 

Adverse dye reaction  
Allergic reaction to implant 
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Apnea 
Arrhythmia 
Bleeding, with possible need for blood transfusion 
Cardiac arrest 
Cardiac perforation from trans-septal puncture 
Death 
Device mal-position 
Device embolization, whole or partial 
Device Fracture 
Systemic embolization (air, tissue or thrombus) 
Endocarditis 
Fever 
Hematoma at access site 
Hemolysis 
Hypotension/Hypertension 
Infection, including sepsis 
Blood clot  
Nerve damage at femoral vein access site 
Pericardial tamponade 
Perforation of vessel or myocardium  
Pleural or pericardial effusion 
Pseudo aneurysm at access site 
Renal failure 
Thrombosis 
Worsening heart failure 
Decreased cardiac output 

 
These potential risks are uncommon in other devices placed on the atrial septum.  Interventional 
cardiologists and other cardiac catheterization laboratory staff are well trained to manage and reduce 
the likelihood of procedural risks. 
 
The experience with the IASD procedure to as of June 8, 2015 includes 75 patients that received the 
IASD implant (11 Pilot Study Patients and 64 REDUCE LAP-HF Trial patients), and two REDUCE LAP-HF 
Trial patients that were attempted and not implanted (one aortic dissection during trans-septal 
puncture and one for anatomical reasons).  This equals 77 patients that underwent a procedure to 
implant the device. There were no procedural deaths, nor death through 30 days, or 6 months.  Events 
within 30 days, related to the list of implantation procedural risks above, are described in the table 
below. 

 
Implantation Procedure Event Experience 

Description Number of Events 
(incidence) 

Heart Failure related (within 
30 days) 

3 (3.9 %) 

Vascular (access) related: 6 (7.8 %) 
Major 2 (2.6 %) 
Minor 4 (5.2 %) 
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Description Number of Events 
(incidence) 

Respiratory (within 30 days) 1 (1.3%) 
Renal (within 30 days) 2 (2.6%) 
Procedural Device 
malposition/intra-cardiac 
embolization 

2 (2.6%) 

Arrhythmia 2 (2.6%) 
 16 (20.8%) 

 

13.4 Study Device Risks 
 

The risks associated with the structure of the study device may be similar to other trans-venous 
catheter delivered devices that are permanently implanted on the atrial septal wall, such as improper 
device placement, loss of device structural integrity, thrombus formation on device, embolization, 
perforation/erosion of anatomic structure and arrhythmia, and the need for device removal.  Below 
is an analysis of risk that includes data on 75 patients with the IASD implant (11 Pilot Study Patients 
and 64 CE Trial patients) as of June 8, 2015. 

 
Improper device placement, also referred to as inadvertent deployment or mal-deployment, is 
defined as an implant that is not optimally seated across the septal wall, or an implant that fully 
deployed in the left atrium. It can occur before or after the device is fully deployed from the delivery 
catheter. Optimal placement is when each side of the device (LA and RA side) has good apposition to 
the septal wall and all structural legs (LA legs and RA legs) are located on the correct side of the septal 
wall. If improper device placement is observed before the device is fully deployed, the operator has 
the option of retracting the implant back into the delivery catheter and attempting another delivery. 
If the operator is unable to retract the partially deployed device back into the delivery catheter, the 
device may be deployed if appropriate, or interventional retrieval techniques or cardiac surgery may 
be required to remove the device. If improper device placement is noted after full deployment, it is 
expected that in most cases the device will not be removed. The operator will determine if placement 
is sufficiently stable and adequately functional to allow the device to remain in place without 
significant safety concerns. If the operator determines the device needs to be removed because of 
safety or functional concerns, surgery may be required to remove the device if standard interventional 
snare/retrieval techniques are not successful or cannot be used. In very rare instances, improper 
device placement of similar devices has led to clinically significant hemolysis. If this happens, blood 
transfusions may be necessary and surgery may be required to remove the device.  There have been 
2 reports of device mal-deployment for the IASD device (2.7%). 

 
Other devices implanted in the atrial septal wall (ASD and PFO devices) have infrequently reported 
some type of loss of device structural integrity, typically in the form of implant framework fracture. In 
most cases, a framework fracture is an incidental finding (noted on follow up chest x-ray or 
echocardiography) without associated clinical sequelae. Potential complications from framework 
fracture are mostly associated with the end of the fractured ‘leg’ “rubbing “against the wall of the 
heart potentially creating a small calloused area or an area of perforation or erosion. In the case of 
perforation or erosion, surgery may be required to remove the device. Other risks associated with 
fracture include migration or shifting of the device from the original position and infection. If a leg 
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were to break in multiple locations, device fragment embolization may occur, which, depending on 
the fragment migration pathway could potentially lead to vessel or organ damage. In rare instances, 
surgery may be required to remove the device and/or fragment.  Reported device arm fracture rates 
vary significantly depending on device design, device overall diameter (i.e., much larger diameter have 
more reported fractures), size of implant in comparison to chamber size (i.e., pediatric patient with 
large ASD and small chamber size), etc. The reported arm fracture rate for the Gore Helex Septal 
Occluder is 5.0% -~6.4%. A literature review conducted by the FDA for the 24 May 2012 Circulatory 
Systems Advisory Panel meeting estimated the device fracture rate for septal occluders to be 6.4-8%. 
The incidence of clinical sequelae associated with arm fractures is rare and estimated to be less than 
0.1%65,66.  

 
Intra cardiac occluders have reported erosion and/or perforation of the septal wall and/or nearby 
cardiac structures, which can happen both acutely and in the post-implant period, and may be life 
threatening.  If this happens, urgent surgery may be required to repair the perforation.  Overall, the 
incidence of erosion is estimated at 0.018% -~ 1%.  A literature review conducted by the FDA for the 
24 May 2012 Circulatory Systems Advisory Panel meeting estimated the erosion/perforation rate for 
septal occluders to be 0.1-0.2%. 

 
Thrombus on intracardiac occluders is typically treated with anticoagulants. If drug treatment is 
unsuccessful, surgery may be needed to remove the device. The incidence of thrombus formation in 
a study of 1,000 patients who underwent percutaneous closure of ASD or PFO, was 1.2% in ASD 
patients and 2.5% in PFO patients67. 
 
To date there have been no reports of compromised structural integrity or device migration for the 
IASD device.  There have been no reports of the implant causing perforation or erosion, and there 
have been no reports of device arm fracture or of thrombus attached to implant.   

 
Other devices implanted in the atrial septal wall have reported device embolization, both acutely and 
in the post-implant period. Embolization is usually to the pulmonary artery, iliac vessels or distal aorta.  
Depending on the location of the embolized device, embolizations that occur acutely (i.e., prior to 
hospital discharge) may be managed by returning the patient to the cardiac catheterization laboratory 
and using a catheter based snare technique to retrieve and remove the device percutaneously. If this 
is not successful, the patient will be required to go to surgery to have the device removed. In the 
unlikely event of a late embolization, the patient will be required to go to surgery for device removal. 
The reported rate of embolization is 0.9% for the Amplatzer atrial septal occluder, and 1.7% for the 
Gore Helex Septal occluder. A literature review conducted by the FDA for the 24 May 2012 Circulatory 
Systems Advisory Panel meeting estimated the device embolization rate for septal occluders to be 
0.3-3.5%.  Experience with the IASD system has resulted in one report of intra-cardiac embolization, 
1.3%. 

 
Newly acquired arrhythmias post septal occluder implantation have been reported. Incidence may be 
reduced by ensuring proper device placement that does not interfere/impinge nearby cardiac 
structures.  A literature review conducted by the FDA for the 24 May 2012 Circulatory Systems 
Advisory Panel meeting estimated the newly acquired arrhythmia rate for septal occluders to be 2-
5%. The technology and its hemodynamic consequences may potentially lower the incidence and 
prevalence of new atrial arrhythmias in treated patients. Because of the strong correlation between 
LA volume and incidence of atrial fibrillation, it is possible that the decrease in LA volume may lead to 
reduced incidence of atrial fibrillation and/or reduced burden of atrial fibrillation in patients who 
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receive the implant. On the other hand, ASD and PFO closure devices have a reported incidence of 
new atrial arrhythmia in the single-digit percent range.   There have been 2 reported arrhythmias in 
patients implanted with the IASD device, one of which was an atrial arrhythmia (1.3%). 
 
Fenestrated ASD occluders, with fenestrations in the range of 5-8 mm, neither reported paradoxical 
embolism nor problems with volume overload of the RV or pulmonary hypertension68.  Furthermore, 
it has been shown to be feasible to explant intracardiac occluders without sequelae or intraoperative 
complications in patients with erosions both early and late after implantation69-71.    
 
There have been three randomized trials for PFO occlusion, the Closure I study72, the RESPECT Trial73 
and the PC Trial74. None of these studies reported a significant increased complication rate vs. medical 
therapy suggesting that implantation of a metallic device into the inter-atrial septum and left atrium 
is relatively safe, including the catheter manipulation involved in delivering the implant. 
 
There are two important differences between PFO occlusion procedures and the IASD study device 
procedures: The first difference is that a trans-septal (TS) puncture is required for the study device. 
The trans-septal puncture has become a routine and well established technique in invasive cardiology, 
used routinely in mitral balloon valvuloplasty, percutaneous treatment of mitral regurgitation, 
electrophysiology and ablation, left atrial appendage occlusion, and other procedures where a 
catheter positioned in the left atrium is needed.  In addition, the complication rate of TS punctures 
has decreased markedly with the introduction of echocardiographic (TEE and ICE) guidance, allowing 
visualization of the location of the atrial septal puncture.  In a series of left atrial appendage occlusion 
with the Watchman device75, the acute complication rate of TS puncture or cardiac tamponade of 
other origin requiring surgical repair was 0.4%. Also the use of TS punctures in electrophysiology 
procedures for ablation of atrial fibrillation (pulmonary venous isolation) and left sided accessory 
pathways are clinically routine. 
 
The second difference is the creation of a small permanent ASD of 8 mm. Historical observations of 
patients with small ASDs over decades give sufficient reason to believe that right-sided volume and 
pressure overload will not be significant concerns in HF patients who are implanted with the study 
device. In fact, many people do not present with ASDs until their fifth to eighth decade of life. Clinical 
practice guidelines state that ASDs should only be closed if a patient demonstrates RV dysfunction, if 
the ratio of pulmonary blood flow to systemic blood flow exceeds > 1.5:1, if paradoxical embolism has 
occurred, or if in patients with orthodeoxia- platypnea76-78.  Webb et al. state that a native ASD must 
be at least 10mm in diameter to carry a significant left-to-right shunt78.  Pollick and colleagues used 
Doppler color-flow imaging to assess ASD shunt size in adult patients79.  A Qp:Qs>2:1 was associated 
with large defects (24.3mm + 6.6mm) while a Qp:Qs<2:1 was associated with smaller defects (14.7mm 
+ 7.3mm).  The smallest defect size in their study was 8mm, which is the diameter of the Corvia 
Medical IASD.  It was associated with a Qp:Qs ratio of <1.5:1.  Jan et al80 used balloon sizing, and other 
modalities to assess the size of the atrial septal defects in their patients.  Of the nine defects measured 
in the range of 5–10 mm, five had a TTE diameter <8.1mm.   Of these five, four had a Qp:Qs ratio 
<1.5:1 (range 1.1:1 – 1.33:1).  One of the five had a Qp:Qs of 2.7:1, with a very compliant/stretchable 
atrial septum.  In another study, Forfar and Godman assessed the relationship between defect size 
and the extent of interatrial shunting81.  A balloon-stretched defect size of 8mm or less correlated 
with a Qp:Qs ratio of approximately 1:1.  
 
As stated above, studies of patients with atrial septal defects have shown that those who are most 
likely to suffer from RV pressure or volume overload due to an ASD are those with substantially larger 
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ASDs than the 8mm opening that will be created with the study device.  Today, larger ASD’s are now 
typically closed with a catheter-based procedure only when the Qp:Qs ratio is greater than 1.5:176-78.  
In the surgical era, the recommendations were for closure only with larger shunt sizes of 1.782-2.0:183.  
The change has to do with the fact that shunts under 2:1 are far less often symptomatic, and that with 
catheter interventions, the risks and discomforts of the procedures have diminished to a point that 
smaller holes are being closed.  To summarize, an ASD of 8 mm is not expected to cause a shunt > 
1.5:1 or RV volume overload and clinically relevant ASDs in general have ASD diameters of > 10 mm78. 
Thus, the likelihood of developing pulmonary hypertension or RV volume overload is considered 
minimal. 
 
The potential risks associated with study device function include left-to-right flow that either 
compromises left sided forward cardiac output, causes pulmonary hypertension at rest or with 
exercise, or leads to right ventricular dysfunction. These hemodynamic risks may occur in the 
immediate post-implant period or over some time after device implantation. In addition to the above 
data that decrease the scientific concern about the development of RV failure from left-to-right 
shunting, patients entering the study will be selected to have echocardiographic RV function that is 
expected to tolerate a small shunt of this nature. The trial specifically excludes patients with 
substantial RV dilation or dysfunction prior to implantation, the device measures 8mm in maximal 
diameter, and the Qp:Qs ratio is less than the Qp:Qs ASD that are typically closed . 

 
Another potential complication is paradoxical embolism through the device. To our knowledge, 
there are no data that support a higher than normal risk of paradoxical embolization in patients with 
congenital ASD, despite the near equivalence of right and left atrial pressures in individuals without 
heart failure. Clinical experts in congenital heart disease who are our scientific advisors (Robert 
Sommer, MD Columbia University in New York and Michael Landzberg, MD, Brigham & Women’s 
Hospital, in Boston) do not believe that the device will increase the risk of paradoxical embolization 
in the proposed study population (letters on file at Corvia Medical). The fact that small ASDs or the 
device are unlikely to result in paradoxical embolism is supported by the recent neutral trials of CVA 
prevention by PFO closure72-74. The patient selection criteria are also defined to decrease the risk of 
paradoxical embolism. In addition, we expect the incidence of paradoxical embolism to be low 
because of a persistent (though decreased) pressure gradient between the left and right atria 
observed in our pilot study patients.  Our pilot study data demonstrated (through echocardiography 
at rest) no right to left flow and either continuous left-to-right flow, predominant left-to-right flow 
through the IASD, or that which mimics what is usually seen in natural occurring ASDs of similar size.  
There have been no incidences of paradoxical embolism reported to date for the IASD device in 470 
patient months of follow up. 

 
Despite all of these reasons why we believe paradoxical embolism is unlikely, we have taken steps 
in this study to reduce the potential for harm even further. Patients with recent (6 months) DVT or 
pulmonary embolism are excluded, and the study protocol requires aspirin for life, and 
clopidogrelfor 6 months, unless patients are currently on anticoagulation therapy, which will be 
continued.  Anticoagulation bears an annual risk of under 1% for major or intracranial bleeding84-86. 

 
In summary, as of June 8, 2015, 77 (66+11) patients underwent the implantation procedure, and 75 
have been implanted with the device, with 470 patient months of follow-up. To date there has been 
one device related and one probably device related SAEs. There have been no MACCE events through 
6 months. To date, two patients have died (both after 6 months; (2.6% incidence; 0.05/patient year). 
The vast majority of SAEs are not related to the device or procedure, instead to the patient underlying 
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condition or preexisting comorbidities. In addition to a reasonable and acceptable safety profile, the 
majority of patients with follow-up to data appear to have obtained a clinical benefit as assessed by 
QOL, and improvement in NYHA Functional Class.  

 

13.5 Control Group Procedural Risks 
Risk to the control group include those associated with Intra Cardiac Echo and right heart 
catheterization (right sided venous catheterization procedures are generally lower risk).   
Intra-Cardiac Echo: 

Arrhythmia 
Bleeding, with possible need for blood transfusion 
Venous embolization (air, tissue or thrombus)  
Hematoma at access site 
Nerve damage at access site 
Perforation of vessel or myocardium  
Pseudo aneurysm at access site 
Thrombosis 
Blood clot 
Infection  

 
Right Heart Catheterization: 

Bruising of the skin at the site where the catheter is inserted 
Excessive bleeding because of puncture of the vein during catheter insertion   
Pneumothorax (partial collapse of the lung) if the neck or chest veins are used to insert the 
catheter 

Other, rare complications may include: 
Abnormal heart rhythms, such as ventricular tachycardia (fast heart rate in the lower heart 
chambers) 
Cardiac tamponade (fluid buildup around the heart that affects the heart's ability to pump 
blood effectively) 
Low blood pressure 
Infection 
Air embolism (air leaking into the heart or chest area) 
Blood clots at the tip of the catheter that can block blood flow 
Pulmonary artery rupture (damage to the main artery in the lung, which can result in serious 
bleeding, making it difficult to breathe) 
Allergic reaction to the contrast dye 

 

13.6 Risk Mitigation 
All efforts will be made to mitigate risk during this study. The sponsor’s Risk Management Program is 
structured to meet EN ISO 14971: 2012 and ANSI/AAMI/ISO 14971:2007/(R) 2010 “Medical Devices – 
Application of risk management to medical devices.”  The program is designed to identify sources of 
risk in the design and production process, estimate and evaluate those identified risks, implement 
control measures to eliminate or reduce those risks, and monitor the effectiveness of the 
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controls. The risk management system at Corvia Medical is a living system that uses field failure data, 
production failure data, and process revalidation data to update the predictive or previous 
data.  Corvia Medical’ Executive Management determines the risk tolerance and goals for each 
program, reviews the Risk Management process at planned intervals, and monitors the process to 
ensure its continuing effectiveness. 

 
Clinical monitoring will occur regularly to ensure the timely collection and reporting of safety data.  
Any unforeseen risks arising during the course of the study will be evaluated and reported as required 
per the protocol and in-country regulations. Periodic clinical monitoring will also help to ensure that 
investigational sites remain compliant to the clinical protocol requirements that mitigate risk such as 
subject entry criteria, medication regimen, use of the study device in accordance with instructions, 
subject compliance to follow up visits and associated test schedules. 

 
Procedural risks and study device risks are managed using varying methods dependent upon the risk 
category.   

 
Procedural risks are minimized in a number of ways:  

Only interventional cardiologists with advanced experience in the areas of percutaneous 
structural heart repair, septal closure devices, trans-septal procedures and snare assisted 
retrieval techniques will be selected as investigators/co-investigators.  
Prior to implant, investigators will be thoroughly trained in the proper use of the device, 
including the use of bench top models that simulate human anatomy.  
Implantation procedures will be supported by a company representative with prior 
experience supporting device implantation procedures.  
Subject selection criteria are designed to minimize risk by selecting subjects that are 
appropriately screened and medically managed to reduce the risk of adverse events during 
the cardiac catheterization procedure.   
The pre-, peri- and post-procedural medication regimen is designed to minimize procedural 
risk by reducing the likelihood of thrombo-embolic events and procedure related infection.  
The device is designed to reduce the likelihood of perforation, perfusion or tamponade during 
the procedure. 

 
 

13.7 Potential Benefits 
Potential benefits to patients implanted with the study device include the following:  

Reduction in the incidence and severity of dyspnea 
Reduction in the number of heart failure hospitalizations and/or hospital days 
Reduction in the number of emergency room visits for heart failure 
Reduction in the number of outpatient visits for worsening heart failure 
Reduction in heart failure medications  
Improved exercise tolerance  
Improved quality of life 
Improved life expectancy 

 



CL0009, Rev 04  CONFIDENTIAL Page 65 of 102 
Protocol #1501 - REDUCE LAP-HF RANDOMIZED TRIAL I 

Potential benefits to patients initially not implanted with the study device include the following: 
Option to receive the device at 12 months 
Close monitoring by cardiologist and staff 
Evaluation of exercise capacity 
Evaluation of heart failure related blood pressures in heart and lung 

 

14.0 Training and experience requirements  
Investigator and Sponsor will maintain records documenting all training.  

 

14.1 Device and procedure training  
To ensure familiarity with the instrumentation and implantation techniques, Sponsor representatives 
will train each Investigator prior to enrolling their first subject in the clinical investigation. Pre-
procedure training will be repeated until no longer desired or deemed necessary. Investigative team 
members will read the Instructions for Use and Investigator’s Brochure, and keep up-to-date copies 
in the Investigator’s study binder(s).  

 

14.2 Clinical investigation plan and procedure training  
Prior to subject enrollment, Sponsor, or designee, will conduct training that will include reviewing the 
CIP, study procedures and study administrative procedures. Sponsor or designee will provide periodic 
updates to review procedure changes, amendments to the CIP, or for any changes in investigative 
team members at the site. 

15.0 Definitions 

Note: This is not an exhaustive list of all definitions relevant to the conduct of clinical investigations.   
Additional definitions for clinical investigations may be found in Section 3.0 of ANSI/AAMI/ISO 14155:2011, 
Clinical Investigation of Medical Devices for Human Subjects – Good Clinical Practice. 

 
Cardiac Death 
Cardiac death is defined as any death that cannot be attributed to a non-cardiac cause. For the purpose of 
this clinical study, any report of sudden death will be classified as a cardiac death. 

 
Intra-cardiac Device Embolization and Mal-deployment 
Defined as dislodgement of the device from the atrial septum during or after the implantation procedure.  An 
implant that is partially deployed (regardless of location) and withdrawn back into the delivery catheter, or an 
implant that is fully deployed anywhere other than the inter-atrial septum (e.g., fully deployed in the LA), but 
remains over the wire, is considered a mal-deployment, not an embolization.  Device embolization and mal-
deployment are considered anticipated adverse events. 
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Heart Failure Related Adverse Event 
Defined as a hospital admission or emergency room visit due to exacerbation of heart failure symptoms 
requiring intravenous diuretic administration. An outpatient visit for worsening heart failure without 
intravenous diuretic administration, is not considered a heart failure related adverse event.  

 
Major Vascular Complication 
Defined as the occurrence of any of the following related to the procedure: 

Access site hematoma > 5cm 
False aneurysm 
AV Fistula 
Retroperitoneal bleed 
Peripheral ischemia/nerve injury 
Procedure related transfusion > 1 unit 
Vascular surgical repair 

 
Major Adverse Cardiac Event (MACE) 
Defined as cardiac death, myocardial infarction, cardiac tamponade or emergency cardiac surgery. 

 
Major Adverse Cardiac, Cerebrovascular, and Renal Events (MACCRE) 
Defined as cardiovascular death through 12 months post randomization, embolic stroke through 12 months 
post randomization, device and or procedure related adverse cardiac events through 12months post 
randomization, new onset or worsening of kidney dysfunction (defined as eGFR decrease of > 20 ml/min) 
through 12 months post randomization. 

 

16.0 Acronyms 

ACC: American College of Cardiology 
AHA: American Heart Association 
AO: Aorta 
AR: Aortic valve regurgitation 
ASD: Atrial septal defect 
BNP: B-type natriuretic peptide 
BPM: Beats per minute 
CABG: Coronary artery bypass graft 
CPET: Cardiopulmonary Exercise Test 
CVP: Central venous pressures 
DHF: Diastolic heart failure 
EDP: End-diastolic pressure 
EDV: End-diastolic volume 
EF: Ejection fraction 
eGFR: estimated Glomerular Filtration Rate 
ESC: European Society of Cardiology 
ESV: End-systolic volume 
FEV1: Forced expiratory volume in one second 
HFpEF: Heart Failure with preserved Ejection Fraction 
ICU: Intensive care unit 
LA: Left atrium 
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LAP: Left atrial pressure 
LV: Left ventricle 
LVEDP: Left ventricular end diastolic pressure 
mmHg: Millimeters of mercury 
MR: Mitral valve regurgitation 
NYHA: New York Heart Association 
PA: Pulmonary artery 
PCWP: Pulmonary capillary wedge pressure 
PFO: Patent foramen ovale 
PV: Pulmonary vein 
PVR: Pulmonary vascular resistance 
Qp/Qs: Pulmonary to systemic ratio 
RA: Right atrium 
RAP: Right atrial pressure 
RV: Right ventricle 
RVEDP: Right ventricular end diastolic pressure 
SHF: Systolic heart failure 
TAPSE: Tricuspid annular plane systolic excursion 
TEE: Trans-esophageal echocardiogram 
TR: Tricuspid valve regurgitation 
TTE: Trans-thoracic echocardiogram 
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18.0 Appendices 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

APPENDIX A: CARDIOPULMONARY EXERCISE TESTING (CPET/CPX) MANUAL 
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Cardiopulmonary Exercise Testing Core Lab 
Peter Brubaker, PhD 

Professor, Dept. of Health and Ex. Science 
Wake Forest University 

A. Cardiopulmonary Exercise Testing (CPX) 
 

1. CPX EQUIPMENT REQUIREMENTS 
a. Testing Modality: either a Bicycle ergometry or treadmill can be utilized for this study based on 

laboratory and/or participant preference. Protocols for both modalities can be found at the end of this 
document.  Regardless of the exercise modality, the metabolic cart computer should be able to control 
the work rate of the cycle or treadmill. Electrically-braked bicycles will be required, as opposed to 
friction-braked bicycles, based on their higher precision of work rate relative to friction-braked cycles 
and the ability to implement a continuous ramp protocol. 

b. Airflow or volume transducers: The accurate measurement of ventilation parameters during exercise is 
critically dependent on the accuracy of the flow-sensing device. Transducers used in exercise testing 
should meet established standards by the American Thoracic Society for flow and volume measurement 
during spirometry. 

c. Gas analyzers: Breath-by-breath analysis requires precise knowledge of gas analyzer delays and 
response kinetics. Participating laboratories will need to follow standards for gas analyzer performance 
in breath-by-breath mode; these will include a transfer delay time of < 0.5 seconds, a rise time <0.1 
seconds, calibration stability of ± 3% over 20 min and calibration linearity ± 3% over the entire range. 
Each site will be required to maintain a calibration logbook so that long-term trends can be monitored. 

d. Electrocardiographic monitoring: Participating laboratories will be required to use electrodes and 
detection electronics designed for movement artifact rejection. Silver or silver chloride 
electrocardiogram (ECG) electrodes with circumferential adhesive provide good electrical contact and 
minimize movement artifact. Continuous display of ECG tracings with 12-lead ECG placement as 
described by Mason and Likar. The timing of ECG monitoring must be synchronized with the timing used 
by the gas exchange system, preferably through an integrated ECG-metabolic cart system. 

e. Metabolic measurement systems: The core laboratory encourages sites to utilize standard metabolic 
cart processing software. This will promote uniform generation, formatting and acquisition of breath-by-
breath data. The most common systems are the Medgraphics Inc. (St. Paul, MN) and Viasys (previously 
Sensormedics).  Regardless of which metabolic measurement system is utilized, it must allow real-time 
tabular and graphical display of exercise variables, analogous 5-of-7 breath moving average integration 
of gas exchange variables, and data conversion to unencrypted format such as Excel that will lend itself 
to interpretation by the core laboratory. 

2. CPX EQUIPMENT CALIBRATION 
a. CPX equipment should be calibrated by following instructions given by the manufacturer of the 

equipment, and in accordance with the schedule outlined below. Participating sites will be required to 
maintain a calibration logbook. 

b. The following calibration procedures are recommended. 
1. Electrically braked cycle ergometers should be dynamically calibrated with the use of a dynamometer 
(torque meter). Because many labs do not have dynamometers, cycle ergometer manufacturers may be 
required to provide this service. This calibration should be repeated if the cycle is moved or jarred. 
2. Treadmills should have belt speed verified by timing revolutions using a mark made on the treadmill 
belt with a subject on the treadmill. Grade may be determined by using a plumb line and tape measure. 
3. Physiologic calibration: A healthy volunteer, consuming a stable diet performs a constant work rate 
test (i.e. 50 W and 100 W) in which steady state values for VE, VCO2, VO2 are compared to those of 
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previous tests. Coefficients of variation (%CV) should be below 3% for repeat oxygen uptake 
measurements and below 7% between repeat sessions, with values outside of the 95% confidence 
interval engendering system-wide reassessment. 
Prior to each test: 
1. Record barometric pressure, temperature, relative humidity 
2. Perform flow calibration with a 3L syringe (<1-15sec duration) to achieve ± 3% agreement with 
calculated volumes. 
3. Perform gas analyzer calibration with two precision-analyzed gas mixtures. 
This is commonly done with one 6% CO2 and 15% O2 tank and one 0% CO2 and 21% O2 tank. The air 
baseline setting for O2 and CO2 should be checked before each test to correct for baseline drift since 
calibration. 
4. Determine transport delays between the gas sampling point and each gas analyzer. This should be an 
automated process. 

 
3. SITE QUALIFICATION PROCEDURES 

a. Before baseline studies may be performed in subjects, each site will be required to submit an 
incremental symptom-limited CPX test on a “standard normal subject”. The standard subject should 
be a relatively sedentary middle-aged adult rather than a fit young athlete.  Prospective CPX 
laboratories will be evaluated on their ability to: (1) follow a site qualification protocol (2) generate 
physiologically “appropriate” CPX data, and (3) transmit data to the core laboratory. Test results will 
be compared to data available on normal individuals from the core laboratory and the published 
literature. Sites should await feedback from the core laboratory confirming that their site has 
qualified prior to scheduling study patients for testing. A visit for CPX core laboratory personnel may 
be required.  

b. Sites may subsequently use repeated studies of the “standard normal subject” to verify accuracy of 
their systems. The CPX Core Laboratory will require sites to maintain a detailed log of physiologic 
calibration testing as described above, but this information will not need to be transmitted to the 
core laboratory as part of the initial qualifying procedures. In anticipation of transmitting 
qualification tests to the core laboratory the individual who will be transmitting data from the 
participating CPX laboratory to the core laboratory should take the following steps:  

Email Dr. Peter Brubaker (brubaker@wfu.edu) and indicate the following: 
a. Research site name. 
b. Responsible CPX  lab staff member who will primarily interact with the Core Laboratory with email 
address and contact information. 
c. Exercise modality that will be used (bicycle or treadmill). 
d. Metabolic cart manufacturer and software program that will be used. 
E. Transmit the qualification study formatted as described  

 
4. CPX PROCEDURE 

a. All supplies for the CPX, including the electrodes, mask, coupler, and pneumotach should be ready. 
The coupler and pneumotach should be sanitized after each use using a 10:1 solution of water and 
Clorox. These pieces should remain in the solution for at least 1 hour, then rinsed thoroughly with 
warm water and placed on a drying rack. Each participant will have been instructed to wear 
comfortable clothes and shoes (no dresses or panty hose), and no lipstick. 

b. On the participant’s arrival to the exam room, the exercise specialist will explain in detail the testing 
procedure (see standardized instructions below), including the purpose of the test, the measures 
which will be obtained during the test, and the expectations of a maximal effort. The participant’s 
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necessary information, including name, identification number, age, height, and weight will be 
entered into the computer at this time. 

c. To insure good adherence and conductivity, the participant’s skin will be prepped in the areas of 
electrode application by being cleaned with rubbing alcohol and rubbed vigorously with an abrasive 
electrode paste prior to the application of the ECG electrodes, if necessary. The electrode 
configuration utilized for all CPXs will be the Masonn-Likar placement which permits standard 12-
lead ECG tracings to be obtained during exercise. The lead wires will then be connected to the 
electrodes. At this point, the exercise specialist will calibrate the metabolic cart and print a 
calibration report to make sure the equipment is working correctly. 

d. Medical history and current medications will be verified verbally by the participant prior to 
administration of the CPX. This also includes screening for any acute illness or injury that may affect 
the test validity. It is imperative that any contraindications to exercise testing are noted and taken 
into consideration prior to the administration of the CPX. 

e. With the participant in the supine position, an ECG tracing will be obtained and printed. 
NOTE: Even though the ECG monitoring unit calculates the heart rate and automatically prints it on 
all ECG tracings, all heart rates should be verified using and ECG ruler or calipers. If the ECG heart 
rate is not within ±4 beats min-1 of that obtained with an ECG ruler or calipers, the heart rate 
obtained with the ruler or calipers should be recorded on the tracing, and the heart rate 
automatically printed should be crossed through. 

f. The participant will be instructed to sit upright on the edge of the bed. The participant will be given 
a sip of water. When ready, the participant will stand and step up onto the treadmill, straddling the 
belt or sit on the bicycle ergometer. Next, the mouthpiece or mask will be fitted properly. Blood 
pressure will be obtained and entered into the computer. A standing ECG will be printed 
automatically when the test is started. 

g. A minimum of 2 minutes of resting metabolic data will be collected. After determining that the 
participant is ready, the exercise protocol will be started and the participant will be told to start 
walking. 

h. During the CPX, a 12-lead ECG will be continuously monitored and will be printed at the end of each 
2-minute stage. Any arrhythmias or ST-segment changes that occur will be documented. Blood 
pressure will be taken during the last minute of each stage and entered into the computer. Oxygen 
uptake and RER will be monitored continuously throughout exercise. 

i. It is important that the exercise specialist communicates with the participant during the testing 
procedure so that he or she can determine when the participant is approaching a maximal level of 
exercise. For example, the exercise specialist may start asking the participant if she can continue for 
another 30 seconds once a heart rate of 85% of the age-predicted maximum has been attained or an 
RER of 1.1 has been reached. 

j. The test will be discontinued when the participant wishes to stop due to fatigue, shortness of 
breath, pain, etc., or when the exercise specialist or attending physician decides to terminate the 
test in accordance with established test termination criteria. 

k. When the participant has reached a symptom-limited maximum exercise level, recovery will start 
and the treadmill speed will automatically be reduced to 1.0 miles per hour and the grade to 0% for 
1 minute. The participant will then be seated in a chair for the remainder of recovery, while still 
connected to the ECG and metabolic cart. Heart rates (via 12-lead ECG) and BPs will be taken at 1, 2, 
4, and 6 minutes of recovery. Recovery will continue (after a minimum of 6 minutes) until the HR 
and/or SBP is within 20 of resting values and the participant is stable. The decision to discontinue 
monitoring and allow the participant to leave should be that of the exercise specialist supervising 
the exercise test. 
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l. The time of onset of significant electrocardiographic changes, chest discomfort, dyspnea, or any 
other signs/symptoms should be entered into the computer and later written on the exercise test 
coversheet. A reason(s) for termination should be determined and written on the exercise test 
coversheet. Further, additional comments, focusing on symptoms and test termination, should be 
written on the exercise test coversheet (refer to forms at the end of this document). 

m. Following the test, an exercise report should be printed. This should include a time-down report 
showing metabolic data (15 second averaged) including the following variables: time, VO2 
(ml/kg/min), VO2 (ml/min), VCO2, RER, VE/VO2, VE/VCO2, VE, HR, RR, PETO2, and PETCO2. Other 
graphs in the report include: VE/VCO2 slope, VO2 vs. VCO2, and VE/VO2 and VE/VCO2 vs. time. HR and 
BP will be abstracted from the ECG tracings and entered on the exercise test coversheet. 

n. American College of Sports Medicine Guidelines (9th Edition) for Exercise Test Administration will be 
adhered to during all exercise testing. 
 

5. CPX DATA TRANSFER TO THE CORE LAB:  
Copy the archived file onto a computer disk immediately following the CPX.  Data must be forwarded to the 
core lab within 5 days of recording 

1.  Medical Graphics BREEZESUITE software requires entering the Import/Export Program from the 
Star Menu..Programs..Medgraphics..DBP Tools..Tools..Export, then select the patient file and 
the destination of the file under the Browse menu. This will enable labs to export the file to a 
local disk and to then send the file electronically as an enclosure (see below).  

2. Viasys Vmax/Encore (Sensor medicas) software can be used to directly email test files using the 
“Special Functions” tab and selecting the “File compress/email” option.  

3. Metabolic measurement systems with software programs other that those supported by 
Medgraphics and Viasys/Sensormedics will be required to convert gas exchange data into Excel 
format for breath-by-breath data interpretation. 

4. In addition, graphical data should be generated to facilitate calculation of anaerobic threshold 
by the V-slope technique.  

5. Label the computer disk with the following information: a) study name and Site name/ID#; b) 
patient ID and date of birth c) date of study. This will serve as a back-up hard copy of the data to 
remain at the individual CPX labs. Tests will only be mailed to the core lab upon request if there 
is a problem with electronic submission or archiving of the data. In the event that the core lab 
requests disks, the participating CPX lab should retain a copy of the data in their laboratory and 
send a disc to the core lab. 

6. Finally, a copy of the coversheet for should be scanned and emailed to the CPX core laboratory. 
 

6. CORE LAB STUDY PROCESSING 
An Excel spreadsheet will be created to track studies. Upon arrival of each study at the core laboratory the 
study will be logged into our database. As each study moves through the sequence of data processing, 
analysis, and report generation the excel sheet will be updated accordingly. An email reminder will be sent 
to sites if studies do not arrive in a timely fashion. Gas exchange data will be configured uniformly in an 
Access Database. Programs will then be applied to select the highest 5-breath average VO2 during the final 
minute of incremental exercise. Primary breath-by-breath data will also be used to calculate anaerobic 
threshold, by the V slope method. 
 

7. QUALITY ASSURANCE AND QUALITY CONTROL PRACTICES 
Prior to initiation of the trials, sites will be required to conduct an initial test on a “standard subject”. This 
test will serve to an indicator of appropriate calibration procedure, protocol adherence, and appropriate 
data compilation and transmission to the core laboratory. Individual CPXs will be expected to demonstrate a 
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change in respiratory exchange ratio of >0.15 and demonstrate appropriate increases in ventilation, VO2, 
and carbon dioxide production during exercise. 
If, at any time, the core lab questions the quality of data that they receive from a testing site, we may 
require the site to perform another qualifying test. In addition to recalibration of the cycle and the 
metabolic cart, the core lab may request repeated studies on the “standard subject”. For a normal subject, 
VO2 should increase at a rate of approximately 10 ml/min/watt on a cycle ergometer. For sites that do not 
meet these standards, step-by-step review of each part of the exercise test, including treadmill belt speed 
and angle, calibration, review of potential air leaks and verification that the metabolic cart was working 
properly will be performed. If problems continue to persist, an onsite visit may be arranged with staff from 
the CPX core laboratory. 
 

8. STANDARDIZED VERBAL CPX INSTRUCTIONS TO PARTICIPANTS 
a. Your Job 

During this exercise test you only have one job: to exercise for as long as you can. Give us your best 
effort, everything you’ve got. During the test, we will be monitoring your heart rate and rhythm 
through your ECG. We will be taking your blood pressure every two minutes and we will monitor 
your breathing by having you wear a mouthpiece/mask. Don’t’ worry about any of this. Just 
concentrate on walking/cycling for as long as you possibly can. 

b. Communication and Safety 
During the test, you and I will be communicating about how you are feeling. Focus on me and keep 
eye contact with me. The mouthpiece/facemask that you will be wearing will make it difficult to talk 
so use thumbs up for yes or thumbs down for no. When I ask how you are doing, please give me an 
honest answer. If you are experiencing any pain or shortness of breath, please point to that area and 
I will ask you questions about it. I will stop the test if there are any problems. Because we are 
monitoring everything, it is safe for you to give us your best effort. 

c. What to Expect 
Every two minutes during the test, the exercise will get more difficult by increasing the bike 
resistance or the speed/incline of the treadmill. I will let you know what to expect before the 
workload changes. Try to maintain a consistent pace on the treadmill or cadence on the bicycle and 
use only light grip on the handrails. It is normal for your throat to get a little dry, especially towards 
the end of the test. Is also may be slightly uncomfortable or just feel different to breathe through 
the mouthpiece/ mask. Try to work through these things; these are not reasons to stop the test. We 
will be communicating about when to end the test. I may try to push you further if I feel it is safe, 
but ultimately you are in charge of when you feel you’ve given your best effort and want to stop. 
When the exercise test is over, we will have to exercise at a much lower level for 1 minute. After 
that, we will have you sit down in a chair with everything still connected. At that point, just relax and 
we’ll continue to monitor you and measure your heart rate and blood pressure. Do you have any 
questions? Remember to go as long as you can, until you reach a point where your legs can’t go 
anymore or you are very short of breath. 
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Corvia Medical, Inc. 
 

Reduce LAP-HF Randomized Trial I 

Cardiac MRI Imaging SUB STUDY Appendix 
MRI Core Lab 
Cardiovascular Clinical Studies, Inc. 
75 Kneeland Street 
Boston, MA 02111 

 
In this sub study, subjects will undergo cardiac magnetic resonance imaging (cMRI) at 3 time points: a) 
during the baseline period (within 45 days of study treatment), b) at 6 months post-treatment (± 30 
days), c) at 12 months post-treatment (± 45 days). If a subject discontinues from the study early, a final 
cMRI will be obtained at the time of discontinuation unless the subject withdraws consent. This study 
should take place as soon as the subject discontinues from the sub study or main trial. 
 
The images obtained in the trial will allow for a careful assessment and evaluation of change from 
baseline to month 12 of the effect of the IASD® System II in patients with heart failure. The following 
parameters will be included in the assessment: left ventricular end systolic volume (LVESV), left 
ventricular end-diastolic volume (LVEDV), left ventricular ejection fraction (LVEF), left ventricular end-
diastolic dimension (LVEDd), left ventricular end-systolic dimension (LVESd), left atrial diameter, left 
ventricular mass, right ventricular end systolic volume (RVESV), right ventricular end-diastolic volume 
(RVEDV), right ventricular ejection fraction (RVEF).  In addition at the 6 Month and 12 Month cMRI visits 
the diameter of the IASD® System II device and the ratio of pulmonic to systemic flow (Qp/Qs) will be 
assessed.  
 
A cine MRI examination performed from the 2 chamber, 3 chamber, 4 chamber views and sets of short 
axis base to apex stacks of the Left Ventricle (LV) and Right Ventricle (RV). Q flows of the aorta and 
pulmonary artery at 6 Months and 12 Months. Imaging performed with a Cardiac-gated MR 1.5 Tesla 
System using vector cardiographic gating. Peripheral pulse gating may be used when an optimal vector 
gating signal is not available. All image acquisitions for a particular subject are performed on the same 
MR system and as similarly as possible to reduce variability in imaging and enhance the precision of the 
study results. The acquisition parameter guidelines to be used to be provided by the cMRI core lab and 
are recorded on a Subject Acquisition Worksheet. The same parameters used on the baseline scan are 
used on the 6 month and the 12 month scans. Patient preparation as per each site’s laboratory’s 
standard operating procedure.  Safety Guidelines for each subject are reviewed at each MRI time point 
for MRI contraindications.  
 
Images are sent to the cMRI core lab preferably electronically or on media within 72 business hours 
after study completion. The site’s copy of images is stored on backup media determined by each site for 
a minimum of 2 years from the date the study is terminated. 
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APPENDIX C: ECHO ACQUISITION MANUAL 
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Lateral e’ <10 cm/s; or
Septal e’ <8 cm/s; or
Lateral E/e’ >10 ; or
Septal E/e’ > 15

b) Tricuspid valve regurgitation defined as grade  2+
c) Aortic valve disease defined as  2+ AR or moderate AS 

c. RV size  LV size as estimated by TTE; OR
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–

Parasternal Long Axis View:

LVOT diameter is measured. 

Parasternal Short Axis View:

Presence and degree of interventricular septal flattening will be assessed. 

LV M-mode:

The aortic diameter will be measured in early systole
The left atrial dimension will be measured at its maximum in late systole.
The LV internal diameter in diastole and systole will be measured. The posterior wall and 
interventricular septal thicknesses will be measured in diastole. 
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Pulmonary Artery:

The diameter of the PA and flow velocity integral and flow duration of the Doppler signal will be 
measured.

it’s interrogation by color Doppler and these images and color Doppler signals are recorded. 

Right Ventricular Inflow Tract:  

Apical 4 Chamber View:  

Left ventricular end-diastolic and end-systolic cavity lengths will be measured. LV end-diastolic and 
end-systolic volumes and ejection fraction will be determined using the single plane Simpson’s rule 
algorithm.  

The following parameters will be measured: E wave and A wave velocities and A wave duration, E wave 
deceleration, diastolic filling time and cycle length.

The slope of the propagation velocity signal will be measured.  

The S’ wave, E’ wave and A’ wave velocities will be measured. 

RV cavity volumes are measured in diastole and systole. The RA volume will be measured

Tricuspid annular plane systolic excursion or TAPSE will be measured.   

 



CL0009, Rev 04  CONFIDENTIAL Page 88 of 102 
Protocol #1501 - REDUCE LAP-HF RANDOMIZED TRIAL I 

Fig. 2. Left- Apical four-chamber view showing the position of the cursor for TAPSE (top right), propagation 
velocity (Vp) (center right) and pulsed wave tissue Doppler sample of the lateral wall (TDI) (bottom right). 

Apical 5 Chamber View: 

The LVOT flow velocity integral will be measured. 
Flow velocity integral and flow duration in the LVOT will measured. 
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Apical 2 Chamber View: 

Apical Long Axis View: 

Subcostal Views: 

The pulmonary artery systolic pressure will be assessed from the maximum TR velocity and the RAP 
estimated from visual assessment of the inferior vena cava. 
The RV free wall thickness will be measured. 
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Please detach and refer to the Technologist’s Checklist in this manual when performing echoes for this trial. 

The percentage change from diastole to systole in left ventricular diameter from the M-mode will be calculated.    
Strain analysis of the LV and RV will be done from apical four-chamber images
The percentage change in right ventricular cavity area will be calculated.  

wave). The peak velocities of the E’ 
and A’ waves and the ratio of E’/A’ of the pulsed wave tissue Doppler signals will be assessed as well as the 
ratio of transmitral E to TDI E’. 
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TECHNOLOGIST’S CHECKLIST 
PARASTERNAL IMAGING WINDOW 

APICAL IMAGING WINDOW 

SUBCOSTAL IMAGING WINDOW 

RIGHT PARASTERNAL IMAGING WINDOW.  
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APPENDIX D: HEMODYNAMIC ACQUISITION PROCEDURES 
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  Hemodynamic Core Laboratory 
 

Cardiovascular Clinical Studies, Inc. 
75 Kneeland Street 
Boston, MA 02111 
Patricia M. Wedge, RN, CCRC 
617-423-7999 x118 
email:  PWedge@ccstrials.com 
 
Blinded Hemodynamic Reader:   
Daniel Burkhoff MD PhD 
 
  Definitions 
 
Hemodynamic Data shall refer to measurements of pressures, flows and blood oxygen 
saturations obtained from pressure sensors, thermodilution method and blood oximetry 
(respectively).   
 
Swan-Ganz Catheter (or Pulmonary Artery Catheter) is a catheter whose tip is advanced 
into a distal pulmonary artery.  The catheter has two lumens for pressure measurements 
and for fluid injections:  one lumen exits the catheter proximally in the right atrium and the 
second lumen exits distally at the tip of the catheter.  The catheter also has a balloon that 
can be inflated and is intended to occlude (or wedge) the artery in which the tip is 
positioned for measurement of pulmonary capillary wedge pressure (PCWP).  Finally, the 
catheter has a thermistor for measurement of blood temperature; this is used for 
estimation of cardiac output by the thermodilution method that employs injections of 
boluses of cooled saline into the lumen exiting in the right atrium. 
 
Original Data (or Raw Data) shall refer to hard copies of pressure tracings over time (for 
pressures), individual cardiac output values estimated from each fluid bolus injection for 
thermodilution method (for cardiac output measurements) and copies of printouts from 
blood gas machines (for blood oxygen saturations).  Pressure tracings should have an 
electrocardiogram for timing of onsets of atrial and ventricular systole. 
 
Fick Cardiac Output is cardiac output estimated from mixed venous oxygen saturation, 
body size, gender, hemoglobin and an assumption about total body oxygen consumption 
that is only relevant during rest.  Details of the method are summarized below: 
 
Cardiac output is estimated according to the following algorithm: 
Parameters: 
Gender = 0 for male, = 1 for female 
Weight in Kg 
Height in cm 
Age in years 
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 Heart Rate in beats per minute 
 Arterial Saturation in % (Sarterial) 
 Mixed Venous Saturation in % (Smv) 
 Hemoglobin in g/dL 
  
Then, calculate: 
Body Surface Area 
BSA = 0.007184 · (Weight0.425 · Height0.725) 
 
Body Oxygen Consumption 
VO2 = BSA · (138.1 - (11.49 + Gender · 5.55) · Ln(Age) + 0.378 · HR) 
 
DissolvedO2arterial = (0.0124 · Sarterial + 0.1995 + 0.00009* EXP(0.01*Sarterial1.505))/10 
 
DissolvedO2venous = (0.0124 · Smv + 0.1995 + 0.00009* EXP(0.01*Smv1.505))/10 
 
Arterial oxygen content: 
O2arterial = Sarterial/100 · Hgb · 1.36 + DissolvedO2arterial 
 
Venous oxygen content: 
O2venous = Smv/100 · Hgb · 1.36 + DissolvedO2mv 
 
COFick = VO2 / (O2arterial-O2venous)/10 
 
 
Shunt Fraction (Qp/Qs) is the ratio of blood flow through the pulmonary artery to the flow 
through the aortic valve.  It is determined by a formula that depends on a weighted 
averaged oxygen saturation of the superior and inferior veins, mixed venous saturation 
measured from the pulmonary artery and arterial oxygen saturation as described below: 
 
Qp/Qs is calculated from the blood oxygen saturations measured from the superior vena 
cava (SSVC), inferior vena cava (SIVC), estimated mixed venous saturation (SMV) and oxygen 
saturation in the pulmonary artery (SPA) and arterial blood (SA) according to the following 
equation: 
 
SMV = (3·SSVC+SIVC)/4 
 
Qp/Qs = (SA-SMV) / (SA-SPA) 
 
 
Hemodynamic Worksheet will be provided by the Core Lab that the site should use to 
document performance of each step of the procedure and to record data. 
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Pressure Calibration shall refer to appropriate zeroing and demonstration of gain settings 
of the pressure amplifiers documented by hard copies of the zero line and pressure outputs. 
Calibration may be performed using mercury manometry or other qualified calibration 
equipment and certification of this calibration must be verified and a copy of the 
certification retained.  
 
 
Site Training/Requirements and Procedures to be Performed: 
 
Site training will be performed via webinar by the Hemodynamic Core Laboratory and 
Blinded Reader (if available).  Present from the site should be (at a minimum) the Principal 
Investigator, a co-investigator or other individuals who will be responsible for the 
acquisition of the hemodynamic tracings, a technician who will be assisting in equipment 
setup and a study coordinator who will be assisting in data recording. 
 
Instrumentation 
Sites shall confirm availability of: 
Swan-Ganz catheters 
Pressure sensors for RA and PA pressures 
Ao pressure and SaO2 can be measured either by invasive monitoring or by noninvasive 
pressure cuff and pulse oximetry 
Thermodilution cardiac output equipment 
Recording equipment, including capability to print raw pressure tracings 
Blood gas analyzer 
Mercury manometer (optional if calibration certification is available) 
 
Measurements 
A standard set of pressures and oxygen saturations will be performed, with results tracked 
on the hemodynamic worksheet. 
 
 
Oxygen Saturation Run 
Blood samples shall be obtained for oxygen saturation determinations.  For each 
measurement, 5cc shall be withdrawn from the distal port of the Swan-Ganz (to flush the 
lumen), followed by withdrawal of a 1-3 cc sample.  If samples are not analyzed 
immediately, they must be stored on ice.  Samples will be obtained in duplicate at rest from 
the following sites at the baseline and follow-up tests: 
Inferior vena cava (IVC; measurement at end of exercise is desired but optional) 
Superior vena cava (SVC) 
Pulmonary artery (PA) 
Arterial (e.g., radial artery; this can be substituted by noninvasive finger oxygen saturation) 
 
Pressures 
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Pressure waveforms should be recorded (hard copy) for at least two respiratory cycles.  
Data will be read at end-expiration at each location listed below; also indicated are the 
parameters that will be analyzed.   

Site Measurement 
Right 
Atrium mean: _____ 

Pulmonary 
Artery 

S: ____  
D:____   

Pulmonary 
Capillary 
Wedge 

mean: _____ 

Arterial 
Pressure 

S: ____  
D:____   

S: Systolic pressure 
D: Diastolic pressure 
 
Measurements should be made with any filtering “off”.  Also, patients should be specifically 
instructed NOT to perform a breath hold.  Measurements made during exercise can be 
made with cycling temporarily suspended if signals are noisy during exercise.  
 
Cardiac Output 
Cardiac output will be measured by thermodilution.  A fluid bolus will be performed 
according to the Instructions for Use of the cardiac output calculator.  In general, this 
consists of a rapid, hand injection of 10cc of physiologic solution (0.5NS or LR solution at the 
discretion of the site).  The injectate can be either at room temperature or can be ice-
cooled according to routine practice at the individual sites.  This should be performed 4 
times for each measurement time point.  The average of all 4 values will be used as the 
final, single reading. 
 
Cardiac output will also be estimated at rest by the Fick method based on measured blood 
oxygen saturations, hemoglobin body size parameters and estimated body oxygen 
consumption as detailed above.  Fick estimation of cardiac output during exercise is NOT 
possible, since an estimate of body oxygen consumption during exercise will not be 
available. 
 
Hemodynamics Following Raising Legs into bicycle pedals 
The first set of pressure and oxygen saturation measurements described above are 
obtained with legs flat on the catheterization table, and include right atrial, pulmonary and 
pulmonary artery wedge pressures and SVC, IVC and pulmonary artery oxygen saturations 
and thermodilution cardiac output.  The right atrial pressure measured at this time will be 
the central venous pressure used for the exclusion criterion (i.e., patients with resting 
CVP>14 are excluded). 
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After making these measurements with legs flat on the table, the legs will be elevated by 
placing them in the pedals of the bicycle. The simple act of raising the legs causes fluid shifts 
back to the heart, which can impact on pressures in the heart. After a ~5 minute 
stabilization period, the full set of hemodynamics (pressures) will be recorded with the legs 
raised. 
 
Exercise 
After recording resting hemodynamics, patients will undergo supine bicycle exercise.  
Exercise will be performed in 3 minute stages, starting at 20 Watts with increases of 20W 
increments until the patient reaches maximum effort.  Heart rate, and pressures will be 
measured at the end of each stage of exercise.  If there is significant noise on the pressure 
signals, cycling may be temporarily suspended.  Heart rate and pressures will be measured 
at peak exercise.  In addition, blood samples for oxygen saturation (in duplicate) will be 
obtained from the pulmonary artery at the end of exercise.  Procurement of end-exercise 
data will require interaction between the physician and patient to ensure that the physician 
is able to predict the approximately final 2-3 minutes of exercise during which the 
measurements should be made.  The physician should be aware that hemodynamics change 
very rapidly once exercise is terminated and that completion of as many of the 
measurements as possible during the final stage of exercise is highly desirable. 
 
Implant Procedure 
Subjects randomized to the active group will undergo the IASD implant, but no additional 
hemodynamic data will be recorded.  
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Step-By-Step Procedure for Hemodynamic  
Acquisition at Rest and Exercise 

 
Procedure for Baseline/Implant and Follow-up Hemodynamics 
 
*NOTE: Blood samples for oxygen saturation should be obtained in duplicate using the following 
procedure: 

1. Withdraw 5 cc blood and discard 
2. In a new syringe, withdraw another 2-3 cc blood sample for analysis 
3. In a new syringe, withdraw another 2-3 cc blood sample for analysis 
4. Apply appropriate label to each syringe 
5. Store on ice until analyzed 

 
SET UP STEPS: 
 Position Patient on table and position supine bicycle. Ensure a slight bend to the 

knee at full pedal extension.  
 

 
 Set height of pressure sensors so that they are even with the right atrium of the 

patient (three are needed unless using NIBP cuff/Pulse Oximetry in place of 
arterial line)  

a. Swan Ganz Proximal port pressure sensor 
b. Swan Ganz Distal port pressure sensor  
c. Arterial Pressure sensor (optional) 

 
 
 

 
 
 

 Open sensors to atmosphere and zero/tare the sensors 
a. Swan Ganz Proximal port pressure sensor 
b. Swan Ganz Distal port pressure sensor  
c. Arterial Pressure sensor (optional) 

 
 
 
 

 Make a hard copy of recordings of the zero line and full scale calibrations per 
lab routine for each sensor 

a. Swan Ganz Proximal port pressure sensor 
b. Swan Ganz Distal port pressure sensor  
c. Arterial Pressure sensor (optional) 

 
 

 
 
 

 Insert arterial catheter OR position NIBP cuff and pulse oximetry monitor  
 Obtain vascular access (brachial, subclavian, jugular or femoral veins) with 7 or 

8Fr introducer 
 

 
BASELINE MEASUREMENTS (FEET DOWN) 
 Insert Thermodilution Swan Ganz Catheter (SGC)  
 Under fluoroscopic guidance, position SGC tip in the Inferior vena cava 

a. Obtain Superior Vena Cava sample from proximal port for O2 saturation* 
b. Obtain Inferior Vena Cava sample from distal port for O2 saturation* 

 
(x2) 
(x2) 

 Position SGC with tip in the distal pulmonary artery. 
a. Obtain Pulmonary Artery sample from distal port for O2 saturation* 

 
(x2) 
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 Obtain sample from arterial line or record measurement from pulse oximetry 
for O2 saturation* 

 
(x2) 

 Perform 4 separate thermodilution cardiac output measurements using cooled 
saline injections per laboratory routine 

 
 

 Record, print, and label hard copies of the pressure tracings to capture the 
following – each waveform should be captured on as small a scale possible with 
each large box equal to a whole number: 

a. Right Atrial (RA) Pressure (SGC proximal port) 
b. Pulmonary Artery (PA) Pressure (SGC distal port) 
c. Pulmonary Capillary Wedge Pressure (PCWP) 
d. Right Ventricular (RV) Pressure 
e. Arterial blood pressure    

 
 
 

 
 
 
 
 

FEET IN PEDAL MEASUREMENTS 
 Place feet in pedals of supine bicycle and wait ~5 minutes  
 Record, print, and label hard copies of the pressure tracings to capture the 

following (each waveform should be captured on as small a scale possible with 
each large box equal to a whole number): 

a. RA Pressure (SGC proximal port) 
b. PA Pressure (SGC distal port) 
c. Pulmonary capillary wedge pressure (PCWP) 
d. Arterial blood pressure  

 
 
 

 
 
 
 

BEGIN EXERCISE (Start at 20W, increase 20W every 3 minutes) 
 Record the 4 pressure tracings (RA, PA, PCWP, Arterial) as outlined above at 

the end of each stage (ideally with 30 seconds remaining in the stage) 
 

 
FINAL ~2 MINUTES OF EXERCISE 
 Record, print, and label hard copies of the pressure tracings to capture the 

following at peak exercise (each waveform should be captured on as small a 
scale possible with each large box equal to a whole number): 

a. RA Pressure (SGC proximal port) 
b. PA Pressure (SGC distal port) 
c. Pulmonary capillary wedge pressure (PCWP) 
d. Arterial blood pressure   

 
 

 
 
 
 
 

 Obtain blood samples for O2 saturations* for: 
a. Pulmonary Artery (SGC distal port) 
b. Arterial (or record measurement from pulse oximetry) 

 
(x2) 
(x2) 

END OF EXERCISE 
 
 
 

 


