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P R O C E E D I N G S
Call to Order

DR. TRACY:  Good morning.  We will go ahead and call this morning's session to order This is the Circulatory Systems Device Panel.  Today' topic is the discussion of a premarket application, NMT Medical Septal Occlusion System.


DR. HARVEY:  I would like to read the conflict-of-interest statement.  The following announcement addresses conflict of interest issues associated with this meeting and is made part of the record to preclude even the appearance of an impropriety.


To determine if any conflict existed, the agency reviewed the submitted agenda for this meeting and all financial interests reported by the committee participants.  The conflict-of-interest statutes prohibit special government employees from participating in matters that could affect their or their employers' financial interest.  The agency has determined, however, that the participation of certain members and consultants, the need for whose services outweighs the potential conflict of interest involved, is in the best interest of the government.


We would like to note for the record that the agency took into consideration matters regarding Drs. George Vetrovec and Kyra Jo Becker.  These panelists reported interests in firms at issue but in matters that are not related to today's agency.  Therefore, the agency has determined that these individuals may participate fully in all discussions.


In the event that the discussions involve any other products or firms not already on the agenda for which an FDA participant has a financial interest, the participant should excuse him or herself from such involvement and the exclusion will be noted for the record.


With respect to all other participants, we ask, in the interest of fairness, that all persons making statements or presentations disclose any current or previous financial involvement with any firm whose products they may wish to comment upon.


DR. TRACY:  Thank you.


Can I ask the members of the panel to introduce themselves, please.


MR. MORTON:  I am Michael Morton.  I am with Soren Coe Cardiovascular(?).  I am the industry representative.


DR. AZIZ:  Salim Aziz, adult cardiac surgery from  Denver, Colorado.


DR. COMEROTA:  Anthony Comerota, vascular surgeon from the Jobst Vascular Center in Toledo and University of Michigan, Ann Arbor.


DR. PINA:  Ileana Pina, Director of Heart Failure Transplant, Case Western Reserve University, Cleveland.


DR. VETROVEC:  George Vetrovec, Chief of Cardiology, Medical College of Virginia Campus, Virginia Commonwealth University in Richmond.


DR. WHITE:  Chris White, interventional cardiologist for the Ochsner Clinic in New Orleans, Louisiana.


DR. PENTECOST:  Michael Pentecost.  I am Professor and Chairman of Radiology at Georgetown.


MS. WOOD:  Geretta Wood, Executive Secretary.


DR. HARVEY:  Elisa Harvey, Interim Executive Secretary for this meeting.


DR. TRACY:  I am Cindy Tracy.  I am the Interim Chief of Cardiology at Georgetown University Hospital.  I am an electrophysiologist.


DR. BECKER:  Kyra Becker, University of Washington.


DR. LASKEY:  Warren Laskey, interventional cardiologist from Baltimore.


DR. BAILEY:  Kent Bailey.  I am a biostatistician at Mayo Clinic.


DR. ZIVIN:  Justin Zivin, neurosciences, University of California, San Diego.


DR. LAZAR:  Ronald Lazar, neuropsychologist, Columbia Presbyterian Medical Center, New York.


DR. CARABELLO:  I am Blase Carabello, cardiologist and Chief of Medicine at the Houston V.A.


MR. DACEY:  Robert Dacey, consumer representative, Boulder County, Colorado.


DR. ZUCKERMAN:  Bram Zuckerman, Director, Division of Cardiovascular Devices, FDA.


DR. HARVEY:  I would like to read the voting-status statement.  I have appointment to temporary voting status.  Pursuant to the authority granted under the Medical Devices Advisory Committee Charter dated October 27, 1990 and as amended August 18, 1999, I appoint the following individuals as voting members of the Circulatory System  Devices Panel for this meeting on September 10, 2002; Anthony Comerota, Christopher White, Michael Pentecost, George Vetrovec, Kent Bailey, Kyra Becker, Ronald Lazar and John Marler.


For the record, these people are special government employees and are consultants to this panel under the Medical Devices Advisory Committee.  They have undergone the customary conflict-of-interest review and have reviewed the material to be considered at this meeting.


It is signed by David Feigel, the Director of the Center for Devices and Radiological Health dated August 30, 2002.


I have a second appointment to temporary voting status.  Pursuant to the authority granted under the Medical Devices Advisory Committee Charter of the Center for Devices and Radiological Health, dated October 27, 1990 and as amended August 18, 1999, I appoint the following individuals as voting members of the Circulatory System Devices Panel for the meeting on September 10, 2002: Blase Carabello, Ileana Pina and Justin Zivin.


For the record, Dr. Carabello is a voting member and Dr. Pina is a consultant to the Cardiovascular and Renal Drugs Advisory Committee of the Center for Drug Evaluation and Research.  Dr. Zivin is a consultant to the Center's Peripheral and Central Nervous System Drugs Advisory Committee.  They are special government employees who have undergone the customary conflict-of-interest review and have reviewed the material to be considered at this meeting.


It is signed by William Hubbard, Senior Associate Commissioner for Policy and Planning on behalf of Linda Skladany, the Senior Associate Commissioner for External Relations, dated September 2, 2002.


DR. TRACY:  At this point, I will open up the Open Public Hearing.

Open Public Hearing

DR. TRACY:  There were no scheduled speakers, but if there is anybody who would care to speak, please identify yourself at the microphone.


If not, we will close the open public hearing and move on to the sponsor's presentation.

Sponsor Presentation:  NMT Medical

P000049/S3, CardioSEAL STARFlex

Septal Occlusion System with Qwik Loader

DR. HARVEY:  I would remind the sponsors that they should please, first of all, use the mike for every time that you are speaking to the panel, introduce yourself when you begin to speak and also state your conflict of interest.


Thank you.  You can start.

Introduction and Opening Remarks

MR. AHEARN:  Good morning.


[Slide.]


My name is John Ahern.  I am an employee and shareholder of NMT Medical.  I am also the President and Chief Executive Officer.


[Slide.]


NMT Medical is located in Boston.  We have 100 employees and we have been in the cardiovascular implant business for the last sixteen years.  We are before this advisory panel today to review a PMA supplement submitted to the FDA in April for the percutaneous closure of patent foramenal valley in a very select group of patients having a high risk of embolic stroke.


I would like to thank the staff at the FDA, the panel chair and the panel members for their time and consideration today.


[Slide.]


You will hear from four additional speakers covering the following areas; the percutaneous closure for PFO, the PFO closure device description, clinical-trial overview analysis and outcomes, and concluding remarks.


[Slide.]


Speaking on behalf, or from, NMT Medical will be Michael Landzberg.  Dr. Landzberg is a cardiologist and Director of the Boston Adult Congenital Heart and Pulmonary Hypertensive Services at Brigham and Women's Hospital and Children's Hospital, Boston.


Carol Ryan; Ms. Ryan is Vice President of Research and Development for NMT Medical.  Kathy Jenkins: Dr. Jenkins is a cardiologist and Assistant Professor of Pediatrics at Harvard Medical School, an Associate in Cardiology at Children's Hospital, Boston.  Nancy Futrell:  Dr. Futrell is a neurologist and is Chair of the Stroke Section of the American Academy of Neurology and the Director of the Intermountain Stroke Center, Salt Lake City.


[Slide.]


We also have invited experts to help answer the advisory panel's questions during the discussion portion of the meeting.  With us today are: Peter Block, cardiologist; Amy Britt, clinical researcher; Ferdinando Buanonno, neurologist; Kimberlee Gauvreau, biostatistician; Kathryn Hassell, hemotologist; Thomas Hougen, cardiologist and also Chair of the Safety Committee for this high-risk study.


[Slide.]


Richard Kuntz, cardiologist; William Likosky, neurologist; Igor Palacios, cardiologist; Mark Reisman, cardiologist; and Carole Thomas, neurologist.


[Slide.]


Worldwide, over 8,000 successful percutaneous-closure procedures of the patent foramenal valley have been completed in stroke patients using the company's CardioSEAL and STARFlex technology.  Several thousand more patients have benefited from percutaneous closure of atrial septal and ventricular septal defects.


The company's devices for percutaneous closure of cardiac septal defects have been commercially available outside the United States for over six years.


In February of 2000, the FDA gave the company HDE approval for our CardioSEAL device for percutaneous closure of patent foramenal valley in patients with recurrent stroke that have failed medical therapy.  This HDE approval and the patients treated under the HDE has established the safety and probable benefit of percutaneous closure of PFO in select patients.


Currently, over 150 institutions in the United States have IRB approval for HDE access for this device procedure and indication.  In December of 2001, the FDA granted PMA approval for the same device for percutaneous closure of ventricular septal defects in certain high-risk patients.


The data we are presenting today is derived from the same multicenter study that was the basis for PMA approval given less than a year ago.  Published reports in peer-review journals including the latest issue of Circulation suggest that the company's percutaneous closure devices are effective and have low complication rates.


[Slide.]


Today, we are not seeking approval for a broad-based PFO indication.  Additional studies are needed before this can happen.  We are committed to fund and complete these larger studies.  Today, we are seeking approval and agreement to expand the current PMA approval and indication to include percutaneous closure of patent foramenal valley in a select group of high-risk patients using our latest generation STARFlex device.


A PMA approval would make treatment access less burdensome and less expensive than what is now required under HDE guidelines and, more importantly, a PMA approval would provide access to a next-generation device with a higher closure success rate.


We believe the study results before you offer reasonable assurance of safety and efficacy in this high-risk group of patients.  We understand there are concerns about percutaneous closure for PFO stroke patients beyond the restricted PMA we are seeking.  The company is very sensitive to that issue.


NMT Medical has a high level of experience working within restricted FDA HDE and PMA guidelines.  Over the last few years, the company has operated under three different and separate HDE approvals.  We have performed responsibly under these restricted approvals.


For the last year, we have worked within a very restricted PMA for VSD closure with the same device available under the three HDEs.  We have performed responsibly under the restricted PMA.  Should we gain your approval today, we are fully committed to continue to perform responsibly.  We have the systems in place and the experience to work under restricted PMA guidelines.


There is a slight change in the order of the agenda.  I would now like to introduce Michael Landzberg who will take us through the description of the STARFlex implantation procedure.


Thank you for your attention.

Procedural Overview

DR. LANDZBERG:  Thank you, John.


Good morning.


[Slide.]


My name is Michael Landzberg.  For the past decade and change, I have directed the Boston Adult Congenital Heart Group between the Brigham and Women's Hospital and Children's Hospital in Boston.  There I have performed the majority of interventional procedures in adults with congenital heart disease and, more specifically, with the collaboration of the neurologists, have participated in the majority of PFO closures when appropriate in an attempt to better understand and to effect some change in stroke prevention and recurrence.


I should add that I have no financial holdings with NMT Medical.  They are covering the costs of my being here today.


[Slide.]


The task that I have been appointed is to discuss with you the technical aspects of STARFlex PFL closure.  I intend to do that in three steps, as you see there.  I will begin with a general animation describing PFO STARFlex closure.  This will be followed by a more specific review of the requisite tools and the individual procedures associated with PFO closure and I will close by showing you an actual implementation under trans-esophageal echocardiography.


[Animation Slide.]


If you look up at the screen, after sedation, an individualized pain control access, venous access, obtained typically via the right femoral vein.  An entry catheter is placed within the inferior vena cava of the right atrium across the foramenal valley into the left atrium and there a guidewire, as you see there, is place within the left atrium and, typically, within the left pulmonary veins and the entry catheter is removed.


A highly compliant balloon is placed within the foramenal valley.   This highly compliant balloon, itself, is distorted during inflation allowing a mimicry of the foramenal-valley anatomy so that the interventionalist can choose the appropriate size device for PFO closure.


At this point in time, I typically place, right here within the foramen, a pigtail angiographic catheter and inject 10 ccs of contrast getting a picture very similar to the one that you see here confirming the anatomy of the foramen and the appropriate choice of device size for closure.


Next, a 75 centimeter long 10 French sheath is introduced into the left atrium over the guidewire and the guidewire and the sheath dilator are removed.  The appropriate STARFlex device is attached to a delivery catheter.  This catheter is brought right here to the very distal end of the sheath where either the distal left atrial arms of the device are extruded into the left atrium or, more typically, the guiding sheath is retracted allowing delivery of those left atrial arms, as you will see here.


After confirmation of the arm positions, the combination sheath and delivery catheter are retracted so that the left atrial arms are flush against the left atrial surface.  At that point, the delivery sheath is further retracted allowing the right atrial arms to be delivered and, after appropriate confirmation of the device arm positioning, the catheter is removed from the device.


At s point, I would like to emphasize what you see here.  What is occurring at this point for the clinician is a relatively silent but critically important adaptation and achievement of the STARFlex device and an improvement compared to the prior devices.


Technically, up until this point, the individual aspects of foramen closure are relatively basic for the interventional cardiologist.  All foramen-occlusion devices accomplish their goal by retracting what you see here, the top and bottom portions of the foramenal valley against each other and allowing for some septal distortion inside the device, itself.


It is absolutely, for the interventional cardiologist, him or herself, impossible to personally manipulate the delivery system to achieve absolute maximal centering of the device and minimal infolding and retraction inside the device, itself.


All prior foramen-occlusion devices had this same inability to maximally center the device and had more severe septal distortion, as you see here, and failed to allow for maximal complete closure of the foramenal valley.


That STARFlex system, itself, as you see here emphasized, has its own internal auto-adjusting spring mechanism which literally drives the device towards the anatomic center of the foramen allowing for less severe septal distortion and a more complete closure.


After the device has seated itself, the sheaths and catheters are removed from the patient.  The patient is allowed to convalesce, typically within twenty-four hours is allowed to return home and, over the first few weeks, if not months, complete endothelialization has occurred and incorporation into the left atrial and right atrial surfaces of the septum have occurred.


[Slide.]


Most of the tools required for STARFlex PFO closure are those familiar in presence and use to the adult interventional cardiologist and include standard wires, sheaths and catheters, as you see.


The sizing balloons and delivery sheaths that are specific to STARFlex PFO closure are very similar to those used in routine adult interventional procedures.  Similarly, the STARFlex delivery catheters and devices may be novel to the adult interventionalist.  However, their uses are exactly similar to very standard coronary interventions and their novelty is relatively short-lived.


[Slide.]


I am going to review with you the individual steps involved with PFO closure as seen during a cardiac catheterization, a little bit more specific than the animation you saw before.


[Animation Slide.]


After sedation and analgesia, from the inferior vena cava into the right atrium, into the left atrium, a catheter is placed and it is anchored here in the left pulmonary.  I have injected, once you see, a contrast to confirm positioning.  I leave a guidewire in this position, remove that initial catheter.


[Animation Slide.]


You see here an angiographic catheter placed within the foramen defining the anatomy for appropriate choice of STARFlex sizing for implantation.


[Animation Slide.]


A balloon catheter is placed directly within the foramen, as you see here, confirming the anatomy and the appropriate choice of STARFlex for implantation.


[Animation Slide.]


A 75-centimeter long sheath is implanted into the left atrium and the STARFlex device is now attached to a delivery system and placed within this guide sheath.


[Animation Slide.]


It is at the very tip of the guiding sheath and I have retracted the sheath allowing the distal-most arms to be delivered into the left atrium, as you see.


[Animation Slide.]


Both the delivery catheter and sheath are retracted so that the arms are flush against the atrial septum and device-arm positioning is confirmed here with trans-esophageal echo cardiography.  But this can be confirmed either fluoroscopically or the intracardiac echo. 
[Animation Slide.]


Once those arms are confirmed to be in appropriate position, the sheath is further retracted, the right atrial arms are delivered.


[Animation Slide.]


Again, arm positioning is confirmed either fluoroscopically or with the assistance of echocardiography.


[Animation Slide.]


At that point, the device is released from the delivery catheter.


[Animation Slide.]


Right atrial angiography may be performed to confirm appropriate device positioning.


[Slide.]


As you see here, in this still frame, the device can be shown to be perfectly locking to foramen closed.


[Slide.]


I would like to end with a final recapitulation.  You will see an actual implantation of a STARFlex device via trans-esophageal echo cardiography.


[Animation Slide.]


Let me review with you very quickly.  This is the right atrium, this empty space here.  The left atrium here between the two is the atrial septum and the foramenal-valley color is used to represent velocity of blood flow.  You will see flow within the foramenal valley, itself, here.


After sedation, again, as you recall, a catheter is used to cross the foramenal valley.  A guidewire is implanted in that position and, over that guidewire, is place a highly compliant balloon which you will see inflated in a second.


That dilation balloon will, in fact, mimic the anatomy of the atrial septum allowing for the implanter to determine the absolute size of an implantation STARFlex device.  You will see the distortion of that balloon occurring now.


Once that has been accomplished, the angiographic balloon is removed.  I place an angiographic catheter there to define the anatomy again and a long sheath is placed over the guidewire.  Through that sheath is placed the delivery device and catheter system to the very end of the delivery sheath.


At that point, the sheath is retracted allowing the distal left atrial arms to be deployed and you will see that occurring here.  From this moment on, the internal auto-adjusting springs of the STARFlex device literally drive this catheter and device system towards the anatomic center of the foramen allowing it to achieve minimal septal distortion.


This process usually takes about a minute as we retract the entire system confirming the arm positioning until they are flush against the left atrial surface here of the foramenal valley.  Once that has been confirmed, the catheter is further retracted allowing the right atrial arms to be deployed, and you will see that momentarily.


As the right atrial arms are deployed, further confirmation of their positioning is obtained either fluoroscopically or with the use of echocardiography, as you see here, and the device is released from the delivery catheter.  It assumes its more normal position.


At that point, the sheaths, catheters, are removed from the body.  The patient is allowed to convalesce after hemostasis is achieved.  The patient returns home typically within a twenty-four hour period of time.


I think you for your attention..


At this point, I would like to introduce Carol Ryan who is the Vice President for Research and Development for NMT Medical.

Device Description

MS. RYAN:  Good morning.


[Slide.]


My name is Carol Ryan.  I am an NMT employee and a shareholder.


[Slide.]


The STARFlex device has been designed for percutaneous closure of intracardiac defects.  It is delivered using the PMA-approved CardioSEAL delivery system and is a third-generation device which is a modification of the CardioSEAL.


[Slide.]


The CardioSEAL is a redesign of the Clamshell.   The framework was changed and the design changed to improve fatigue and corrosion resistance.  The STARFlex is a modification of the CardioSEAL.  A centering mechanism was added to improve centering and reduce the residual leak rate.  They are similar in that the tissue scaffold is the same and, histopathologically, they have had the same results.


[Slide.]


The STARFlex is available in three sizes, 23, 28 and 33 millimeter.  It is fabricated from MP35n.  There are radiopaque markers at the distal tip of each arm.  Polyester fabric is the tissue scaffold and polyester suture is used to attach it.  There is a pin-attachment mechanism for attachment to the delivery system.


[Slide.]


The only difference between STARFlex and CardioSEAL is the nitinol centering spring.  The advantages of STARFlex are the improved device centering and better apposition of device arms to the septal wall.  This results in significant changes, both a lower septal profile and higher complete closure rates.


[Slide.]


The STARFlex implant is attached and packaged with the Qwik Loader using nylon suture and a loader button.  The Quik Loader is used to collapse the implant and introduce it into the sheath and it is identical to the PMA-approved CardioSEAL Quik Loader.


[Slide.]


The critical STARFlex design features are that it is designed for long-term biocompatability, it utilizes a well-characterized tissue scaffold which encourages fast and thorough tissue encapsulation as you can see here in this sheath explant at 90 days with both the fabric and the device arms are fully endothelialized.


It has excellent corrosion resistance, a low metal surface area, is conformable to a variety of anatomies and has a low profile in the septum to minimize hemodynamic disturbances.  Additionally, it is MRI compatible.


Next I would like to introduce Dr. Kathy Jenkins from the Department of Cardiology at Children's Hospital, Boston.  Dr. Jenkins will talk about the clinical-trial overview.

Clinical Trial Overview

DR. JENKINS:  Thank you.  Good morning.


[Slide.]


My name is Kathy Jenkins.  I am actually going to give this presentation as well as the following one on behalf of my colleague, Dr. Kimberlee Gauvreau who is not available today but will be available by telephone conference for questions after 10:15.


My institution, the Children's Hospital in Boston, has a licensing agreement with NMT Medical for the STARFlex technology based on the Chairman of Cardiology, Jim Locke's, original contribution to the original invention.  In addition, this study was not originally funded by NMT Medical Technology.  The data for the presentation was obtained by NMT from Children's Hospital under a separate licensing agreement.


Both Dr. Gauvreau and I were assigned as some of the intellectual property associated with the data agreement but the majority is held by our employer, the Boston Children's Heart Foundation.  Also, my time and expenses are being paid for me to be here with you today.


I am a pediatric cardiologist and clinical researcher at Children's Hospital and the principal investigator for this study.


[Slide.]


What I would like to do is summarize for you the information that has been presented in the panel packet.  As I am sure you are aware, it is a complex submission consisting of four cohorts of patients.  Three of these are PFO cohorts for each of the three generations of the STARFlex device.


The pivotal cohort is from the STARFlex, itself.  Two other cohorts from the predecessor devices, the CardioSEAL and Clamshell I devices, are also shown, as  well, an additional cohort of STARFlex devices implanted in non-PFO patients.


[Slide.]


This data is from a study that is a prospective, multicenter trial that is ongoing and began enrollment in May of 1996.  Currently, there are over 650 patients enrolled in this study and enrollment through September 1, 2001 was submitted for the purposes of the PMA.  Children's Hospital in Boston is the sponsor of the study.


The study is overseen by a safety and data monitoring committee.  The study includes patients with patent foramenal valley as well as other types of defects and data from this specific study were used to support PMA approval for VSD as well as the three HDE approvals NMT was granted for the CardioSEAL technology.


[Slide.]


This high-risk study was designed to evaluate the safety and efficacy of the STARFlex device in patients with limited acceptable alternatives.  It is a prospective cohort of implanted patients without a control group.


[Slide.]


The referral and entry process for the study is shown in this slide.  Patients were referred to the implanting centers by, in the case of PFO, their neurologists or other treating physicians.  The information is then reviewed by an interventional cardiologist to determine suitability for moving forward.


The information about the patient was then presented to an independent peer-review team of an uninvolved cardiologist and cardiac surgeon who determined that the information provided was complete and determined the final entry of patients into the study.  This same process was used for non-PFO indication.


[Slide.]


The criteria used by the peer-review team were that the patient had one or more cardiac defects that resulted in sufficient hemodynamic derangement to warrant intervention with either a type of defect that is technically difficult or impossible to close surgically or an overall medical condition such that the surgical risks are sufficient to justify the known and potential unknown risks of the device-closure procedure.


[Slide.]


Throughout the remainder of the study, the management of patients was primarily dictated by their treating physician.  However, the outcome evaluations were performed according to the study protocol and baseline discharge 1, 6, 12 and 24 months following implantation.


These assessments included a clinical evaluation, chest X-ray, EKG, echocardiogram and fluoroscopy at 6 and 24 months.  Core laboratories were responsible for the final interpretation of chest X-rays and fluoroscopies as well as echocardiograms.


[Slide.]


In terms of presenting the efficacy information for this submission, we outlined the following goal of treatment.  The primary goal of treatment for this procedure in this cohort was to alter the negative health state associated with PFO patency where the negative health state resulted in right-to-left shunting or risk for systemic emboli.


[Slide.]


Based on that goal, the primary outcome for this submission is PFO eradication.  Secondary outcomes were improvement in oxygen saturation in cyanotic patients as well as the occurrence of embolic events.


[Slide.]


The primary efficacy outcome or PFO closure status was defined in the protocol to be by echocardiography.  The use of trans-esophageal echocardiograms and contrast injections were specifically left to the discretion of treating physicians at a specific meeting where this was discussed by the Safety Committee on June 12, 1998.


The committee recommended trans-esophageal echocardiograms if trans-thoracic views were deemed inadequate and also recommended that a contrast injection be performed at at least one follow-up time point in all PFO patients.


[Slide.]


This slide shows the residual flow categories by which closure status was determined.  Absent meant no detectable color flow or a negative contrast injection.  Trivial was less than a 1-millimeter jet.  Small, less than up to 3 in adults and more than small greater than that.


Once again, I should emphasize that these were reviewed by a core laboratory.


[Slide.]


Improvement in oxygen saturation was judged as a change from preimplantation baseline and cutaneous oxygen saturation at discharge six months post-implantation and most recent follow up.


[Slide.]


The occurrence of embolic events was ascertained at each follow-up time point but are presented to you throughout the entire period of follow up.  The evaluation and management decisions about these events were made by the treating physician but all of the events were reviewed by the Safety and Data Monitoring Committee.


[Slide.]


We retrospectively categorized potential embolic events for the purpose of this submission using the following definitions: CVAs or strokes with permanent neurological deficits or lesions seen on imaging studies;  classic TIAs as classic face and arm weakness and speech impairment; in middle cerebral-artery distribution with complete recovery by 24 hours after onset, and no permanent deficits on imaging; transient visual symptoms and other transient events.


[Slide.]


In terms of the safety assessment for the product, we used a comprehensive definition similar to drug studies whereby all adverse events occurring at any time point during follow up were recorded.  Each of these events was independently reviewed by a safety and data monitoring committee who were responsible for the final data classification in terms of attributability and seriousness.


[Slide.]


These are the degree-of-seriousness categories that were used by the safety committee using a standard definition.


[Slide.]


As well as the attributability categories.  We used three categories of attributability, definitely, probably or possibly where possibly was plausibly, similar to drug studies, related to device positioning, device arm fracture, otherwise to device, specifically to the implant portion of the catheterization or to the catheterization, itself or a variety of unrelated categories.


[Slide.]


The primary safety outcome was descriptive, defined as the proportion of patients with at least one serious or moderately serious event that was probably or definitely related to the device implant or catheterization procedure.


[Slide.]


A more comprehensive definition of all events that occurred during follow up was a secondary safety outcome.


[Slide.]


Just to remind you that we also have presented information about a CardioSEAL cohort.  These patients were derived from the exact same trial as the STARFlex cohort using identical methodology.


[Slide.]


A Clamshell I cohort is derived from a different source.  This information is from a retrospective registry of all patients implanted at Children's Hospital with devices during the original Clamshell regulatory trials.  Our database was retrospectively created in 1994 at the time of the Clamshell I FDA audits and then has been followed prospective since then.


It also includes patients with patent foramenal valley as well as other types of defects and is primarily intended as a screen for late device-related and other major clinical events.


[Slide.]


As it is a registry, follow-up testing is recommended by not required.  It becomes more frequent at later time points after implant.


[Slide.]


In terms of adverse events that have recorded since 1994, neurological events have been specifically screened for evaluating the clinical data that has been obtained.


[Slide.]


Echo closure status is defined similarly, although there is not a distinction in this group between trivial and absent defects.


Trial Analyses, Results and Conclusions

DR. JENKINS:  I would now like to show you the results from the study.


[Slide.]


This information, as I said, was prepared by my colleague, Dr. Kimberlee Gauvreau.


[Slide.]


The PFO pivotal cohort contains information about 49 patients who had a STARFlex device implanted to close a PFO.  All of these patients had the device successfully implanted at a single procedure with a single device.


[Slide.]


Although the entry criteria for our study was judgment based, for the purposes of clarification of the data presented to you, we have outlined the indications for enrollment for you on this slide.  As you can see, it was fairly diverse.  Patients had both complex and medical disease or both, hypercoagulable states, right-to-left shunting as a primary indication, failures of medical therapy and, as you can see at the bottom, somewhere in the range of 25 to 30 percent of the cohort had nonmedical contraindications to medical therapy.


Interestingly, the peer reviewers often cited the occurrence of the stroke as the reason for entry into the study as a contraindication to surgery.


[Slide.]


Thirty-nine patients had a prior neurological event as the primary reason that they were referred for closure.  Seven patients had right-to-left shunting as the primary reason and three patients had both.


You can see the age distribution of the patients who were enrolled.  I should say that these procedures were all performed at pediatric institutions so, for us, this is a rather old cohort.  The majority of the patients were between twenty and fifty years of age.


[Slide.]


All of the three available sizes of STARFlex are represented in this dataset.


[Slide.]


The use of medications pre- and post-device placement were dictated by treating physicians based on individual patient indications.  Aspirin is recommended for six months after implant as a part of our study design.


[Slide.]


As you can see in this slide, the use of medicines was variable but did shift after device placement with nearly half the cohort on no anticoagulation after six months and a substantially fewer number of patients on Coumadin at that period.


[Slide.]


This slide now shows the data for the primary efficacy outcome for the pivotal cohort.  Of the 49  patients, no information was available on closure status for two patients, in one case, because an echo was not performed and was missing and, in one case, because an echo was deemed uncertain by the core laboratory.


In the patients for whom data are available, 44 of 47 patients, or 94 percent, had documented complete closure.  One patient had a less-than-1-millimeter residual defect and two patients had larger defects noted.


[Slide.]


Although the type of echocardiogram was not specified by protocol, for the purposes of this discussion, we have outlined the types of echos that were done.  In the  majority of cases, trans-thoracic echos were used as the primary mode of assessment.


In three-quarters of patients, the treating physician did perform a contrast injection at one point during the follow-up period.


[Slide.]


This slide now shows the complete closure rates for the STARFlex device and the two predecessor devices as outlined in the panel pack.  As I said, the closure rate for the STARFlex device was 94 percent in this cohort whereas, in the CardioSEAL device, it was 80 percent and, in the Clamshell I device, it was similar.


As mentioned previously, the CardioSEAL and Clamshell device do not have this centering spring mechanism.


[Slide.]


This slide now shows the improvement in oxygen saturation in the patients for whom this was applicable.  The median oxygen saturation improved from 88 prior to implant to 99 after the procedure.  These results are statistically significant.


[Slide.]


This slides shows that a similar effectiveness was seen with the two predecessor devices although the median follow-up saturation was somewhat lower, probably again reflecting the higher residual leak rate with the predecessor devices.


[Slide.]


In terms of the occurrence of embolic events, the median follow-up time for the pivotal cohort is 6.5 months and, over this time period, no strokes were identified.  Four patients had transient neurological symptoms.


[Slide.]


The periods of follow up are substantially longer in the two additional device cohorts.  Median follow up for the CardioSEAL device is 14 months and, in the Clamshell, device it is 56 months.  This slide shows the number of strokes that were observed during the follow-up period in each of the three cohorts.


As I said previously, no strokes were observed in the pivotal STARFlex cohort.  One patient in the CardioSEAL cohort experienced a stroke as did one patient in the Clamshell cohort.


[Slide.]


We were asked by the FDA to try to get a better understanding of the numbers of strokes that might have been expected in our cohorts.  To do this, we present our understanding of patients risk for strokes in this particular group of patients.


The risk for stroke for an individual patient is the sum of their risk from attributes other than a PFO plus their risk from the PFO plus their risk from the procedure.  Therefore, successful PFO closure should reduce the risk of stroke to the expected risk based on patient attributes.


This expected risk can be conservatively approximated as the risk in the general population matched for age and gender.


[Slide.]


To calculate the expected stroke incidence in the general population, we used two data sources.  One is published data from the Framingham Heart Study, which reports information by age and gender for first-time stroke rate.  We also used similar information from the American Heart Association 2002 Heart and Stroke Statistical Update.  In general this information that AHA presents is derived from CDC data, and it shows first time or recurrent stroke rate by age and gender.


[Slide.]


In the pivotal cohort, we had 55 person years of follow up.  In the combined PFO cohorts, 408 person years of follow up were available.


[Slide.]


Each of the person years of follow up were stratified by age and gender.  The expected first-time strokes were then calculated assuming the population-based incidence rates from the Framingham study.  The expected first-time were calculated assuming population-based incidence rates from AHA update.


[Slide.]


This slide summarizes the results from this comparison.  The expected first-time stroke rates in the pivotal cohort was 0.064 and, in the combined cohort, was 0.90.  The expected first and recurrent stroke rates were 0.73 and, in the combined cohort, was 1.35.  The observed stroke rates in the pivotal cohort were 0 and in the combined cohorts were 2.


[Slide.]


It is not possible to do formal power analyses doing this analysis because of the age and gender stratification.  Therefore, to show what the stroke rates would have needed to be, we, therefore, instead present the hypothetical stroke rates that would be necessary to have been observed in order to achieve statistical significance.


For the PFO pivotal cohort, if we had observed two strokes during the follow-up period, this would have been different than the stroke rate in the general population for first-time or recurrent strokes.  As I mentioned previously, zero strokes were actually observed.


[Slide.]


In the combined cohorts, if we had observed five strokes, this, then, would have been higher than the level that would have been expected in the general population matched for age and gender for first-time or recurrent strokes.  As I mentioned, previously, two strokes were observed.


[Slide.]


Seven patients in the study met the primary safety outcome of having experienced at least one serious or moderately serious event that was probably or definitely related to the device implantation or catheterization procedure.


[Slide.]


This slide shows the nine events experienced by those seven patients.  One patient had three events initially catheter-induced arrhythmia during the procedure, afterwards, post-procedure atrial fibrillation, then symptomatic thrombus both on the device and within the atrium as noted at device explant approximately six weeks after the procedure.


Six additional patients had one event each, one  episode of catheter-induced arrhythmia, one episode of transient air embolism with no sequelae during the procedure, one retroperitoneal bleed that did not require intervention, two episodes of post-procedure vomiting requiring medication and I.V., fluid administration and one further episode of atrial fibrillation.


[Slide.]


Once again, additional adverse events were tabulated as a secondary safety outcome and were reported in half the cohort.


[Slide.]


This slide shows the categorization of these larger number of events, the majority of which were deemed by the safety committee as being unrelated.  Seven patients did have a device-arm fracture detected during the period of follow up without any clinical sequelae.


[Slide.]


This slide shows a Kaplan-Meier curve of the time to first device-related event.  As you can see, the events do appear to occur quite early.


[Slide.]


This slide now shows all of the additional events that were in any way even possibly related to the device throughout the follow-up period.  All are episodes of possible arrhythmia.


[Slide.]


No patients died during the follow-up period and the only device explanted is the one that I told you about previously.


[Slide.]


This slide now shows a similar type of information from the larger CardioSEAL cohort.  One patient experienced an episode of atrial fibrillation during follow up with a possible strand of thrombus noted that resolved on treatment and one patient had a malpositioned device.


[Slide.]


Once again, these events were noted relatively early after the procedure.


[Slide.]


This slide now shows similar information from the Clamshell cohort.  In this cohort, two patients experienced device embolization.  One had significant hypotension.  One patient had a friction lesion noted in the location of a device-arm fracture.  This device was ultimately explanted and one patient experienced a stroke during follow up with adherent thrombus described as superior on the atrial septum, apparently closely related to the device.  This resolved on medical treatment and the device was explanted one month later.  No thrombus was present at the time of device explanation.  In addition to the thrombus, this device had a residual leak which I believe was a part of the reason for going forward with explanation even though the thrombus had resolved.


This patient also had post-procedure atrial fibrillation and, six months later, was diagnosed with a lung primary.


[Slide.]


This slide now shows these device-related events in the much longer follow-up period of the Clamshell I cohort. A late event at nine years after implant is the late drop on this slide.


[Slide.]


In conclusion, in a complex group of patients at risk from PFO patency, implantation of a STARFlex device achieved complete PFO closure in 94 percent of patients, higher than predecessor devices.  PFO closure resulted in significant improvement in cutaneous oxygen saturation in patients with right-to-left shunting and cyanosis.


Incidence of stroke during follow up was no different than would be expected for first or first and recurrent strokes in the general population matched for age and gender.  Procedural adverse events were infrequent and manageable and late events were rare.


Thank you very much.


I would like to introduce the next speaker, Dr. Nancy Futrell.  Dr. Futrell is the Director of the Intermountain Stroke Center in Salt Lake City and she is the Chair of the Stroke Section for the American Academy of Neurology.

Concluding Remarks

DR. FUTRELL:  Good morning.


[Slide.]


My name is Nancy Futrell.  I have no financial interest in NMT Medical.  I will be reimbursed by the company for my expenses in making this trip and for my time away from work.


[Slide.]


We are all well aware of the public-health implications of stroke.  It is the number-three killer in the United States and the leading cause of disability.  Clearly, a large number of the patients who suffer strokes will go on to permanent disability and the financial expenses are horrendous.


Treatment options are improving and secondary stroke prevention is clearly better than it has been in years, but there are subgroups of stroke patients who still have inadequate secondary preventative measures available.


[Slide.]


We have known for a long time that congenital heart disease is the primary cause of stroke in patients under age 4, but, historically, patent foramenal-valley and paradoxical emboli have been considered rare events in adults.  The major treatment we have offered these patients in the past has been either open-heart surgery or chronic anticoagulation which has been less desirable because of the young age of the patients and because of the complications of the open-heart surgery.


[Slide.]


Things are changing with new diagnostic techniques and we are now aware that patent foramenal valley is probably a risk factor for stroke in some number of young patients.  We say here under age 65, but, clearly, many of those of us in practice are seeing this in patients in their twenties, thirties and forties.


We have improved techniques for diagnosing the patent foramenal valley which are both sensitive and specific and, further, the new techniques allow us to get a lot more information on the anatomy of the PFO and look for the specific defects which are higher-risk defects for recurrent stroke


We know that pharmacologic failures are not infrequent.  Patients go on to have recurrent stroke in spite of full antiplatelet therapy and full anticoagulant therapy.  It is thought that this is, in part, from the sequestration of blood in the tunnels of the patent foramenal valley making anticoagulation less effective.  These patients are a real problem to us in everyday clinical practice.


We have all been waiting for adequate percutaneous device to be available for closure in order to avoid surgery which is a major consideration in our patients.


[Slide.]


The study material that has been presented today does have some limitations and we are all well aware of those but there are some strengths in the study.  First of all, there was a panel which determined the appropriateness of patients for the catheter closure and validated the need for this closure to occur.


The patients were all followed prospectively.  There is a reasonable assurance of clinically meaningful benefit to these patients as they were well known to be high-risk patients many of whom had already had recurrent events on full-dose Coumadin.


The study further provides reasonable assurance of safety and efficacy.  The complications were manageable and the long-term and short-term safety of device placement and of long-term device in the body has been clarified by these trials.


[Slide.]


These patients are like some of those that we wrestle with in clinical practice where they had few, if any, acceptable treatment alternatives.  The patients are at high risk and would prefer, as we, as the physicians would prefer, to find a nonsurgical option.


Furthermore, because a lot of these patients are young, it is of concern to me as their physician to expose them to the cumulative risk of anticoagulation and/or antiplatelet therapy over the decades of their lives.  They are difficult patients for neurologists and we were pleased, as neurologists looking at the study, to see that this high-risk group of patients were able to have their stroke risks reduced down to that of the general population with the closure device.


[Slide.]


The indications for the use that have been proposed by the company are to close patent foramenal valley with the STARFlex device in patients who are at risk for recurrent cryptogenic stroke or transient ischemic attack when those are presumed to be caused by paradoxical embolism from the PFO.  These are to be limited to patients who are poor candidates for surgery or for conventional therapy for a variety of reasons.


[Slide.]


Which patients are in practicality from my practice candidates for STARFlex closure in the future?  First of all, I am looking for patients who have a history of a definite embolic neurologic event.  We carefully need to rule out alternate sources of embolus, in other words, that will improve the likelihood that the patent foramenal valley is, indeed, responsible for the event.


We need to look for risks of conventional therapies and we need to determine those patients who have higher anatomical risks of the patent foramenal valley.  We know atrial septal aneurysm has been associated with higher risk when a patent foramenal valley is present.


Currently, as our understanding of the patent foramenal valley is improving and as we are looking at more of these patients with recurrent events, we are getting better understanding of the anatomy and risk of these lesions.


[Slide.]


Surgical closure is a problem.  It has increased morbidity and clearly increased cost and recovery time.  When we compare the types of morbidity we see in the supporting data presented today compared with the types of cognitive problems that we, as neurologists, see after patients have been on the pump, it is clear that there are some advantages to a non-surgical approach.


As far as pharmacologic therapy, there are also inherent problems here.  Cumulative lifetime risks of decades of pharmacologic therapy are significant.  Risk of anticoagulation alone is 1 percent per year.  Pregnancy is clearly made more dangerous by antithrombotic therapies and, furthermore, we have to switch the pregnant patients from Coumadin to heparin if they are on anticoagulant.


It is a significant expense during the pregnancy and a significant risk to the mother.  Lifetime blood tests are required with many of these treatments and long-term compliance, as you know, is a problem with medical therapies.


[Slide.]


The concern is what happens in the PMA environment when we make the device more available.  I believe we are all concerned for the need to control device usage, make sure it is appropriately used in only high-risk patients.


[Slide.]


Neurologists ought to be the primary gatekeeper.  The majority of the patients in the study presented today were, in fact, stroke patients.  The majority came through the neurologists.  Clearly, there is a move nationwide in the Stop Stroke Act to see that neurologists are, in fact, managing and seeing most of the patients with strokes.


We need to define, and this includes probably in the label, itself, what those high-risk PFO groups are.  Clearly, only centers with a cooperative stroke program, an  interventional cardiology program, who are working together to both select patients and assure the quality of selection and outcome should be allowed access to this device.


There will be more postmarketing study needed.


[Slide.]


There are other groups of patients who may become candidates for STARFlex closure in the future but these concepts are evolving and these patients should not be candidates for therapy until appropriate studies are done.  Based on our current evidence and our clinical practice, we know that there are some high-risk stroke patients with recurrent strokes on medical therapy who are benefitting from STARFlex closure.


Further, we have seen, both in the studies and in clinical practice of the earlier-generation devices, that the STARFlex and the STARFlex predecessors are safely and completely closing patent foramenal valley and reducing the risk of recurrent stroke.


Thank you.


DR. TRACY:  Thank you very much.


Are there any short clarifying questions from the panel before we move on to the FDA presentation?


DR. PINA:  Dr. Tracy.


DR. TRACY:  I'm sorry.  Dr. Pina?


DR. PINA:  In your long-term cohort with the Clamshell, how many of those patients do you actually have follow up on?  I saw the rate of stroke and all that, but it has been a while, apparently, since those patients came through your institution.  How many of those do you actually have follow up on today?


DR. JENKINS:  There is some follow-up information in the vast majority of the cohort.  The curves are presented as Kaplan-Meier curves so it would be through the period of last follow up.


DR. TRACY:  Thank you.


Can we move on to the FDA presentation, please.

FDA Presentation


MS. BUCKLEY:  Good morning.


[Slide.]


My name is Donna Buckley.  I am a mechanical engineer in the Interventional Cardiology Devices Branch in the Office of Device Evaluation at the FDA.  I am also the lead reviewer for the CardioSEAL STARFlex septal occlusion system PMA, supplement submission P000049, Supplement 3.


Today, Dr. John Stuhlmuller and I will present the FDA summary for the STARFlex system.  This device is a transcatheter septal-defect occlusion system used in the treatment of patent foramenal valley.


Your points of discussion for the clinical study results and labeling recommendations will be taken into consideration by FDA and the evaluation of the application.  Finally, you will be asked to vote on the approvability of this application.


[Slide.]


The FDA summary will provide a brief overview of the FDA review team, background, device description, nonclinical evaluation, clinical evaluation and questions directed to the panel.


[Slide.]


Members of the FDA review team present today are Donna Buckley, myself, and Dr. John Stuhlmuller, the medical officer for the file from the Office of Device Evaluation and Dr. Gerry Gray from the Office of Service and Biometrics, the statistical reviewer for the application.


[Slide.]


NMT Medical received HDE approval for the CardioSEAL device for the treatment of PFO in patients with recurrent cryptogenic stroke due to presumed paradoxical embolism through a PFO and who have failed medical therapy.  They also received PMA approval for the CardioSEAL device in December, 2001 for the treatment of ventricular septal defects in high-risk patients.


The STARFlex device is similar in design to the CardioSEAL device except that the STARFlex device includes a nitinol centering spring.


[Slide.]


The occluder is a double umbrella design with an MP35n metal frame, attached polyester material and a nitinol centering spring.  Approval is sought for three sizes ranging from 23 to 33 millimeters and the device size to defect diameter ratio is generally 1.7 to 2.0 to 1.0.


[Slide.]


The implant is loaded into a 10 French delivery sheath using the Quik Load device.  It is attached to the delivery system tracked through the delivery catheter and deployed across the defect.  In vitro or bench testing, as  outlined in Section 1.4 of the FDA summary, was performed the evaluate the mechanical integrity and function of the STARFlex device.


Biocompatability testing of the device components was conducted in accordance with ISO10993.  Animal studies on sheep models were performed to evaluate acute one-month and three-month outcomes and the results of the bench biocompatability and animal testing demonstrate the integrity and functionality of the device for its intended us and there are no outstanding preclinical issues.


Now, Dr. Stuhlmuller would like to make a few comments about the clinical evaluation and I will come back and address the questions to the panel.


DR. STUHLMULLER:  Good morning.


[Slide.]


My name is John Stuhlmuller.  I am a medical officer in the Interventional Cardiology Devices Branch in the Division of Cardiovascular Devices.  I am going to provide a brief overview of the clinical information contained in the PMA supplement.


[Slide.]


Clinical datasets: the sponsor has provided information for four different clinical datasets.  First is the pivotal cohort for PFO closure using the STARFlex device.  The non-pivotal clinical datasets include the following: use of the CardioSEAL for PFO closure, use of the Clamshell I for PFO closure, and use of the STARFlex for closure defects other than PFO.


On the pivotal cohort for PFO closure will be reviewed at this time.


[Slide.]


Pivotal cohort: the pivotal cohort for PFO closure is a retrospectively derived, open-label, single arm patient subset of the high-risk registry conducted under an IDE at Boston Children's Hospital.  No control group has been identified.  Patients were eligible for device placement if surgery was either technically difficult or impossible or if the patient was sufficiently sick that surgery would pose an unacceptable risk.


Enrollment in the registry is consistent with the compassionate-use criteria as outlined in the expanded-access provisions of the Food and Drug Administration Modernization Act of 1997.  The registry is also primarily a single-center study.


[Slide.]


A total of 49 patients were retrospectively identified for inclusion in the pivotal cohort for PFO closure.  Devices were placed in 49 of 49 patients in whom device placement was attempted.


[Slide.]


Indications for closure: indications for closure included prior neurological event in 39 patients, presence of right-to-left shunt in only seven patients, and both a prior neurological event and shunt in three patients.


[Slide.]


Patient outcome assessment, effectiveness: no prespecified outcome measures were provided for assessment of effectiveness, clinical benefit.  Procedural success defined as a reduction of embolic risk using echocardiography, a surrogate endpoint, has been proposed as the primary efficacy outcome measure for assessment of clinical benefit.


Evaluation of a recurrent neurological event, a clinical endpoint, has been proposed as a secondary outcome measure for assessment of clinical benefit.


Safety: no prespecified outcome measures were provided for assessment of safety, clinical benefit versus risk.  The primary safety outcome was assessed by evaluating the number of patients who experienced serious or moderately serious device implantation- or catheterization-related adverse events.


[Slide.]


Effectiveness, echocardiographic assessment.  Of the 49 patients enrolled, no echo information was available for five patients.  No echo follow up was provided in two patients and echos were classified by the core lab as uncertain in three patients.  Therefore, echocardiographic assessment was only completed in 44 of 49 patients.


The sponsor reports closure in 43 of 44 patients for a procedural success rate of 97.7 percent.   Of the 44 patients, six patients were classified as having complete closure based on preliminary review in which the core-lab readings were uncertain.  Technical imaging errors occurred in nine of the 49 patients.


No strokes and four transient neurological events were reported.


[Slide.]


Safety: patient evaluations were scheduled at one, six, 12 and 24 months after device placement.  Adverse events by time of event are reported as within two days of implant, two days to one month, one month to six months and six months to most recent follow up.


Adverse events were characterized as device-related with a separate analysis for device-arm fractures, implantation-related and catheterization-related.


[Slide.]


Serious or moderately serious adverse events were noted in 13 of 49 patients in which device placement was attempted.  Seven device-related, one implantation-related and five catheter-related adverse events were noted.  Device-arm fractures were noted in seven of 49 devices.


[Slide.]


Study limitations: study limitations include the following; vague patient selection criteria, no control group, no prespecified study endpoints, no prespecified success criteria and no prespecified sample size.


In summary, FDA believed that this study does not qualify as a well-controlled investigation.


MS. BUCKLEY:  FDA would now like to obtain input on the following questions.


[Slide.]


The sponsor has submitted data to support the approval of the use of the CardioSEAL STARFlex device in the following patient population: patients at risk for recurrent cryptogenic stroke or transient ischemic attack due to presumed paradoxical embolism through a patent foramenal valley and who are poor candidates for surgery or conventional drug therapy.


To support this indication, the sponsor has provided a retrospective subset analysis from a registry study sponsored by Boston Children's Hospital that includes patients with various anatomic defects who are considered high-risk for surgical closure.


The pivotal cohort is comprised of 49 patients with PFOs.  Regarding efficacy, no prespecified outcome measures were provided for assessment of effectiveness and procedural success defined as reduction of embolic risk using echocardiography has been proposed as the primary efficacy outcome measure for assessment of effectiveness.


The sponsor reports a procedural success rate of 97.7 percent.  Of the 49 enrolled patients, no echo information was available for five patients and, of the remaining 44 patients, six additional patients are classified as having complete closure based on preliminary review.  See Table C1A in Section 5D1 of the panel pack.


Evaluation of recurrent neurological events has been proposed as a secondary outcome measure for assessment of effectiveness.  There were no strokes reported and four of 49 patients were reported to have transient neurological symptoms.  See Table C2A to C3A in Section 5D1 of the panel pack.


[Slide.]


Question 1a: Please discuss the use of procedural success as the primary efficacy outcome measure for assessment of clinical benefit.


Question 1b: Please discuss the use of the occurrence of potential embolic neurological events after device placement as a secondary efficacy outcome measure for assessment of clinical benefit.


[Slide.]


Regarding safety, no prespecified outcome measures were provided for assessment of safety.  The primary safety outcome was assessed by evaluating the number of patients who experience serious or moderately serious device implantation or catheterization-related events.


Of the 49 patients evaluated over the follow-up period, thirteen patients experienced a serious or moderately serious adverse event.  These events were further characterized as related to the device for seven patients or related to the implantation or catheterization procedure, six patients.


There were no patient deaths or strokes during the follow-up period.  See Tables B1 to B13 in Section 5D1 of the panel pack.


[Slide.]


Question 2a: Please discuss the use of serious and moderately serious adverse events as the primary safety outcome measure for assessment of clinical benefit versus risk.


Question 2b: Please discuss whether the echocardiographic evaluation and clinical evaluation allow adequate assessment of device-related clinical events.


[Slide.]


Question 2c: Please discuss whether adequate information has been provided to allow assessment of the risk of recurrent cryptogenic stroke versus risk of device-related neurological events.


Question 2d: Please discuss whether adequate information has been provided to characterize the appropriate post-device placement antiplatelet regimen or anticoagulation regimen.


[Slide.]


Question 3: Please comment on the lack of a prespecified control group, prespecified outcome measures and prespecified sample size.


[Slide.]


If you believe that the data presented today are inadequate to support safety and effectiveness, please address the following questions.


[Slide.]


Question 4a: Please clarify if additional analyses on the current dataset could be performed to provide adequate information to support safety and effectiveness.


Question 4b: Please clarify if the collection of additional data using the current patient selection criteria and outcome measures would be adequate to support safety and effectiveness.


[Slide.]


Question 4c: Alternatively, if you believe that a new trial is required, please address the following clinical-trial design questions.


Question i: given, our current understanding of the causal relationship of the presence of PFO in stroke, please discuss whether a randomized trial is necessary to evaluate safety and effectiveness and, if so, can a randomized trial be completed at this time and what is an appropriate control group.


[Slide.]


Question ii: Please discuss whether adequate trials can be designed with historical controls or objective performance criteria.


Question iii: Based on the type of study design proposed, please address the following issue: Please characterize the appropriate patient population for study enrollment; please discuss the appropriate primary and secondary outcome measures for evaluation of effectiveness and safety; and, as part of this discussion, please comment on the use of clinical versus surrogate endpoints.


[Slide.]


Please discuss the appropriate duration of patient follow up.  Please comment on what would be a clinically relevant sample size.  Please discuss the criteria for a successful trial.  Finally, please comment on whether adjunctive antithrombotic medication regimens should be left to the operator or prospectively outlined in the protocol.


[Slide.]


A summary of the physician training program has been provided in Section 5 of the panel package.


Question 5: Please discuss any improvements that could be made to this training program.


[Slide.]


One aspect of the premarket evaluation of a new product is the review of its labeling.  The labeling must indicate which patients are appropriate for treatment.  Identify potential adverse events with the use of the device and explain how the product should be used to maximize benefits and minimize adverse effects.


[Slide.]


Question 6a: Please comment on the Indications for Use section as to whether it identifies the appropriate patient population for treatment with the device.


[Slide.]


Question 6b: Please comment on the Contraindications section as to whether there are conditions under which the device should not be used because the risk of use clearly outweighs any possible benefit.


[Slide.]


Question 6c: Please comment on the Warnings and Precautions Section as to whether it adequately describes how the device should be used to maximize benefits and minimize adverse events.


[Slide.]


Question 6d: Please comment on the Operator's Instructions as to whether it adequately describes how the device should be used to maximize benefits and minimize adverse events.


[Slide.]


Finally, Question 6e: Please comment on the remainder of the device labeling as to whether it adequately describes how the device should be used to maximize benefits and minimize adverse events.


The panel package includes the available data for the STARFlex device in the pivotal cohort.  In addition, data were provided for the CardioSEAL device and for the Clamshell I follow-up study, Section 5D3 of the panel pack.  It includes some follow up out to ten years.


Please discuss long-term adverse effects that may be associated with the device implantation including late thrombosis formation, the risk of endocarditis, problems with late operation and arrhythmias.


[Slide.]


Question 7: Based on the clinical data provided in the panel package, do you believe that additional follow-up data or postmarket studies are necessary to evaluate the chronic effects of the implantation of the STARFlex device.  If so, how long should patients be followed and what endpoints and adverse events should be measured?


Thank you.


DR. TRACY:  Any brief clarifying questions from the panel to the FDA?


DR. COMEROTA:  Is that all?


MS. BUCKLEY:  That's it.


DR. TRACY:  I think, at this point, we are bit ahead of schedule but we will go ahead and take a fifteen-minute break at this point.  Please be back at a little before quarter of.


[Break.]

Open Committee Discussion


DR. TRACY:  We are going to move on to open committee discussion at this point and the sponsor is invited to the table there to ease things.


I will ask Dr. Vetrovec to open with his comments and review.


DR. VETROVEC:  I will try to brief.  We have a very distinguished panel that I am sure can add a lot, but it just seems to me, to summarize very quickly, we were asked to evaluate the efficacy and safety of a device that was implanted in 49 patients in a pivotal study of which a minority of the patients had oxygen desaturation as a primary indication and the majority of the patients had some defined, not well defined, but some neurological event in association with high-risk attributes that warranted device placement other than medical or surgical therapy.


Several things that I think are worth taking into consideration are whether or not the changes in oxygen saturation that are indicated in the subgroup of patients with desaturation were associated with actual clinical improvement in the patients' functional status.


I think that category of patient otherwise is fairly easy to understand, particularly if they have an improvement in functional performance.  Perhaps more concerning to me is trying to wrestle with the subgroup of patients who have had cerebrovascular events.


One of the questions that troubles me a little bit is there is no clear summary of the admitting diagnoses that constituted a neurological event.  That might be worth discussing because, on the other side, are four neurological events that don't categorize a stroke and are categorized as some other noncerebral ischemic event.


Yet, it is not clear to me that they were not necessarily the same initiating event that got the patient into the study and was considered a concerning neurological event.  So it would be worth comparing those, it seems to me, events and I would be interested in the sponsor's comments.


I would also wonder about the use of the AHA stroke criteria as a "control" when there are published data as to the relative risk of stroke in patients with PFOs with various defined medical treatment and why that was not used as the comparative cohort in the presentation that we saw.  I would further ask, just to be certain, that these patients only have PFOs and that they are not subgroups of patients with associated atrial septal aneurysms.  That seems not to be well-defined in this.


The last comment I have is if one looks at Page 12 of the handout we have of the presentation, on there is a list of the TEE versus TTE endpoints.  One of the things that strikes me, looking at this, is there are definitions of trivial residual flow or small residual flow in a group of patients that only three of whom had transesophageal echos.  Yet, the vast majority of these patients had transesophageal echos pre-implantation of the device.


One of the questions would be how many of those patients pre- required either bubble studies or specifically a transesophageal echo to identify the shunt and were the same criteria able to--I mean, were there matching diagnostic studies at the end.


That is, if a patient required a TEE, to show the shunt before implantation of the device but only had the TTE at follow up, do we really know that that is a closed defect.


So I would, I guess, ask the sponsor to comment on those issues.


DR. TRACY:  For the sponsors, again, please identify yourselves.


DR. JENKINS:  I am Kathy Jenkins.  Let's see if I had all four of them down correctly.  The first one was about whether the definitions that got you into the study were the same as the definitions that were classified as outcomes after the study.  Is that your first question?


DR. VETROVEC:  Correct.


DR. JENKINS:  And whether, I think particularly the transient neuro-type events that were seen afterwards and recorded as potential events were the kinds of events that were seen previously.  I think that is a very good question.  I actually don't have quantified information for you of the numbers of strokes and numbers of recurrent events that the original cohort had prior to this.


I think it is very important to understand that the entire protocol is, in my mind, more a clinical effectiveness rather than efficacy trial, to use the precise term.  The events that had occurred previously were of sufficient potential to have been embolic to have gotten the patient referred for the study.


The events that occurred subsequently were actually interpreted in light of what the people knew about the closure status and the clots on the device by the treating physicians.  So I think your point is a good point and we certainly could go back and clarify that for you.  But I don't have that information for you now.


The second question was a comparison of the AHA stroke data rather than the papers in the literature of cohorts of patients treated medically for stroke.  This is a big issue in this study and in the choice of our presentation of the data.  It is actually an even bigger issue in the more comparative PFO trials that are being contemplated.


I, personally, believe that one problem with many of these studies is that the issue of baseline patient risk versus attributable risk to the PFO has not been well defined in many of those studies.  I didn't find a comparison cohort in the literature that I felt we could control for baseline risk of patient separate from the PFO that would be an appropriate comparison.


So Kimberlee Gauvreau chose, instead, to go all the way back to sort of basics of simple age and gender distributions rather than adjusting for things that were not well presented in the literature and couldn't have been easily adjusted for in our patients in terms of understanding follow-up stroke rates.


That is our basis for our presentation of the information rather than any of the literature comparison cohorts.  In the follow-up studies, patients can experience strokes even after successful PFO closure and then it gets attributed to something else.  I see that as a failure of the diagnosis of the PFO in the first place and an issue of attributable risk to the PFO.


I think the next question was about the atrial septal aneurysms.  We have that information and we didn't actually present it to you because of the subgroup analysis problem.  We are very appreciative that these are very small cohorts that we are giving you.


In our entire PFO cohorts overall, we have, in general, observed approximately 10 percent of our population to meet a definition of atrial septal aneurysm.  We have not stratified the outcomes by this 10 percent category, but they are included in all three of the cohorts.


Then the last question was about whether the PFOs had been identified by TEEs pre- and then by TEEs during follow up.  I should clarify, by the way, that I think part of the decision not to use TEEs during follow up is remember that the vast majority of patients had TEEs done during the procedure with closure assessed at that point.


That is actually not an endpoint for our study.  I wish, in retrospect, it had been.  We actually used discharge echocardiography and then subsequent evaluations to assess closure status over time.  So those information are not presented to you even though they were done.


I should also just comment about the TEE use and IVE use.  As I said, this issue was specifically addressed by our safety committee at one point early in the trial.  I think this is a reflection of the pediatric bias.  These are pediatric centers predominantly and issues of multiple procedures and even IVs, I think, are a more sensitive issue in the pediatric context.


But, perhaps more importantly, transthoracic views in younger patients are actually often deemed adequate.  In our study, we did use this, the judgment of our clinicians regarding this.  So I do think your point is well taken about the comparative nature of this, of the assessment.


DR. VETROVEC:  I guess one thing that would be helpful is if you could convince us that the TTEs on the patients pre- indicated the shunt and you didn't need TEEs to show the shunt or bubble studies because only three-fourths of the patients got bubble studies and only three patients got TEEs afterwards.  So there is a huge--if you needed great sensitivity pre- to show the shunt, you don't have the same sensitivity post.


DR. JENKINS:  One issue just in terms of the FDA presentation of the closure-status data, we actually received the comments from the FDA after the due date for the panel submission.  So I believe that you did receive a supplement which was some clarification of some of the questions that they asked.


One issue particularly was the echo-closure status.  It wasn't actually technical issues related to imaging that prevented the core-laboratory assessments in the original submission.  It was a recording glitch and problem that we couldn't solve quickly.


But the newest information which was presented to you in advance and summarized in my slide is 100 percent core-laboratory reviewed with the two uncertain studies that  I mentioned previously.


DR. FUTRELL:  If I could just add on the literature comparison and why we chose the Framingham study for comparison, if we look at what is in the literature, we had several problems in trying to compare it to the pivotal cohort.  First of all, the patients in the pivotal cohort were younger than those in any of the published PFO literature.


Furthermore, these were not patients who came into the trial because of a simple PFO and one stroke, as some of the things we see with the WARSS and Mas.  These were essentially simple, often one-time strokes.


But, if you look at the pivotal cohort with n equals 49, over half of these patients, actually 33 of these patients, had severe complicating factors that can't be replicated in any of the published literature on PFO.  Thirteen of these patients had complex medical and cardiac disease which would have eliminated them from much of what is in the literature.


We had complex cardiac shunt with desaturation which, again, is different than what we see in the WARSS study or the Mas study.  We have failure of medical therapy either with recurrent events or complications of the medical therapy in fourteen patients.


So we essentially have a more complex patient entry group than we can find in any of the published literature so the comparison was difficult to make.


DR. TRACY:  Thank you.


We actually have two lead reviewers for this application and I will ask Dr. Marler to ask questions.


DR. MARLER:  So the question I have is the control group.  The--I am just trying to figure out how to phrase it.  Could you relate the control group and the patients that you studied to the indication that you are requesting which isn't limited to patients with an apparently higher risk?


DR. FUTRELL:  I am not sure what you are getting, at John.  There was not a control group as we know.  It was a single-arm trial.


DR. MARLER:  Right.  Who are you proposing to use the device in in the future?  What is the indication you are asking for here?


DR. FUTRELL:  Patients with embolic ischemic events in the brain who have absence of other risk factors leading one to conclude the PFO is a highly likely reason for that and patients who have contraindications to other therapies, medical therapies.


DR. MARLER:  To me, that seems very similar to the group that is described in the WARSS PFO substudy.


DR. FUTRELL:  The WARSS PFO subsets didn't have the kind of recurrent events.  Obviously, if somebody has a PFO, we think the PFO is the cause, we put that patient on Coumadin.  The patient has another event through Coumadin.  We want to have the option to close that PFO.  I don't think we had anything like that in WARSS.


DR. MARLER:  So you are talking about patients who have had two events?


DR. FUTRELL:  Certainly, that is one category of patient that we see and it is not an infrequent one that we see in clinical practice of young patients with PFOs, no other stroke risk factors, and they fail Plavix and they fail Coumadin.


DR. BAILEY:  How many of your pivotal group had multiple events at baseline, history of two or more?


DR. FUTRELL:  At baseline, I don't know.  But, clearly, the criteria for entry into the study, there were a number of those patients who had failed medical therapy so, obviously, that was a recurrent event.


DR. BAILEY:  I thought I understand failed medical therapy could also mean intolerance to anticoagulation.


DR. FUTRELL:  There were three patients who failed Plavix and aspirin.  There were six patients with recurrent ischemic events on Coumadin.  There were four patients who had side effects of Coumadin and one patient who couldn't get the Coumadin dosing right.


So six patients breaking through full dosing anticoagulation.


DR. BAILEY:  Okay.


DR. JENKINS:  Although we didn't tabulate specifically the number of events that had occurred, if that is your question, what was the distribution of the number of prior events.  We didn't tabulate that.


DR. MARLER:  I found what I was looking for.  I'm sorry, on Page 17, you are saying, "indications for use for both proposed closure of patent foramenal valley in patients at risk for a recurrent cryptogenic stroke or transient ischemic attack due to presumed paradoxical embolism through a PFO and who are poor candidates for surgical or conventional therapy."


So you were saying patients who had had a recurrent stroke.


DR. FUTRELL:  Patients who have a recurrent stroke in spite of medical therapy would certainly be--and if you say poor candidate for medical therapy, if medical therapy doesn't work, I think they are a poor candidate for medical therapy.  A failure of medical therapy would say that they are a poor candidate for using that as a long-term prevention.


DR. JENKINS:  There are other types of patients who could meet the broader definition.


DR. MARLER:  I was trying to relate, then, again, the patients that were in your study to the patients that you propose to use it in.  You had said that the WARSS patients, the patient with cryptogenic stroke, the patients with PFO, would not be included in the study or would be--would be included for future use or would not?


DR. FUTRELL:  No.  My point about the WARSS study was that that population was a lower risk population.  Even if you take just those patients who entered WARSS, were found to have PFOs, take that subgroup, those were a lower-risk PFO population than this population because this was a sicker population, more congenital heart disease, and patients who had already, in many cases, had a history of breaking through medical therapy.


Any patient who had already broken through Coumadin would not likely have been randomized to WARSS.


DR. MARLER:  So my question is would not the patients who were in WARSS, who had a PFO and cryptogenic stroke, be eligible by the Indications for Use proposed.


DR. FUTRELL:  Some would, I think, but it wouldn't necessary all be.  Some would.  We are talking about people with more than just a PFO and a stroke.  The patients in WARSS were people with a stroke, then you happened to find a PFO.  So all they were is you take stroke patients across the board who have PFOs.


If you rule out those with major carotid stenoses, which were ruled out of WARSS, rule out those with absolute cardiac sources of emboli, which are ruled out of WARSS, you are taking a group of patients that entered the trial because of a clinical event and were then found to have a PFO.


That is different than what we are talking about.  We are talking about the patients who had a clinical event, were then found to have a PFO but had additional problems that the WARSS patients don't have.


DR. MARLER:  Okay.  So I am trying to find out how that is included in your Indications for Use proposed.


DR. FUTRELL:  In the slide that says which patient is a candidate for STARFlex PFO closure, my concept of who needs consideration of PFO closure is somebody with a history of neurologic events.  That is no different than WARSS.


Other sources of embolus ruled out is a little different than WARSS because we were just talking about ruling out a carotic stenosis that was significant enough for surgery.  I think we need to be a little bit more detailed about that in patients with significant atherosclerosis that need systemic treatment for atherosclerosis, even if that treatment is not surgery, should not go to PFO.  They should have medical treatment for their atherosclerosis.  They shouldn't be going to PFO closure as the first thing.


Those with higher risk of conventional therapy, in that people who are pregnant women or women who plan to go through future pregnancies, that is a risk for conventional therapy.  Those patients weren't the WARSS patients.  That is completely different.


So I am saying we need much more than just what got patients into WARSS and had a PFO.


DR. MARLER:  Would you agree that, in those patients who did have an event and were found to have a PFO and were followed in the WARSS study, there seems to be little relationship in the recurrent stroke as to whether or not they did have a PFO?


DR. FUTRELL:  Those are clearly the data presented in the study.  But, again, there is a lot more information on the horizon about the high-risk anatomy of PFO that wasn't addressed in WARSS.  So, although they did address the atrial-septal-aneurysm issue, there are more issues of size of shunt and of tunnel characteristics which may turn out to be pertinent as the tunnel is a place where a clot can be sequestered.


Those issues weren't addressed by WARSS, in part because, as you know, when we design a clinical trial, by the time the trial is finished, we have new information that, had we had more--had the TEE criteria for the high-risk PFO anatomy have been better defined at the outset of WARSS.  Then we would have had more information we could put in.


So there is clearly a difference there in terms of the high-risk anatomy evaluation.  The other thing that I cannot figure out about WARSS is how they can define the shunts and high amounts of shunts when they are talking about ten bubbles.  When I look at their echo results, it doesn't make any sense.  Their amount of traverse bubbles across the PFO is so low, it has nothing to do with the kinds of patients that we are seeing in our clinic and the kinds of PFOs we are seeing on TEE.  I can't make sense of it.


DR. KULIS:  If I could just ask Dr. Michael Landzberg to come up and clarify a little bit more on the question about the WARSS study and how it relates to the proposed Indications for Use.  I'm sorry; I didn't introduce myself.  My name is Anne Kulis with NMT Medical.


DR. LANDZBERG:  Hello.  I'm Mike Landzberg.  Two aspects to relate to you with regard to the questions that you have asked.  Number one, these patients are different than the patients enrolled within WARSS.  These, by definition, are high-risk.


DR. MARLER:  Are you talking about--


DR. LANDZBERG:  The patients in the pivotal study.


DR. MARLER:  I understand that.  I was asking--okay; go on.


DR. LANDZBERG:  And the patients that are being proposed are different than the patients that were included in WARSS which was all-inclusive by definition.  These, by definition, the patients that we are proposing, are patients that are poor candidates from either a medical standpoint or from an anatomic standpoint for standards of therapy.


Similarly, the questions and the difficulties in extrapolating from WARSS to this population has to do, again, with attributable risk to the foramen, itself, versus other medical confounders.  WARSS, in itself, recognized that there were statistically different medical confounders in the populations that were studied that made this a difficult-to-assess risk.


So the issues of medical confounders versus attributable risk to the foramen were never addressed by WARSS.


DR. MARLER:  All right.  But I still don't think you have addressed my question of how your Indications for Use proposed would exclude the patients that were in WARSS.


DR. FUTRELL:  If you just take the high-risk for conventional therapy, that would exclude a lot of WARSS patients.  By definition, to enter WARSS, they had to be Coumadin candidates.  We are talking about a lot of patients who aren't Coumadin candidates so I think that is a big one right there.


DR. MARLER:  I guess I am just not communicating my point.  I am trying to figure out who you are proposing to use the device in and how clearly specified it is.  To me, it looks like the Indications for Use are reasonably broad and don't--it is not clear to me how you would distinguish what you are proposing--the patients you are proposing to use it in and the patients, for instance, that were in WARSS among many others.


DR. BECKER:  Anne Kulis, again.  I would like to ask Dr. Likosky to come up and provide a little bit more insight on this issue, please.


DR. LIKOSKY:  I am Bill Likosky.  I am Director of the Stroke Program at Swedish Hospital in Seattle.  I don't have any financial interest in the company.  They are paying my expenses and time for coming.


I think, to some degree, from a neurologist's perspective, we have patients who are relatively young when they have stroke in which there appears to be no other etiology which would easily explain it.


At the same time, we have some patients who, by the nature of their PFO, look as if that is the cause of it; for example, people with a large PFO.  We are currently doing bubble studies where we would quantitate passage across the PFO, people with atrial septal aneurysms and, I think, increasingly, people we recognize who have clotting abnormalities.


I think, when we look, then, at somebody who has had a presumed embolic event, and we add these other features together, we begin to define a population that could be considered people at high risk of a recurrent embolic event associated with a PFO which appears to be the culprit.


I think that, in a way, distinguishes these people from the WARSS study.


DR. MARLER:  Right.


DR. TRACY:  Dr. Marler, any other questions?


DR. MARLER:  Not right now.  Thank you.


DR. TRACY:  Do you want to ask a question now or--


DR. PINA:  No; I would like to ask a question in follow up to this.  When you say that the patients have cardiac abnormalities, what cardiac abnormalities are you talking about?  Let me refer specifically to your Page 17 where you have pulmonary vascular resistance as the reason for the cardiac abnormalities, 16 percent.


In my experience, and you do have several cardiomyopathies in here--I counted that 26 of your patients were over the age of 30--


DR. TRACY:  I'm sorry; Dr. Pina, could you tell us what page you are referring to?


DR. PINA:  Page 17 under Section 5C.  The pulmonary vascular resistance increase causes an otherwise closed foramenal valley to open and it is sort of a fail-safe mechanism.  Actually, closing that foramenal valley causes right-sided failure.


In the packet, and I don't remember in which of your studies, you actually have a patient who developed more hepatic congestion and hepatic encephalopathy where closure of the PFO was not the thing to do because of right-sided problems.


So your patient selection and the cardiac disease, I have issues with.  You also have some patients in here who have tachyarrhythmias.  The tachyarrhythmias alone could be a harbinger of emboli.  It doesn't necessarily have to be associated with a PFO.  So, again, in your patient-selection criteria, I am having a problem with the cardiac disease without some really good delineation of what that is.


DR. JENKINS:  It is actually very difficult to tabulate in sufficient detail what this cohort looked like for you.  This is, by definition, a diverse group of patients.  For example, the right-to-left shunting patients had congenital heart disease in the majority of cases.  So I think that we have tried to just use simple categories to describe it to you.  I think we have struggled to try to give you a sense of what the patient cohort looked like.


I am not sure I understand, though, how that is a criticism of our evaluation of the effectiveness or safety of PFO closure.


DR. PINA:  It does have to do with patient selection.  Blase, I'm sorry.


DR. CARABELLO:  If I could follow up.  This was a question that George asked as well.  You had ten patients with right-to-left shunts and closed the hole, and, obviously, their oxygenation got better.  What happened to their right-sided hemodynamics.  There is always the concern that if you take the shunt flow, add it to total right-sided output, the pulmonary pressure will go up.  So we surely must have data on right-atrial pressure and pulmonary-artery pressures.


DR. JENKINS:  We have a lot more data about the cohort than is presented to you here.  Interestingly, that particular group of patients has been a focus of discussion in the study overall, more in the ASD anatomy, rather than the PFO anatomy group.  So it is really not well summarized for you here.


We did have an occasional patient who died in the study overall within a week or two after closure of an atrial septal defect, presumably due to those types of changes.  Interestingly, there is actually a special category that our safety committee added partway through the study to distinguish those patients who were, perhaps, poor candidates for atrial septal closure in the study overall.


None of the patients in the pivotal cohort had that definition applied to them on review by the safety committee.


DR. CARABELLO:  Right.  But what I am asking is, of those ten patients with a right-to-left shunt in whom you closed it, what happened to their pulmonary-artery pressure?


DR. JENKINS:  I don't have PA pressure for you.  I have clinical data for you that show that the patients did well for the follow-up period afterwards with a complete screening for adverse clinical events that would have occurred should they have compromised from that in a context where other patients had that and were reviewed and were not deemed to have had those clinical events.


DR. LAZAR:  I would like to go back to Dr. Marler's notion about for whom this is indicated.  Going to the notion of risk for a recurrent cryptogenic stroke, if a patient has a PFO and is found to have, or have had, a cryptogenic stroke there is no evidence, let's say, for peripheral vascular disease or other risk factors for something outside of the brain to cause a stroke or the carotid disease and so it remains cryptogenic, how do you conclude that the PFO was important, or the closure of the PFO important, in preventing another stroke if you haven't established what the stroke mechanism is in the first place?


DR. FUTRELL:  Obviously, the whole business of cerebral embolism is a tricky one because our evidence is always indirect.  When we are talking, even when we see a carotid stenosis, whether that is embolizing, that is indirect.  When we see atrial fibrillation, that is indirect evidence.


We know that we take a person who has had an embolic stroke.  We look for all those sources that could produce emboli and we go from there.  I am certainly not proposing, for any of my patients, that a person who has a single stroke and has a PFO and absolutely nothing else be put in a group that will have a STARFlex closure of their PFO.


I am looking for more than that.  If I see somebody who has absolutely nothing else, comes in with a definite clinical event, has a 2-centimeter stroke on MRI to match the clinical event, often we will see one or two other silent things that we didn't recognize.


If I see a high-risk anatomy on transesophageal echo, then I would consider that person for PFO closure.  So, if there is an atrial septal aneurysm and a long tunnel and I see a large amount of shunting on the transcranial Doppler with bubble study, or on the transesophageal echo, that patient would be considered.


The similar patient that has just a standard PFO, not a big atrial septal aneurysm and sort of a medium-sized amount of shunting, those patients are put on medical therapy in my clinic and they would be considered for a STARFlex only if they failed the medical therapy.


DR. TRACY:  Could I just ask that panel--let's just go around like this so that we make sure that everybody is getting a chance here.  Since we are going in that direction, Dr. Zivin.


DR. ZIVIN:  I have a series of questions I would like to ask.  Just as a starting point with Dr. Futrell, she listed a whole series of criteria that she would, personally, like to see for patients to qualify for in order to order this device.  Unfortunately, the protocol doesn't have any specifications and, as far as I can tell, approximately 20 percent of the people sitting in this room have PFOs with right-to-left shunt.


Consequently, it would be entirely legitimate for somebody to set up a TEE device in the middle of the room and have us wander by and approximately 20 percent of us would be eligible for a procedure with no indications.  So it seems to me that the lack of selection criteria is critically important considering the fact that millions, if not many more, would be potentially subject to a procedure.


The second thing is that there are no clear indications, as far as I could tell, for surgical failure.  We have indications for medical failure but not for surgical failure.  We have no test as to whether determining--probably the most important one is no test to determine whether closure of the PFO improves the patient outcomes.


You didn't test for that and, in medical therapies, we must prove efficacy which does not appear to have been the case here.  I would like to know why it is that this device does not need to pass that standard.


DR. FUTRELL:  Obviously, to address your first point, the high numbers are of concern to all of us.  The high numbers of PFO individuals--we shouldn't call 20 percent of the people in this room patients--but the high numbers of PFO individuals tell us this is a common occurrence.  Obviously, everyone who has a PFO is not having symptoms from the PFO. In fact, most people who have PFOs are probably not having any symptoms at all relative to those PFOs.


When we look at the bubble studies that we do in our clinic, we are finding numbers of our patients, closer to 55 percent, who have PFOs who we find right-to-left shunts on the transcranial Doppler with agitated saline.  That is what would be expected for a clinic that is basically a stroke clinic.  Our population is going to be skewed to a higher number of PFOs.


But when we look at the studies we do, about one-third of those patients have higher levels of shunting and shunting at rest rather than just with maneuvers.  So, if we take the PFOs, we can clearly break them into groups where a lot of them have really trivial shunting.  The ones with trivial shunts can easily be moved out.


DR. ZIVIN:  Did you test whether there was a difference?


DR. FUTRELL:  Did I test in the trial?


DR. ZIVIN:  Yes.


DR. FUTRELL:  The trial didn't test the difference in--


DR. ZIVIN:  Has anybody tested whether that was a difference?


DR. FUTRELL:  The Mas trial did have a little something.  They had mention of the amount of shunting.


DR. ZIVIN:  Did they statistically prove a difference?.


DR. FUTRELL:  No.


DR. ZIVIN:  Okay.  Now, I would like to know what criteria you would have for failure of surgery.


DR. FUTRELL:  The issues of failure of surgery are not going to happen--it doesn't come up very often because we haven't done surgery on a lot of these patients.  But when I went back to Utah in '97 and the PFO issue was kind of coming of age, I sent a total of about ten patients to surgery.


One of those patients had a failure of surgical closure and had to be reoperated.  Now, the failure of surgical closure in that particular case was defined that she was out in her yard--said that she was working in her yard, felt a pop, and all of her symptoms that went away when her PFO had surgically--post come back.


DR. ZIVIN:  With due respect, I would prefer not to discuss anecdotes.  I would prefer to discuss data.


DR. FUTRELL:  So the data was that she was put on the TC--


DR. ZIVIN:  That was one patient.  I would prefer to--


DR. FUTRELL:  It is the only surgical failure I have had, Justin.  It is the only one.  Out of ten patients, I have one failure.


DR. ZIVIN:  So, obviously, you don't have statistical data to prove that your therapy is better, worse or the same as doing nothing.


DR. FUTRELL:  We know that patients are going to surgical closure for PFOs.  We know what the complications of heart surgery are.  We know about the cognitive complications.  We know about the expense.  We know that patients with PFOs are having failures with medical therapy and those patients are either going to go to surgical closure or to catheter closure.


DR. ZIVIN:  Do we know that patients who are having PFOs are having complications?


DR. FUTRELL:  Of surgery?


DR. ZIVIN:  Yes.


DR. FUTRELL:  We haven't done the same degree of neuropsychological testing for the PFO indication.  Those are pump studies, general pump studies.


DR. ZIVIN:  You had in your data something like 25 percent of patients had complications due to surgery.


DR. JENKINS:  I'm sorry?


DR. ZIVIN:  In your data, you proposed --


DR. JENKINS:  These patients did have surgery.


DR. ZIVIN:  At various different levels as 25 up to 80 percent of the patients had complications as a consequence of surgery.


DR. JENKINS:  I'm sorry?  None of the patients presented to you had surgery.  None.


DR. ZIVIN:  Then who got the closures?


DR. JENKINS:  I'm sorry?  This is a percutaneous--


DR. ZIVIN:  What I am saying is approximately 25 percent, in some cases up to 80 percent, had complications as a consequence of device placement.


DR. TRACY:  Can I just clarify?  I think he is asking you about the patients that you had, trying to make a comparison between what would have happened in a surgical group versus what happened with your percutaneous closure device and he is reporting what he believes is your complication rate from the percutaneous.


Am I getting that correct?  So a comparison between percutaneous closure complication versus surgical closure complication.


DR. JENKINS:  I think that seven of the patients in the pivotal cohort, or 14 percent, met the safety definition for the study of having had a moderately serious or a serious even attributable by the safety committee to the device or the implant procedure or to the catheterization, itself.


So I am unclear as to where the figure of 25 to 80 percent is from.


DR. ZIVIN:  If you look through your data, you will find it.  But, what fraction of age-matched patients had complications as a result of medical therapy?


DR. JENKINS:  I'm sorry?


DR. ZIVIN:  What percentage of patients age-matched had complications of medical therapy during that same time period.


DR. JENKINS:  Age-matched?


DR. ZIVIN:  Yes.


DR. JENKINS:  I am not following.  You mean you would like to see the failures of medical therapy stratified by age?


DR. ZIVIN:  No; I want complications of the therapy, not failures of the therapy, because then we will get, under the next question, what fraction of your patients would, over a long period of time, have strokes.  You followed them for six months.


DR. JENKINS:  We followed the pivotal cohort for median of 6.5 months.


DR. ZIVIN:  Okay.


DR. JENKINS:  Your question is?


DR. ZIVIN:  I want to know what fraction of the patients were injured by therapy, by your device placement, and what fraction of the patients were injured by medical therapy during that same period of time.  You told me what the incidence of strokes was in treated patients with medical therapy.  I want to know what the comparable patient size population of device-placed therapy would also have as complications over a comparable period of time.


DR. JENKINS:  Could we go back to the slide of the patients, the actual complications that occurred?  I think that would be the easiest, the primary safety outcomes slide from my presentation which lists all of the complications.


DR. ZIVIN:  I was asking for efficacy, not safety.


DR. JENKINS:  You are defining complication as part of efficacy?  I'm sorry; we didn't collate the data with complications defined as part of efficacy.


DR. ZIVIN:  Okay.  So you have evidence of safety but not efficacy.  All medical devices are required to prove now both a balance between safety and efficacy.  You are applying for a standard that requires evidence of safety which you are not clear about and efficacy which you have no data about whatever; is that correct?


DR. JENKINS:  I would not agree with that statement; no.


DR. ZIVIN:  Tell you how you would agree with it.


DR. JENKINS:  I think that we did show you efficacy data.


DR. ZIVIN:  Please show it to me.


DR. JENKINS:  Could we go back and show those slides to the primary efficacy outcome data slide.


[Slide.]


These are efficacy data using closure status as the measure of efficacy.


DR. ZIVIN:  I want to measure it as a function of stroke rates.


DR. JENKINS:  Then go forward to the secondary efficacy outcome data.


[Slide.]


These are efficacy outcome assessments of strokes.  These are difficult to benchmark in a study without a comparison cohort.  Therefore, we provided the expected stroke rates as shown on the following slides.


DR. ZIVIN:  Why wasn't a comparison group chosen as a comparison group?  For example, it is unethical to withhold a form a therapy either anticoagulation or aspirin from such patients.


DR. JENKINS:  I'm sorry; I'm not following.


DR. ZIVIN:  All of those patients should have been, according to current guidelines, either been on aspirin or anticoagulation.


DR. JENKINS:  Right.


DR. ZIVIN:  You said you didn't have a comparison group.  Where are they?


DR. JENKINS:  If you show, actually, a slide that we showed earlier--


[Slide.]


--we do show the medications that the patients were on at the entry to the study.  The vast majority of patients were being treated with medical therapy by their physicians at the time of entry to the study.


DR. ZIVIN:  And then you did not, then, continue on with another arm of the study to show a parallel comparison between the patients who remained on the medical therapy versus your device.


DR. JENKINS:  If I could just make a comment.  I think it is pretty clear from the data that has been presented that we have been clear that there was no comparison arm.


DR. ZIVIN:  I understand that.


DR. JENKINS:  So you seem to be asking why we didn't do that.


DR. ZIVIN:  That's right.


DR. JENKINS:  It is a study that was designed as a single-arm trial with a judgment-based entry criteria and a structured follow up overseen by a safety committee and a core lab from its inception.


DR. ZIVIN:  Your trial represents a history of clinical-trial development not the future.  What you were proving was that your device closed a lesion safely, or at least moderately safely.  You did not show that your therapy was better than best medical therapy for this condition.  Under those circumstances, I see no indication for believing that you have proven that the device is useful for anything.


DR. JENKINS:  Just to point out, less than one year ago, this similar type of data was used by this panel to grant a PMA approval for VSD.


DR. ZIVIN:  The fact is that the PMA approval may have been on a different standard than we are trying to achieve today.


DR. TRACY:  I think we need clarification on  what is required from the FDA for approval of a device.


DR. ZUCKERMAN:  Right.  First of all, a reference was made to the PMA approval one year ago.


At that time, a similar type device was being brought before this panel for a different indication.  It is very important to stress that; a different indication.  The standard of evidence, however, remains the same.  It is a relative assurance of safety and efficacy.


Of course, we always read those definitions into our record at the end of this panel meeting, but it is important to note that efficacy is also required for PMA approval as opposed to what is required for HDE approval.


DR. TRACY:  Anything else?


DR. MARLER:  Can I follow up?  The reason I was talking about the indications for proposed use is I was trying to follow your set of logic.  I think your argument for effectiveness, essentially your primary outcome was it plugged the hole up and it did so very well.


The reason I am--and then the logic is that the stroke that is presumably caused by something going through that hole is prevented because the hole is plugged up.  It is pretty obvious and intuitive.  But the problem is that when I look at the literature about PFO it is not really clearly documented what the association between PFO and stroke is.


Is it related to other factors?  Is it an entirely independent risk factor?  In some cases, it seems to be.  However, I guess we are going to have to disagree about your indications for proposed use but it seems to me a large number of the patients who entered WARSS and were found to have PFOs after having an original stroke, would have been eligible.


Yet, in that case, the incidence of stroke was similar in patients with PFO and without.  So, it seems to me that there isn't that much evidence that just the presence of the PFO, itself, is the entire source of the risk of the stroke.


To me, that argues more strongly that you do need some kind of control group in which you prospectively define exactly the subset that you talk about when we are trying to get the indications defined, and compare the two groups with or without closure.


Do you have any--how do you address that?


DR. FUTRELL:  Actually, I think we probably agree on more things than we disagree.  Let me see if I can explain it in a way that illustrates that.


First of all, just a point of clarification.  I was not involved in this trial of the patients who were presented today.  I have been sort of an innocent bystander who has been taking care of patients in clinic and has found patients with presumed paradoxical emboli who were failing medical therapy.


My option has been to send these people to surgery.  I have been waiting, just hoping the catheter devices would be safe to place and would close the PFO.  So I have looked at the study from that perspective, to say are these PFOs closed and how did these patients do as far as outcomes.


Then this has been followed up with my own experience with the center, with our interventional cardiologist, Sharon Sorenson, who has placed about forty or fifty of these devices, some of which have been in my patients.  So that is the way I come to this meeting.  I am not vested in the trial, per se, other than to see if I have an option for my patients.


So my situation is that, as we see these patients, they come into clinic and they are in their twenties and they are in their thirties and they have had a clear-cut stroke.  It is unequivocally a stroke, clinically and by MRI.  They have recurrent events on medical therapy.  They need an option.


At this point in time, in the majority of stroke centers in the country, the option of a catheter closure is not there, so the only option for these patients is surgical closure.  My purpose in being here is to try and make the catheter option more widely available but in extremely controlled circumstances.


That is the reason for trying to put conditions on who is to be a candidate for closure.  We are not trying to see we have proven unequivocally with a controlled trial that PFO closure is a good thing.  We are trying to say, we have a population of patients that are difficult.  They are not responding to medical therapy.  We are closing the PFOs, not having recurrent strokes thereafter.  Let's widen the indications but I agree with you absolutely that this trial does not answer all of the questions.


It doesn't even answer the majority of the questions.  But it says, I, as a clinician, have a safer option than surgery now.  That is what it tells me.


DR. MARLER:  But the only data that I can see that is consistently and prospectively developed, very surprisingly, I think, to everyone involved showed that there was little difference between stroke patients with and without a PFO with regard to recurrent stroke rate, which means that there needs to be a better understanding of the pathological process and it does not, apparently.


Recurrent stroke in patients with PFO does not seem to deal entirely with the existence of the PFO or not.


DR. FUTRELL:  I think you are absolutely right.  I agree.


DR. MARLER:  Wouldn't a better controlled situation that you are describing be a clinical trial, itself, in exactly the subpopulation you defined, not some very large broad category of patients in which the benefit of closing PFO, I think, has been seriously questioned by a lot of people.


DR. FUTRELL:  I think we would have some ethical dilemmas in randomizing a patient with a PFO, a young patient with stroke and PFO, to medical therapy when that patient has already failed medical therapy.  I think, ethically, we couldn't do that.


DR. TRACY:  Can we move on to Dr. Bailey, please?


DR. BAILEY:  I have a number of comments and questions.  I guess I do have a problem with language distortion in calling the primary--I think the label of the primary endpoint here was reduction of embolic risk.  I think it should just be called closure of the hole, as was pointed out.


The data presented this morning relating the follow-up information in the 49 in the pivotal cohort was compared to the underlying risk in a population; i.e., patients out in the community.  I think the purpose was to try to show that the risk had been reduced to that level.


But I would like to see an upper confidence limit on the relative risk compared to the population.  My guess is it is rather high.  The point is not that you can't show it is higher than the population at large.  The question is have you reduced it from what it would have been.


I accept the fact you don't think you can find adequate data in the literature, but I think, if you are going to show a comparison, it doesn't do any good to show that you don't have enough power to prove that it is worse than the ambient risk in the population.  You need to show that it has been reduced.


So maybe I will stop and just let you address that.


DR. JENKINS:  Actually, my colleague, Dr. Gauvreau, I am hoping, will be able to address that question.  How do we get her?


DR. GAUVREAU:  I'm here.


DR. TRACY:  I am going to ask you to introduce yourself by phone so that we know who we are talking to.


DR. JENKINS:  I had made your disclosure for you earlier, Kim, before your presentation.


DR. GAUVREAU:  Okay.  I am Kimberlee Gauvreau.  I was the biostatistician who worked on this trial.  My understanding of the question was--it is a little bit difficult to hear, but the question was about confidence limits on the comparison to the general population cohort; is that correct?


DR. BAILEY:  That's right.


DR. GAUVREAU:  We did have sufficient data from the general population to actually do that.  All I had were age and gender-specific drug incidence rates.  So, instead, I chose to put the confidence limits around stroke in our cohort and compare that what would have been expected and experience the incidence rates in the general population.


DR. BAILEY:  I think your expected numbers were something well under 1; correct?


DR. GAUVREAU:  Right.


DR. BAILEY:  If I am not mistaken, the upper Poisson confidence limit in a group would be about three events.  So, in other words, your upper limit on the actual risk of stroke is about 3 in 49.


DR. GAUVREAU:  That's right.  We observed 0, but the confidence interval was 0 to 3.7.


DR. BAILEY:  Okay.  So, 3.7 divided by the expected in the population would be your upper confidence limit on the relative risk.


DR. GAUVREAU:  It would be close; yes.


DR. BAILEY:  Which is about what, 50, 100?


DR. GAUVREAU:  I don't disagree that the confidence limits are wide because of the relatively small sample size.


DR. BAILEY:  So you haven't really demonstrated that the risk is not different than it is in the population.  You have just shown that you don't have power.


DR. GAUVREAU:  I mean, we have shown with the information we have that our pivotal cohort, that the incidence of strokes does not look worse than the general population.  I mean, we did not see any.


DR. BAILEY:  What about the four events that did occur?  I suppose there isn't population data on that type of event?


DR. JENKINS:  He is talking about the transient events, Kim.


DR. BAILEY:  Yes.


DR. JENKINS:  I think the answer is yes, there really aren't good population data.  Also, I think that, as a measurement tool, transient events are a little bit softer as far as the reason for occurrence of events and stroke.  So, actually, I, personally, prefer the stroke outcome data even though the numbers are very small and that does make the math more difficult.


DR. BAILEY:  However, it is possible that those four events have the same mechanism, the mechanism we are looking for.  So at least those are four events that were not prevented by closing the hole.


I would really ask to separate the two indications--I mean, the two indications of the shunt leading to hemodynamic or desaturation versus the embolic event risk.  It seems to me this is two totally different reasons and to pool them is, like, you are borrowing the gloss from the shunt group to say that the whole group is benefitting.


I think we really have to talk about those two indications separately.  It seems to me it is very logical that closing the hole, if the reason for the original event was an embolus through that hole, then closing the hole should have 100 percent effectiveness for that mechanism.


Obviously, at least 60 percent to 70 percent of people with cryptogenic strokes don't have PFOs.  Therefore, there must be lots of other unknown factors out there that are causing cryptogenic strokes.  And many people are walking around with these PFOs that aren't having strokes.  So it is reasonable, I think, to conclude that at least 50 percent, maybe more, of cryptogenic strokes are not caused by PFOs.


Still, if some of them are and you can't identify which ones are, it is conceivable that closing the hole will reduce the risk of strokes, but the problem is how much.  I think that is where it is the cost-benefit tradeoff that is at issue here.  We don't even have any idea what the benefit is.  All we can measure is the risk.


What about surgery?  I can appreciate that you have a dilemma if a patient is clamoring for surgery.  They want to feel like they are safe.  If they have surgery, then they feel safer, but we don't know how effective that is.  I guess, if you have a procedure that is less toxic than surgery, and it has the same unknown benefit, maybe very small, it is better to have that.


But is that a good reason for doing it?  I think we need a randomized trial and I don't see why you can't randomize people given the uncertainty with respect to what the cost-benefit tradeoff is here.  There are certainly complications of all these different strategies.


What about anticoagulation?  What should you do after you close the hole?  Given that the PFO was probably less than 50 percent likely to be the cause, even if it is cryptogenic, how do you know how much coagulation, whether to use anticoagulation arm.  There should be three arms of a trial.  You should have closure with anticoagulation, closure without anticoagulation and nothing, or anticoagulation alone.


DR. KULIS:  Anne Kulis, again.  I would like Dr. Kathryn Hassell, a hematologist invited expert, to address that issue.


DR. HASSELL:  Good morning.  I am Dr. Kathryn Hassell from the University of Colorado.  I am the region's clotter, if you will.  NMT is sponsoring my trip here today and covering my expenses and time away from practice.  I have no other financial interest.


This is an ongoing struggle from a hematologist perspective.  These are people who have strokes.  By definition, they have blood-clotting disorders.  Now, I might not be able to name them.  I might not be able to tell you what polymorphism they have, but, as opposed to the millions of Americans that have been discussed who have PFO, these people are different somehow.


The hematologist's perspective is that they have something stickier about their blood, evidence the fact that they get better on anticoagulation and risk reduction is observed.  However, anticoagulation is imperfect and they have an additive risk factor of a structural hole in the heart where a small venous clot can become a devastating stroke.


Anticoagulation can be due to noncompliance or due to very avid hypercoagulable states, a prothrombotic will insufficiently control that risk.  So, just for perspective, as I address the issue of clinical trial, device closure in a patient who has demonstrated their hypercoagulability by virtue of making a stroke will reduce one mechanism of stroke.


As has been acknowledged by this panel, intuitively, that is absolutely the case.  It is necessary in some patients, and we don't know in whom, and clinically we cannot tell, is it sufficient, I think, is the issue that has just been raised.


With regard to randomization, you have heard already the complexities of anatomical defects so one would, then, need to consider randomization not with three arms but risk stratification in each arm with those with a tunnel, those with a aneurysm, those with a simple defect perhaps based on number of bubbles they cross, the degree of shunt and, perhaps, even incorporation of desaturation as indication of degree of shunt.


Imagine the study size necessary to complete that study in a way that this panel would believe statistically makes a difference.  Further, which anticoagulation would you select?  Within the next two to three years, there will be another oral anticoagulant available.  Around the time of the procedure, there is bridging with heparin or without, with low-molecular-weight heparin or without, bridging to Coumadin or simply covering around the time of the procedure.


The point is we are at a point where clinically we are relying on the judgment of the physician caring for the patient as was done in the pivotal cohort to decide what is appropriate post-procedure anticoagulation based on a  individual highly heterogeneous patient population.


I, as a person who works in the area of clinical research in thrombosis, cannot conceive of a study design that would appropriately randomize amongst variables that would involve anything less than several hundred thousand patients in order to answer the anatomical issues and the anticoagulation issues.


What the pivotal study did was simply ask clinicians who know their patients to say, you know what; device closure is not sufficient.  I am going to maintain warfarin therapy, which was done in 20 percent of this cohort versus, I think, really, the issue was paradoxical embolus.  I can't find anything else including calling my friendly hematologist for an assessment of hypercoagulability and aspirin will suffice.


I would submit to you that the physicians in the study did a great job because in this thrombogenic group of folks, only one person had a thrombus out of 49.  I would have predicted it to be much higher based on what I believe to be true which is these people have sticky blood because they made a thrombus.


So I think it would be extraordinarily challenging to devise a study that would be powered sufficiently to answer the complex interactions that this cohort represents.


DR. MARLER:  So, I get back to my question.  What is this cohort?


DR. HASSELL:  This cohort is a heterogenous group that is characterized by basically three things.  One is the person who has a shunt.  I would agree, in terms of analysis, one would dispense with those is the way I think of it as a hematologist because they haven't demonstrated thrombosis yet.


The second are persons who had, by characterization on the slide you have seen, recurrent thrombotic events.  There were six of those.  The third are persons who have contraindications as perceived by their care providers to anticoagulation therapy which distinct from WARSS in which the inclusion criteria meant you need to be a Coumadin candidate.


As you see depicted on that slide--I apologize, I should find you the number--they talk about a person whose lifestyle precluded warfarin therapy, who was difficult to control warfarin therapy, who had other contraindications as perceived by the care provider and the patient to chronic anticoagulation.


DR. MARLER:  Do you think warfarin works better than aspirin in these patients


DR. HASSELL:  I believe, theoretically, as a hematologist, that if at issue today is venous thrombosis crossing a septum and causing stroke, that aspirin unequivocally is insufficient to control paradoxical venous embolization because it does not control venous disease.


I think, in terms of the WARSS data, as you allude to, or this group in particular, that issue is poorly characterized and unclear because they are lumping people together who clearly have venous thrombotic disorders that we can't yet identify, persons who have other vascular risks and persons who have arterial risks.


I think until we better define what the mechanism of stroke is, we are left with broad generalizations.  But, for persons who have paradoxical venous embolism, there is no doubt in my mind that warfarin is better.  The problem is we don't know who is paradoxically embolizing.


DR. TRACY:  Dr. Bailey, any additional questions?


DR. BAILEY:  I didn't understand exactly what the reason was why it would be so complicated and require so many patients to demonstrate reduction in embolic risk in a high-risk group.  Why does it require hundreds of thousands of patients?  Do they have high risk of embolus?  If they have a high risk of stroke, and if there is--if PFO is the primary cause and you recruit cryptogenic stroke patients with a PFO, it should abolish stroke.  So it should be very, very easy to see that in a randomized study


DR. HASSELL:  Yes, although, Dr. Bailey, I think what we are trying to do is we are trying to identify persons who are appropriate for closure; that is to say, there have clearly been defined, especially since the WARSS data, persons who are thought to be at higher risk for paradoxical embolism or even formation of clot within their PFO.


So those are persons with long tunnels, persons with redundant tissues and atrial septal aneurysms.  So I suppose one could conceive of, perhaps, two or three groups, then, a small shunt with few bubbles that cross, a shunt that is characterized by a large number of bubbles that cross and then one with complex anatomy, and then randomize each of those groups to chronic warfarin, perhaps to aspirin, as someone has just alluded to, perhaps, or to closure.


So you are looking, then, at six groups--or have I got my math wrong--nine groups; I apologize.


DR. MARLER:  So, if you don't know which of these groups the treatment is effective in now, I am confused how you can advocate its use.


DR. HASSELL:  If you are referring to closure, I have no doubt that there are persons who make venous thrombi that are clinically otherwise unimportant if their septum is closed; that is, they go into the lungs, they are screened out and lysed by the fibrolinic system in the lungs, that when they have a patent foramenal valley, especially with complex anatomy or shunt, become potentially devastating cerebrovascular events.


That is obviated by closure.  It cannot occur when closure is effective.


DR. MARLER:  But, by testing each of the selection criteria in a separate trial, isn't that expressing a lack of confidence that you know who to select that you think will benefit?


DR. HASSELL:  I am not proposing a trial.  I think the issue is if you want to answer the question of who is most likely--see, I think the potential warrants, in a low-risk procedure, obviation of a route of stroke.  But I was asked to address the issue of clinical trial.


To answer the question scientifically, one has to address each of the potential variables, as has been suggested by the panel.  I would not do such a trial.


DR. BAILEY:  And why not


DR. HASSELL:  I would not do such a trial because I do not believe that you can get sufficient numbers of patients to answer the question to the satisfaction of the issues raised.  You can't answer--


DR. BAILEY:  Aren't we anticipating a huge benefit in reduction of risk?


DR. HASSELL:  We anticipate a benefit in reduction of stroke because you eradicate one mechanism of stroke.  That, in mind, justifies the procedure.


DR. BAILEY:  But, if it is a huge benefit, then a small sample size is required


DR. HASSELL:  Even if it is a small benefit, and I don't know how to estimate that because I can't tell who is paradoxically embolizing.


DR. BAILEY:  If it is a small benefit, though, then you have to weigh it against the risk of the procedure


DR. HASSELL:  That is correct.


DR. JENKINS:  There is one other issue with the trial design, I guess, that I would just like to point out because I think it is pertinent to the way we presented the information.  I think the typical trial that is being contemplated takes patients who seem to have a high attributable risk of their stroke from their PFO and randomizes them to medical treatment or to device closure and follows them for 24 months and counts stroke rates over the 24-month period.


I am sure it is because of my pediatrician bias, and I will not apologize for that, thinking about this more in young patients rather than in old patients, the health status of those patients at the end of that 24-month observation period, in my mind, is really not the same.


One group of patients will have accomplished closure of their PFO and will be left with the rest of their medical-health state and the other group of patients will still have their PFO and still be on medical treatment.


One principle of randomized trials is that the outcome assessment at the end of the observation period has to be equivalent.  At least from a pediatrician's point of view, with 50 years or more ahead of these people, I do not see those health states as equivalent.


On the other hand, to deal with the issue of baseline risk, appropriately from a trial-design point of view and all the multiple confounding factors, randomization is clearly the correct trial design to balance the two groups out.  So I find the whole discussion very problematic from a separate point of view than what has just been told to you.


DR. BAILEY:  I'm sorry; but I didn't follow what your problem is with the health status, again, at the end of the--


DR. JENKINS:  Because I do not see, as a pediatric, in a young person, at the end of a 24-month observation period for a trial, if one group of patients still has a PFO and is still on medicine and has the additional ongoing risk for the rest of their life from that state to be equivalent to the closure arm.


So, to me, the only two--


DR. BAILEY:  But you are assuming that the risks are worse in that group


DR. JENKINS:  I am assuming that, at the beginning of this trial, someone thought you either needed Coumadin or aspirin or you needed to have your PFO closed; that's right, that you could create entry criteria such that you would get in.


DR. BAILEY:  If PFO is not the only reason for a cryptogenic stroke--let's say, 50 percent of the time it is the cause.


DR. JENKINS:  That's right.


DR. BAILEY:  Then what gives you the right to withhold anticoagulation after closing the PFO?  Why shouldn't those patients be on anticoagulation if they have had a stroke.  We don't know that fixing the hole, plugging the hole, will solve the problem.


DR. MARLER:  I thought we just heard that you were going to select patients that were at increased risk of thromboembolism.


DR. TRACY:  The unaddressed issue is the indication for anticoagulation following closure of the anatomic defect.  How was that determination made?  There were eleven patients that had some definite contraindication to anticoagulation.  That implies that 30-whatever did not.  Why determined discontinuance of antithrombotic or anticoagulant therapy of those patients.


DR. JENKINS:  It wasn't determined by the study.  It was done by the treating physicians.  I would imagine that the inputs to that discussion were eradication of the PFO, the potential for additional diagnoses that become more likely once the treating physicians knew that the PFO had now been closed, the occurrence of any of these transient neurological issues that raise red flags for clinicians who tend to behave conservatively, and whatever the other baseline health states were.  As an example, patients who had previously defined hypercoagulable states would not have had their treatment stopped.


DR. ZIVIN:  I believe that we have clinical equipoise in this situation and, therefore, if you have identified a group of patients who you believe that you can identify prospectively a set of criteria that would be usable for running a clinical trial, regardless of how small that treatment group is, and then show therapeutic efficacy, you could come back to this group and get approval for that device.


Under these circumstances, we have no prospective data and no indication for treatment of anyone.


DR. TRACY:  Dr. Bailey, were you completed with your questions?


DR. BAILEY:  Yes.


DR. TRACY:  Unless there is a comment on that last comment--


DR. FUTRELL:  There is no question that we have this group of patients that is failing medical therapy.  Those patients are going to surgery at this time.  The surgeons have a little advantage over device because they don't have to get their treatment approved.  Those patients are going to surgery.


I don't disagree with you at all that we don't have nearly the data we need for a generalized application.  We need to understand much more about paradoxical embolism.  We need to understand more about the anatomy of PFO.


What I am struggling with, as a clinician, is to find a way to close this hole in patients who are failing other treatments or who are at risk for those other treatments without sending them to open-heart surgery.  In the meantime, I suggest we start working on the trial that is going to take care of the standard patients but that we not deny the complicated patients a nonsurgical treatment in the meantime.


DR. KULIS:  Anne Kulis, again.  I would like Dr. Carole Thomas, if she could address this issue further.


DR. THOMAS:  I am Carole Thomas.  I direct the Stroke and Intensive Care Program at Hahnemann University Hospital.  I am a neurologist and I have no financial connection with NMT.  They have paid my travel and expenses for the day here.


As a treating stroke neurologist who happens to see a large percentage of actually young patients with stroke, who have had a stroke, who have been referred to me from various sources and have found to have a PFO and, many times, no other source because of their young age, between twenty and fifty years old, this is a tool that has the potential for being used in these patients who are poor candidates for anticoagulation because of lifestyle, child-bearing issues and also because, quite frankly, they are very resistant to being on anticoagulation or even, at times, antiplatelet medication.


This is a defined high-risk group that also would be resistant to having a surgical procedure, an open-heart procedure.  These are patients whom I define as being high risk for having a recurrent stroke and also high risk at having significant, both social and economic, consequences of a second stroke after either failure of medical therapy or lack of basically compliance with medical therapy.


These are not your typical patients that I would put into a randomized clinical trial between antiplatelet, antithrombotic versus procedure and often would not actually qualify for that level of clinical trial, either because of child bearing, because of compliance and what not.


I think that it is important to understand that we are not talking about this indication for every patient with a stroke and PFO.  We are talking about this indication to broaden it slightly so that we can have it at our disposal when we find an appropriate patient who we think would benefit from having this closed.


Also, there are many times when I have patients who, despite having their PFO closed, I will maintain them on either antiplatelet or antithrombotic therapy as their clinical situation dictates.  So, simply having a PFO closed does not mean that they cannot be on antithrombotic treatment afterwards or antiplatelet.  That is really individualized for each patient and individualized for what they need.


That is the other thing that is important about this is that these patients are so very diverse in what they actually need which is why our recommendation is also to have them evaluated in a stroke center with a treating stroke neurologist who is accustomed to doing extensive workups to be sure we have covered all the bases and why the stroke occurred and how to take care of the patients from then on.


DR. LAZAR:  If you could put them on some form of medical therapy after closure, why close them in the first place if it is not established that the closure, in fact, is related to the stroke in the first place?


DR. THOMAS:  Because my job, as a stroke neurologist, is to limit risk factors.  Actually, that is all we ever do.  I can treat a few of them with TPA but, for the most part, we are talking about secondary prevention of stroke and what is that all about?  Treating hypertension, treating diabetes, operating on carotids, giving Coumadin for atrial fibrillation and closing PFOs.


It is all part of the limitation of risk factors for second stroke and I hate strokes.


DR. MARLER:  Each of the risk factors and interventions that you mentioned have been well demonstrated to have serious risks and serious benefits.  It is very difficult, in the absence of good controlled clinical trials to determine when the benefits outweigh the risks.


In many trial, be it the EC/IC trial, the WARSS trial, itself, conventional clinical wisdom or what was obvious and apparent as a mechanism, when treated and followed carefully and looked at, was not shown to be effective.


So, PFO stands out in your list of treating risk factors for doing exactly what stroke doctors should be doing, every doctor should be doing, actually--stands out in that it isn't the one that is, as near as I can determine, that is really backed up with a serious estimate of the benefits as well as the risks in measuring the balance.


Would you agree with that?


DR. THOMAS:  I think that, basically, looking at evidence-based medicine, clearly, there is some lack of evidence but also realize that the patient population that we are currently talking about would not be entered into any clinical trial, just as the high-risk carotid patients were not entered into the NASCET trial.


A lot of the perfect patients who get into these clinical trials are not the patients that we see every day that we need to make a clinical decision on.  While there is, certainly, a need for more data, one of the ways to obtain that in the higher-risk patients is to be allowed to implant these devices and follow the patients.


DR. TRACY:  Let's move on to Dr. Laskey, if we could, please.


DR. LASKEY:  By the time we get to the middle of the table, it gets to be tough going so I will be brief.  This is not a trial.  This is a prospective longitudinal observational cohort study of a bunch of patients who had a device skillfully implanted and were followed.  But there are no, as we stated before, prospectively defined entry criteria, selection criteria, management criteria and so forth.  So that is disturbing because that is a new one for me as a panel member.


The second point is that this is very representative of what happens with selection bias.  This is a quaternary referral center.  Patients are referred in with the expectation of having a procedure.  They generally will have a procedure and they probably need that procedure.  But the difficulty we are having here, and the sands are shifting, are going from a patient population which, by IFO, is fairly benign to what I have heard for the last hour which is pretty sick.


What I would like to know is do you have any idea of the number of patients in the box at the top of the page that is not at the top of the page?   How many patients were screened or considered or rejected or not selected?  What is the generalizability of these findings?  Even though we are having a tough time accepting the validity of these findings, how generalizable are these patients and what is the fraction of the n in the top box, of the total number of patients you saw at this center that were sent for this procedure?


DR. JENKINS:  I am sure I am not going to have a perfect answer to your question, and I should just clarify, this is not actually a single-center dataset the way the one that you all saw last year that was similar was.  Most of the implanting centers have closed PFOs as part of this trial.


We don't really know how many patients were found to have a PFO that was thought to be an attributable risk factor for them and were never sent to an implanting center.  We do know that, of the patients who were sent and referred to implanting centers, that you were not eligible for our study if you were eligible for ongoing regulatory trials that we were running which were the PFO randomized trials that were ongoing at the time that this was as that was an explicit exclusion criteria from our trial.


We also know that the vast majority of patients that were turned down by peer review in this study were turned down for the PFO indication for not meeting the entry criteria.  We actually meant to quantify it for you expecting this question and I am afraid I didn't do that, so I will have to go by memory.


But, of the people who were formally presented as opposed to informally discussed, there are probably at least 25 percent of the patients were turned down by the peer-review team.  The peer-review team.  The peer-review team was actually a comparison to surgery, not a comparison to medicine, by design of our trial.


The peer-review team struggled a lot about which patients to pass and which patients to avoid.  They turned down a large number of patients for the PFO indication for not meeting the apparent high-risk criteria.


Generally, the patients who were included were patients who had had recurrent events and were an absolute contraindication to medical treatment as defined by the treating physicians who were sending the patients forward and as assessed by the peer review.


So I am not sure if that is helpful but, as far as the entire eligible population, and who actually made it into this 49-patient cohort, in terms of a numerator and denominator, I am not really sure, but there were multiple hurdles to overcome in order to get there and all of them really had to do with the fact that people believed that this PFO was a risk factor for the patients and that the alternatives were not acceptable.


DR. LASKEY:  I appreciate that, Kathy.  Thanks.  It just puts some boundaries on the magnitude of this problem, but it is also disturbing to see that the field, some portions of the field, have moved from risk factor to causation.  It is a risk factor.  As my statistician colleagues tell me all the time, and you always have to put into your manuscripts, it is "associated with."  It is not causal, and we are obviously grappling with that issue and there is no data to support causality here even though we all understand the thinking.


The event rates, I just wanted to see if you agree with the perspective that I put on them.  I did some very naive confidence intervals for the four on 49.  You had four events in the 49 patients in the pivotal cohort study with an event rate of 8.1 percent but confidence intervals that go from 3.3 to 19.2 percent.


Did you go so far as to put some precision on your point estimate?


DR. JENKINS:  Kim, do you want to address that?  I think that he is including the stroke plus the TIA rates.


DR. LASKEY:  The four on 49; right.


DR. JENKINS:  That would be stroke plus transient events.


DR. LASKEY:  Correct.


DR. JENKINS:  Kim?  Are you there?


DR. LASKEY:  She may not be.  But then I did the same with the follow up in the 87 patients after device implantation.  It wasn't clear whether these were one-year cumulative event rates or not but I got nine on 87.


DR. JENKINS:  Those are throughout the entire period of follow up.


DR. LASKEY:  So that's everybody.


DR. JENKINS:  Yes.


DR. LASKEY:  Okay.


DR. JENKINS:  We didn't define a time point.  We took all the data that we had.


DR. LASKEY:  Cumulative.  It is interesting, the upper limit there is 18.5 percent, the same as the--


DR. BAILEY:  But that was for a half a year median follow up.


DR. LASKEY:  Right.


DR. BAILEY:  So that is for a half year.


DR. LASKEY:  Correct.  Again, I am getting a picture that there is a sizable spread here with a low event rate, but the worst-case scenario is an 18, 19 percent event rate.  The data are not inconsistent with a 19 percent event rate in patients that had a device implanted.  Is that correct?


DR. JENKINS:  Kim, the questions are about the wide confidence limits around the stroke plus TIA rates.


DR. GAUVREAU:  Yes; I'm sorry.  I got disconnected.  It was the four out of the 49 patients.  So the confidence limits would be about 2 to 19 percent.


DR. LASKEY:  Okay.  That is distressing.


DR. BAILEY:  Again, 19 percent for half a year.


DR. LASKEY:  Right.  The risk, the high-risk, nature of the patient population in the pivotal study; high risk for what?  There is a lot of comorbidity here.  You have some fairly sick congenitals.  You have some fairly sick just medical comorbid conditions.  You have high risk for stroke and then high risk for other bad things, or what?


DR. JENKINS:  We generically call this study our high-risk study.  I think a lot of people in the PFO context have assumed that that meant high risk for recurrent stroke because, of course, that is usually where stroke studies go.


The actual term "high risk," because of the nature of our study, is high risk for surgery.


DR. LASKEY:  Okay; it is very misleading.  There are three kinds of risk terms being tossed around, at least three being tossed around here.  So it would help if they were more fine-tuned.


Then you have an intriguing group of patients with hemodynamic derangement.  What was that?  Was that just the elevated PVR group?


DR. JENKINS:  I'm sorry; say that again?


DR. LASKEY:  The inclusion criteria were the patient had one or more cardiac defects which are ascertained by the procedures outlined to result in sufficient hemodynamic derangement to warrant intervention.  That wasn't clear in the description of the patients.  What kind of hemodynamic derangements?


DR. JENKINS:  I think, in most of these cases, that was simply the presence of the PFO with right-to-left shunting with whatever the pathway that happened previously was that led people to think that that was an embolic risk factor, except for the cyanotic patients.  That is how the criteria were applied.


DR. LASKEY:  To a hemodynamicist, that is not a derangement.  They were not circulatorily fragile, in other words.


Two quick things.  Your patient brochure is, on the one hand, I think, way over the head of the average informed patient, probably parent as well.  So I think there is a lot of jargon, a lot of technical stuff in here, that really needs to be made a lot clearer, shall we say.


Then, of course, there is this whole leap of deductive logic here between risk and causation.  That is just throughout here.  I find it insidious.  I find it coercive.  I think that that should pick up on some of the flavor of today's discussion, at least the concerns that we are having up here.


Then, finally, our old friend the fracture rate.  I had the privilege of being a panel member during your prior presentation in a terribly, terribly sick group of patients that really needed compassionate care and warranted the risk of a number of device-related mishaps.


I am not sure that that is the case here.  I was struck by the fracture rate specifically for the PFO indication relative to an ASD indication and the fracture rate in the PFO cases consistently exceeded, almost by two, the fracture rate in the ASD group.  Why is that and what do you think that means for thirty, forty, fifty years of having this device implanted?


DR. JENKINS:  Before we talk about the clinical relevance, can I just ask Kim to address that issue because we have looked at it in enormous detail.


The question is about the apparently higher fracture rate in the PFO indication when we have looked at fractures in the overall cohort.  Could you comment about that?


DR. GAUVREAU:  Yes; I can.  What we have found is that fracture rate is highly associated with device size.  PFO patients tend to get larger devices.  When I control for device size--


DR. JENKINS:  Kim, we lost you.


I'm sorry; but I would really like to have her explain this to you because we have spent a lot of time looking at, from the time that was first identified.  Also, it looked slightly worse in the STARFlex than in the CardioSEAL so we paid a lot of attention to it.


DR. GAUVREAU:  As I was saying, the fracture rate on PFO patients is due to larger devices in those patients.  When we control for device size, that association goes away and PFO patients actually do not have a higher fracture rate than ASD or the other lesions.


DR. JENKINS:  You have done that by stratified analysis, but multivariate analysis, on CardioSEALs and in STARFlexes?


DR. LASKEY:  She has disappeared.


DR. JENKINS:  She has.


DR. LASKEY:  That is the concern.  I know when it goes into the black box of multivariate analysis, things can come and go.  But the point estimates look fairly striking.


DR. JENKINS:  They actually go away.  Actually, any time that people report fracture rates, it is very important not to look at overall rates because the device-size effect is so great.


In the STARFlex cohort, it is a little bit less because, as you see, there are only the three device sizes, the 23, the 28 and the 33, whereas, when you add in the 17s and the 40s by CardioSEAL, it is dramatic.


We are a little bit disappointed in that the fracture rates in STARFlex do not appear to be statistically lower than they were in the CardioSEAL device.


Switching now to the other aspect of your question which is the clinical significance of device-arm fractures, I think that, early on, there was a lot of concern that device-arm fractures would result in device destabilization or other problems.  The fracture rates were actually substantially higher in the Clamshell I cohort than in the late cohorts, and so there are quite a few patients that we are following with device-arm fractures.


The vast majority of fractures are completely clinically silent.  The fractures tend to occur as is in the submission at time points after the device has begun to endothelialize.  Having said that, there is a small number of patients who do suffer the consequences of device-arm fractures.


In the original clinical trials with Clamshell, there were seven patients in our cohort of 508 cases who had fracture-related events.  To date, in the entire follow up, and I can only speak to our experience in Boston but Anne can speak more broadly, for both the CardioSEAL series of cases and the STARFlex series, there is only one case that I am aware of, and it was on Boston, who had a fracture-related event.


It was, again, a friction lesion in the region of a protruding arm in a device that was detected because of symptomatology and was removed.  The events to seem to occur occasionally but are really quite rare.


Have there been other fracture-related clinical events from CardioSEAL or safety devices, other than the one that we reported to the FDA from our trial three or four months ago?


DR. KULIS:  I think, from a commercial standpoint, globally, both CardioSEAL and STARFlex have been on market, as said earlier, since 1997.  The product complaint rates are similar to what Dr. Jenkins said, that events associated, adverse events associated, with fractures are, indeed, quite rare.


DR. LASKEY:  Thank you.


DR. TRACY:  Dr. Lazar?


DR. LAZAR:  Just a quick follow up on the adverse events.  I always worry about underreporting adverse events.  So, for example, only MCA territory strokes were considered adverse events from a vascular point of view?  So, if a patient had a brain-stem stroke, how would you classify that?


DR. JENKINS:  No; that's not true.  They were just categorized that way.  All the events were ascertained and all the events were in front of you.


DR. LAZAR:  But they were not considered strokes.  On the slide, I thought I saw it said, MCA territory only.


DR. JENKINS:  That was only in the second line which was of the transient events, we tabulated classic TIAs, transient visual changes, and other.  We also provided you with a complete description of those events in the panel pack.


That might actually not be a bad place to perhaps the chair of the safety committee who has reviewed the thousand events for this trial to maybe comment on what the safety committee did.  Would that be helpful?


Could we invite Dr. Hougen, who is the chair of the safety committee, not just for the PFO cohort but for the trial overall to just maybe clarify for you what the safety committee did do.


DR. HOUGEN:  Good morning.  I am Tom Hougen, pediatric cardiologist at Georgetown.  I have no financial interest in the company, in this device, and I have not received any expenses for being here today, either.  But I am glad to be here today to answer the panel's questions.


The question is, please?


DR. JENKINS:  Tom, I think that people are used to trials where only certain events are ascertained.  We have told the group that we have made a very comprehensive ascertainment of adverse events similar to a drug study and that you have reviewed them and classified them in terms of seriousness and attributability.


Could you just say what the three of you have done?


DR. HOUGEN:  The other main member of the safety and data monitoring committee is Dr. Ron Lauer from the University of Iowa.  He and I have met consistently about every six months for about five years, now, I think, reviewing every adverse event that the study group has listed and they are extensive.  The current coordinator of this is Amy Britt and she is also here in the audience.


Dr. Lauer and I have been consistently impressed with the detail of all the adverse events and, in some occasions, have asked the study group to almost not list all of them.  They have been very detailed and particularly important in the pediatric group, in the younger patients, that have a number of problems that come up, returns to the emergency room for a variety of seemingly unrelated events that--the trial group has listed these very, very carefully.


As you can see from the high-risk nature of these patients, they have multiple medical problems.  Every event associated with their medical problems is listed and is reviewed by our committee.  We assign a seriousness.  We edit what the committee has given us, or at least the study group has given us, and we have agreed most of the time, but not always, on the seriousness of the events.


But Dr. Lauer and I have looked at these over the years and they are very extensive, from minor illnesses in a child to problems with diabetes control or other related problems in older patients.


Other questions, please?


DR. LAZAR:  Were there follow up or serial neurologic exams that were explicitly scheduled throughout the patient's participation?


DR. JENKINS:  No.  There were, as we have said, I believe--several times, we ascertained the information periodically but we did not specify specifically neurological testing or testing for any of the other indications except for what I had showed you earlier.


However, if neurological follow up was done by the patient's own doctor, a new diagnosis came to light, those would have been ascertained by our catchment.


DR. LAZAR:  So there wasn't central adjudication of neurological events.


DR. JENKINS:  This is not a neurological endpoint committee.  That's correct.


DR. LAZAR:  The reason why I asked the question is how you interpret endpoints or adverse events.  There is one case I read here in Clamshell, a cohort, where a patient was described to have had an event which was described as a TIA and was classified as a TIA by the committee, but then goes on to say that the patient had an infarct on the scan but then was considered still to have a TIA.  Was it a TIA or a stroke?


DR. JENKINS:  The Clamshell cohort wasn't really reviewed by this, as I had mentioned previously.  It is a very different quality of data than the CardioSEAL or STARFlex cohorts.  I would be interested in that event.  I would also be interested to know, since all these patients often had strokes as their indication, whether it was not considered to be a new stroke or what.


But, if we have misclassified it, then that is our error.


DR. TRACY:  Dr. Becker, please?


DR. BECKER:  I have a couple of questions and comments.  Firstly, it seems like the medical comparator group that everybody refers to as warfarin, is this device placement safer than warfarin.  I would submit to you there is no data to suggest that warfarin is any better than aspirin at this point, with one exception, and that exception would be in people who have defined hypercoagulable states.


In those patients, you could make the argument, why not just continue to anticoagulate them because they are going to be anticoagulated after device placement anyhow.  The one question I have for you is there any data from your group or anybody else who has got experience with the device on what the risk of device thrombosis is in people who have hypercoagulable states.


The second question I have has to relate to the fracture problem as well.  These devices, presumptively, are going to be placed in young patients.  These patients are going to have a very long time with the device in place.  It looks like the risk of fracture increases as time goes on and, in the pivotal cohort study, you have very few patient years of follow up.


In the pivotal-cohort study, you have very few patient years of follow up.  If you go back to the Clamshell study, as you mentioned, there were some problems with friction of the myocardium, or endocardium.  So that is a little bit concerning, and what do we tell patients about the longevity of this device.


Finally, there is at least one group that believes that some of the stroke risk associated with PFOs doesn't have to do with paradoxical embolus but with this concept of atrial vulnerability.  There seem to be a lot of atrial ectope in placing these devices.  I am wondering if someone from the study could comment on that and also comment on how many of these patients had prolonged Holter monitoring prior to device placement to rule out arrhythmia as a source of original embolism.


DR. JENKINS:  I think all three of these are very important issues.  The first one relates to the occurrence of thrombus on the device and, particularly, to the occurrence of thrombus in a hypercoagulable patient as, perhaps, a way that the device closure could actually make patients worse or put them at risk.


I am going to actually ask Dr. Hassell to comment from her point of view as well because I think she has spent a lot of time thinking about this.


Interestingly, in our cohorts of patients, the ones that I follow, we have really only very rarely seen thrombi associated with the devices.  The instances where they have occurred, at least in my clinical judgment, are often very confounded by arrhythmias that seem to be previously either know or, in some cases, unknown at the time that the thrombi have occurred.


Having said that, however, we estimate that, in our cohorts overall, some type of thrombus or friction lesion may have occurred in 2 percent of cases throughout the follow-up period.  I do not mean to imply that those are all symptomatic or cause a problem, but that they were, at some point, detected.


In the other trials that have been done with the device, sporadically, these types of thrombi appear to crop up occasionally in a little bit of an idiosyncratic fashion.  I have had a hard time making a firm opinion about it since I haven't seen it in my own trials, so I think having noted that, I would like to ask Dr. Hassell to talk about that.


DR. HASSELL:  Firstly, by way of data that are available, I call your attention to the amended piece that was sent to you after the initial application materials, on the last page.  I have had the privilege of reviewing the complaint logs for the company, NMT, that reflect thrombotic and other complications over 8,000 devices, approximately, that have been place.


In the second-to-last paragraph, on Page 6 of that amendment and what I can tell you I have seen from the data is that thrombosis has been seen in the CardioSEAL devices and also in STARFlex of 0.2, 0.1 and 0.7 percents in various years, 2001 and 2002, or in quarters in those years.


So it is striking to me that the thrombosis rate that is recognized principally because of clinical events, although, in some of these cases, because they have had surveillance echocardiography, is below 1.0 percent.  Now, this may reflect the fact that those cohorts are not as high risk a group as are characterized in this pivotal study and these are persons, as we have already discussed, that have either challenges with anticoagulation or actual failure of anticoagulation which may not be broadly reflected in those 8,000 patients and, thus, a higher risk percentage of 1 or 2 percent.


What we do not know is how many persons, even who have developed thrombosis, have hypercoagulable states.  When one looks at the literature, persons referred for closure, hypercoagulability is frankly poorly defined.  Testing is sporadic and often incomplete and there is an assumption which, with due respect to the concern about causality versus association, that often neurologists and cardiologists stop when they find an PFO and make an assumption about the mechanism of stroke in a young person.


So there are very few data that have  comprehensively addressed the issue of hypercoagulability in the patients in general, never mind in the persons, the rare and small number of persons that actually go on to thrombose.  In that dataset that are reflected in this paragraph, I have seen hypercoagulability testing done in a very small percentage of persons.


For example, in three people who were assessed for antiphospholipid antibodies, two of the three had them in this thrombosis database.  So there are all sorts of hints and nuances about the possibility of hypercoagulability in patients who actually thrombose the device, as rare as that event is, but there are really very few data about whether or not hypercoagulability exists.


Now, remember my premise, these people are all hypercoagulable at some level because they have made a pathogenic thrombus.  The problem is that represents a broad biological spectrum a large percentage of which we cannot identify with specific testing because we are only learning how to identify stick blood or those hypercoagulable states.


DR. CARABELLO:  In this study, we had one device explanted because it had thrombus on it.


DR. HASSELL:  Yes.


DR. CARABELLO:  One would have guessed that patient would have had the dickens studied out of him.  he has already had the device planted to begin with and now it is being explanted for yet more thrombus.  What do we know about that patient?


DR. JENKINS:  He also had thrombus in the rest of his atrium in the setting of recurrent atrial fibrillation.  I apologize.  I should know what was done at Columbia to look for hypercoagulable state but I actually think, in his particular instance, or her particular instance, the thinking at the time was that it was because of the arrhythmia.  So I don't actually know how that patient was studied.


DR. CARABELLO:  So the device was explanted because--if the clot was due to the arrhythmia, then why was the device--


DR. JENKINS:  That was the decision that was made by clinician.  They were very fearful of the thrombus on the device and the recurrent atrial fibrillation and the physicians, along with the patient, decided to go for explant.  At explanation, in that particular case, there were thrombi in parts of the atria remote from the device as well, as I recall.


DR. COMEROTA:  How was the PFO handled in that case?


DR. JENKINS:  It was post-surgery.


DR. BECKER:  Do you know how many of the patients actually did have Holter monitoring prior to PFO closure?


DR. JENKINS:  No.  I mean, again, we didn't specify that or look for it.  I think it is very interesting the amounts of arrhythmias in this older group--older from a pediatrician's point of view--group of patients that were found afterwards.


I certainly raises a flag to me about the prior screening in this particular regard.  There is also an issue about whether devices can cause arrhythmia or whether devices could cause sudden death.  We have also looked at that in our cohorts overall and do have some information about it.


Generally, the way the datasets are here fairly consistently is if new arrhythmias that had never been diagnosed occurred in the transient period after device placement, they are classified as due to the device which is why you see those device-related events cropping up.


One of our fellows had presented an abstract looking at the issue overall and had found that there are transient rhythm disturbances after placement, particularly in the VSE group.  I couldn't find any evidence at six months that they were ongoing problems.  We did actually do a paper a number of years ago looking to see if devices could cause sudden death and couldn't find any evidence that that was the case.


DR. BECKER:  Would it be fair to state that there was no neurologic standard for workup in making the diagnosis of cryptogenic stroke in these patients?


DR. JENKINS:  There was no specific criteria, I think would be a better way to put it, although, as I said before, in the judgment of the clinicians, the PFO attributable risk was considered to be sufficient to warrant closure.


DR. LAZAR:  Did all of the patients with prior stroke have a cryptogenic stroke coming into the study, that that was one of the reasons why they got in in the first place?


DR. JENKINS:  They had had a stroke.


DR. LAZAR:  No, but did they have a cryptogenic stroke?


DR. JENKINS:  Again, formal criteria were not applied so I think it would depend in your definition.


DR. PINA:  Can I follow up with our hematologist guest here?  I know that hypercoagulable states are being recognized more and more now and we are talking more about it.  But I don't think that everybody has, necessarily--that these people have sticky blood.  There are risk factors among these 49 that don't necessarily have to have sticky blood but have--for example, if they a tumor, if they have cardiomyopathy where anyone, even without sticky blood, would have a risk for stroke, or atrial fibrillation which has been clearly documented.


The reason I am asking this is we look for hypercoagulable states all the time in these patients and find them in really a minority group.  In this 49-patient cohort, there is only one patient that is listed as having a hypercoagulable state.


In your experience, how many patients with true hypercoagulable states fail Coumadin that is adequately given and adequately monitored


DR. HASSELL:  To answer the question specifically firstly.  Antiphospholipid-antibody patients have a 1 to 2 percent chance per year of recurrent event despite therapeutic warfarin with an INR of 2 to 3.  It is ill defined for persons with a higher INR.


Warfarin failure in virtually any other setting is uncommon when a therapeutic INR is maintained.  But, in my Coumadin clinic of 300 persons on any given day, 20 percent are subtherapeutic.  So it is not an issue of can warfarin work but can we make warfarin work in patients.


So even though the hypercoagulable state, per se, is responsive to warfarin, it is a challenge to maintain adequate anticoagulation.  For a perspective at our center, we have been referred more than 50 patients for potential closure for PFO.  When I screen for hypercoagulability, 55 percent have antiphospholipid antibody syndrome.


I would submit there are genetic polymorphisms out there that every person, for example--and I recognize this represent's what I call Hassell's dogma--but an evolving concept in the world of hematology is that every person with A-fib who has a stroke has some polymorphism or change in their blood such that the majority of persons with A-fib don't stroke at the time they develop the atrial fibrillation, but a small, clinically important, percentage do.


So I would just mention it again as my background bias as I answer your questions is that every person who clots has sticky blood to some degree that is different from the general population, whether it is definable or even needs to be defined, and should be sought out, I think, as a different and the appropriate question.


DR. TRACY:  Dr. Becker, any additional questions?


DR. JENKINS:  Dr. Becker, your fracture question wasn't answered.  Did you want that answered?  The question about device-arm fractures.  You asked about the ongoing occurrence of fractures and the longevity of the device.


First of all, actually, the ongoing fracture detection rate in the short cohorts of patients, you do continue to see ascertainment of fractures at the time points of assessment.  But, actually, in the Clamshell cohort, where we have much longer longitudinal data, after the two-year initial period, ongoing detections of fractures is actually exceedingly rare.  One of the whole points of that cohort was to make that determination.


There is also additional engineering information about the longevity of the device that we could share with you with the engineer, if you would like that.


DR. BECKER:  I guess I am not so much worried about the longevity of the device but its effects on the endocardium over the long term.


DR. JENKINS:  As I said previously, even in the fractures that have occurred, with the rare exceptions we have already talked about, the late clinical events occurring from that appear to be quite rare.


DR. FUTRELL:  Dr. Becker, one other thing, when you asked about the atrial fibrillation, there is some information being gathered from centers who are operating under the HDE approval.  It is interesting that, even when Holter monitors are done in advance and we are showing that patients are not in atrial fibrillation, there is transient atrial fibrillation turning up in 2 to 4 percent of patients after CardioSEAL placement.  But it has never been permanent and it has never been associated with a clinical event as far as an ischemic stroke.


DR. KULIS:  Anne Kulis, again.  I would just like to follow up a little bit on the question about device thrombosis, or thrombus on the device.  I would like to ask one of our invited experts interventional cardiologists that have experience implanting under the HDE approval to perhaps address the issue of thrombus on the device, the infrequency of it, and possible examples of treatment.


So I would ask Dr. Reisman, Block, Landzberg or Palacios if they would please come up to the table.


DR. REISMAN:  Good morning.  Mark Reisman from Seattle, Washington.  I have no vested interest or conflicts.  NMT is supporting my travel and expenses here.


I am operating under the present HDE.  Under that HDE specifically related to thrombosis, we have had one patient, actually, who has developed a thrombus on the right side of the device.


We followed that patient.  We anticoagulated that patient subsequently and we followed her carefully and did serial TEEs at three months and six months.  At three months, it was already gone.  There was thickening of the device but we didn't have any demonstration of a thrombus and, by six months, on repeat, it was no longer seen as one.


DR. MARLER:  So, in the patients that you treat under the HDE, how many of them do you remain on or started on antiplatelet or warfarin therapy after the implantation of the device, and for how long?


DR. REISMAN:  Again, we operate very carefully under the strict guidance of the FDA for the HDE.  All our patients are seen by a neurologist, are seen by an interventional cardiologist and, as well, are seen by a pediatric cardiologist.  All the echos are reviewed.


Pre-procedure, we perform a transcranial Doppler on all the patients.  We perform TEE on all the patients and then we discuss the options with the patient and we make them understand, if we are using the HDE, why they would be considered "failures to medical therapy."


Subsequent to the placement of the device, we do one-month, three-month and six-month transcranial Doppler with associated TTE and, at one year, we follow up with a transesophageal echo.  In some case, we do an intermittent transesophageal echo as well.  Again, under the HDE, although it is not asked for specifically, we feel that, because of the data that is available, our careful assessment is important.


All of our patients, post-procedure, are continued on aspirin and it is up to the physician who is involved in the case--that is usually another interventional cardiologist and a pediatric cardiologist--as to whether to continue Plavix as well.


None of the patients are treated with Coumadin post-procedure unless there is a specific indication for that.  The reason that most of them are being treated under the HDE as a failure to medical therapy is that most of them, after being discussed the options of anticoagulation and surgery, feel that neither option is something that is suitable for them, either from a lifestyle standpoint or from a compliance standpoint.


Thus, we explain very carefully and document that we would perform PFO closure with a percutaneous device.


DR. AZIZ:  Is there any peculiarity of the right atrium?  Was it very big?  Did the patient have a cardiomyopathy?


DR. REISMAN:  No.  It was a young woman and, interestingly enough, she is a tri-athlete.  It was interesting in so much that I wondered whether or not she was dehydrated.  Her baseline heart rate is in the 40s.  Again, to overuse the sticky-blood theory, but just stasis and dehydration, was that potentially a predisposition for this problem.


I am not sure.  But, fortunately, the problem did resolve.  We had a cardiothoracic surgeon review it as well and, by virtue of the size, the fact that it was on the right side, and the left side was devoid of any thrombus, we felt that it was okay to proceed with Coumadin and aspirin therapy.


After we realized that it was no longer there, we continue her still on aspirin and Plavix at this point.  As I mentioned, she is a little over six months out.


DR. TRACY:  I think it is very close to 12:00.  We will break at this point for one hour.  Please be back just promptly at 1:00.


[Whereupon, at 12:00 p.m., the proceedings were recessed to be resumed at 1:00 p.m.]

A F T E R N O O N   P R O C E E D I N G S

[1:05 p.m.]


DR. TRACY:  We will go ahead and reconvene at this point.  I would just like to ask the panel members--a lot of discussion has already taken place, so try not to duplicate other people's questions if that is possible.  I will defer any questions I have at this time and move on to Dr. Pentecost.


DR. PENTECOST:  Thanks very much.  I just have a couple of observations.  First of all, I was confused and a little mystified why twelve patients didn't have contrast echocardiography.  It strikes me, having looked at these studies, that this is a very elegant imaging study and I can't imagine, really, a cohort of patients that would be better served by it.


It seems unusual to me to let this be an elective part of the evaluation of the patients.  As an elective part of it, a quarter of patients didn't have the benefit of that.


My second concern is that over 25 percent, 27 percent, of patients were over 50 years of age when they entered this study.  I would just actually ask this question as educational.  Can we expect it to be commonplace for patients to have no manifestations of a PFO at all and to suddenly have a stroke over the age of 50 years old, for this to be a cryptogenic stroke, for them to have been found to have a PFO and for people to want to close this up.


It strikes me, pathophysiologically, as unusual for a patient to become symptomatic at that age.  If we open it up to this group of patients, I am afraid that a lot of people would get this device that may not need it.


Thirdly is that about 60 percent of the patients are on anticoagulation six months after the device was inserted.  This seems to have been at the behest of the individual physicians caring for them.  Does the sponsor expect, when this breaks into the community, that most physicians will have so little confidence in this that they will still want to anticoagulate the patients?


My final question is the stability of the engineering of this device in that it has gone through three transformations.  What theoretical, mechanical, or animal or human data led to the STARFlex being created instead of the CardioSEAL and are we on the verge of another such engineering change by the company?  In other words, is this a stable engineering product?  It doesn't seem to be.  It seems to be in flux.


Thank you.


DR. KULIS:  As far as the questions on the older stroke patient who suddenly becomes symptomatic for cerebrovascular disease, is found to have a PFO, certainly, as we have watched the evolution of this process, we have seen that, in the older patient, more tendency is found to find alternate risk factors, to find multiple modifiable risk factors.


In general, because of that, the tendency to close these lesions has been much less than in the young person with recurrent events, particularly that is found to have a PFO and absolutely nothing else.  Clearly, the patients with other modifiable stroke risks and with older age where the cumulative lifetime risk of anticoagulant goes down, these patients should be treated with conventional therapies.


As far as the patients who are still on anticoagulant, there are multiple reasons that that has tended to happen.  As I have watched the evolution of the way clinicians are treating this who are working under the HDE, initially, in the Salt Lake Cardiology Center, everyone was on anticoagulant for a while.  Now, everyone is on Plavix and aspirin and there is no anticoagulation unless there has been some other reason such as a DVT or some other factor to think a person needs anticoagulation for a period of time.


So I think the evolution is already there to take patients off anticoagulant when the device is put in.


DR. PENTECOST:  What about the engineering stability?


DR. KULIS:  Anne Kulis, again.  What I would like to do is have Carol Ryan, who is the V.P. of R&D go through the evolution of the device and the different device iterations.


DR. JENKINS:  Carol, since you didn't hear the question, the concern was is it a stable product, are there changes that are imminent.  Why has it had three generations over such a short period of time?  Did I paraphrase it correctly?


MS. RYAN:  The product has had three generations over approximately eleven years.  The changes made to the original generation were to reduce the fatigue fractures and to change the alloy to one with better in corrosion resistance and was MRI-compatible, because the original Clamshell was made from stainless steel.


The changes with the STARFlex were really to address residual leaks, not to address integrity.  The wire, itself, has gone through three generations of improvement and, based upon bench testing and statistical analyses, the third generation of wire appears to have a statistical significant higher level of fatigue resistance than previous generations of wire and we continue this process evolution.


Regarding fatigue fractures, it is the nature of fatigue that if a device is going to fracture, it tends to happen early on in the device's lifetime.  Typically, if a device has made it to approximately 100 million cycles, it  is being utilized at a stress below what is called its endurance limit.


You can typically expect an infinite life.  There is a certain amount of scatter that is inherent in fatigue data so that doesn't go for 100 percent of the product, but, in all of our significant amounts of testing fatigue on the wire, itself, on the devices--we tested devices to 630 million cycles--compared to the original Clamshell device.


We did curves where we developed comparison curves between the original device and the CardioSEAL which showed a statistically significantly higher level of fatigue resistance for the CardioSEAL, very significant.


We also did computer finite-element analysis models in what are called Goodman diagrams to understand the safe utilization zone of the device and at what levels of stress potentially the device would fracture.


We have also looked at what occurs when a device does fracture relative to the risk of an arm rubbing on the opposing wall of the heart.  In all of our analyses, the current device is far superior to the previous device including the risk of an arm pointing away from the device and potentially rubbing against the opposing wall, in part due to the fact that devices are now sized differently than they were ten years ago.


The imaging methods are much more sophisticated and we are much more knowledgeable about to size them as well as the current device is designed with more spring coils in the arm so it is under a lower level of stress, so it is less likely during a fracture to actually point away from the device.  They tend to lay very flat when they fracture with the current model.


We continue to make improvements as technology evolves relative to the raw-material processing.  As changes are made, we evaluate them and we will implement them into our specification.  Currently, we have utilized multiple lots of what we consider our third generation of material, and we have seen progressive improvements in the bench-testing results of each lot of wire based upon certain changes in the manufacturing process.


We have yet to correlate those with improvements in clinical data possibly due to the sample sizes, but we will continue to monitor that over time.


Does that answer your question?


DR. PENTECOST:  Yes.  Thank you.


DR. TRACY:  Anything else, Dr. Pentecost?


DR. PENTECOST:  No.


DR. TRACY:  Dr. White?


DR. WHITE:  Thank you.  As a user of this device, actually, and I appreciate the ability to use this device--it actually works very well--I would like to understand better what the utility of the device has been under the HDE.  Can you tell me what the annualized implant rate has been under the HDE that was approved in February of 2000?


DR. KULIS:  Anne Kulis, again.  We have approximately--there are greater than 150 centers in the U.S. that have IRB approval for restricted HDE use.  As part of the HDE requirements, we are required to report, on an annual basis, to the FDA the number of units that are utilized each year.


I don't have the exact numbers in front of me but I think, on average, it is approximately--I think the most recent numbers are around 1500 patients.


DR. WHITE:  Is there a ceiling associated with the HDE?


DR. KULIS:  4,000 units per year.


DR. WHITE:  So this device is available for reasonable clinical use in centers that have been--according to the HDE guidelines, this device is available?


DR. KULIS:  According to the HDE guidelines, yes.  Let me clarify.  The CardioSEAL device, which is the previous generation device, is available under the HDE.  The STARFlex is not available under the HDE.  But each of the sites must go through the requirements of obtaining IRB approval initially and then maintaining IRB approval on an annual basis.


Part of our process, as the manufacturer, is to ensure that sites have IRB approval before shipping the devices.


DR. WHITE:  Have you sought HDE approval for the STARFlex?


DR. KULIS:  No; not at this time.


DR. ZUCKERMAN:  Dr. White, it is important to point out, though, that the STARFlex device, like its predecessor, the sponsor could apply for HDE approval.


DR. WHITE:  But that would be a separate issue than this today.


DR. ZUCKERMAN:  Than the PMA discussion that we are having today; that's correct--in that there is a different standard of evidence required for an HDE and the FDA is sensitive to that different standard.


DR. KULIS:  If I could just clarify for a minute, Dr. White, I just wanted to bring up that the indication approved under the HDE is different and more restrictive than the broader indication being proposed today.


DR. WHITE:  Could you summarize what the HDE indication is for me?


DR. KULIS:  Basically, a patient has suffered a recurrent event and has failed medical therapy.


DR. WHITE:  So there is a requirement in the HDE to have failed either an antiplatelet or an anticoagulation therapy to qualify for the HDE?


DR. JENKINS:  It is actually a recurrent stroke, not a recurrent event.  That was because the language needed to be very explicit and data needed to be supported to support the limited 4,000 unit numerical requirement for the HDE.


DR. WHITE:  Okay.


DR. BECKER:  Could I just clarify?  Someone has needed to have two events in order to get the CardioSEAL device under the HDE; is that right?


DR. KULIS:  Yes.


DR. BECKER:  The index event and then another event.


DR. KULIS:  Yes; that's correct.


DR. JENKINS:  On medical treatment; a stroke, a second stroke.


DR. WHITE:  Is there any alternative under the HDE other than the failure of the medical therapy?  Is there another clause?


DR. KULIS:  No.


DR. WHITE:  That's it.


DR. KULIS:  Can you repeat that?


DR. WHITE:  I am just trying to make sure that I understand--


DR. TRACY:  Can I just interrupt for a second.  I think we are here to review this application.


DR. WHITE:  I'm sorry.


DR. TRACY:  I would like to move on.


DR. WHITE:  The only reason that I bring it up is that one of the points I think that was being made this morning was that the reason is to get this device more available, and I wanted to get an idea of how available the HDE currently--how well it was suiting the clinical need that was there.  That was the only purpose there.


The primary efficacy endpoint here was closure of the PFO with the device.  But, as I think Dr. Pentecost pointed out, the colorflow is probably not an adequate way to confirm closure of a PFO.  You don't disagree with that, do you?  Do you think a colorflow Doppler is an adequate way to confirm either patency or not patency of a PFO?


DR. JENKINS:  I think that the absence of a complete set of contrast injections in the cohort is a weakness in terms of assurance of absolute closure.  I think there is a discussion to be had about the sizes of residual leaks that put patients at risk and I think that may be where there may be some differences in the treating-physician opinions in comparison to the use of contrast injections in all cases.


DR. WHITE:  I have a question for Dr. Landzberg.  We found that, in fact, not the only ones, that doing transseptal punctures for PFOs is actually a bit easier to align the CardioSEAL device.  Do you guys feel like putting that into your Instructions for Use for the STARFlex as well, or do you think that the flexibility of the STARFlex makes that caulking angle that sometimes happens with the long tunnel not necessary?


DR. LANDZBERG:  To address this specific point with regard to the technical aspect involved with doing transseptal punctures, to date, in hundreds of such procedures with the STARFlex device, we have not had a single instance where we have been required to use a transseptal puncture.  So I think there is an inherent difference with the STARFlex device.


DR. WHITE:  Okay.  Can I also ask, during any of the explantations of these devices, has anyone confirmed the endothelialization of the device?  The issue is that animals often will have robust endothelialization but humans don't.  So I am just wondering how endothelial coverage happens with the device when it is explanted.  Have you seen that?


DR. JENKINS:  Yes; we actually have a paper in the literature.  Most of the devices were from the original Clamshell series.  Actually, they had been collected by Carol Ryan, the engineer on the product, as a series of explants.


It is not, in any way, a controlled study or anything like that, but we found that, in general, the devices endothelialized in clinical practice in a similar fashion to what had been seen in the animal studies where often, at very early time points, we saw complete endothelialization of the device seemed to begin from the periphery and spread inward.


Often, you could just see the little metal arms poking through.  There were devices that were not laying flat on the septum that did not completely endothelialize.  Another part of that analysis was just looking at foreign-body reaction, and we found some variable foreign-body reaction.


But we thought, in general, that looking at the Clamshell devices that we had available supported relatively rapid early endothelialization of this device as long as it was seated properly on the septum.


DR. WHITE:  The single implant with the thrombus that we talked about this morning, was that endothelialized as well?  Was clot forming on the endothelium?


DR. JENKINS:  That is a good question and I actually don't know.  We didn't receive a full version of that explant.


DR. WHITE:  That's all I have.


DR. TRACY:  Thank you.


Dr. Pina?


DR. PINA:  In your presentation on Table A11, I am looking at the study timing for the follow up for your pivotal trial, your 49-patient trial.  Since we are asking questions about thrombus formation and the device, you have eight patients where you only have one month of follow up and you have sixteen patients where you have six months of follow up, and two, follow up is only at discharge.


So the rest, you have at least twelve months which is a little less than a half.  What are you doing about continuing to follow up on these patients, especially the ones that you only have six-month data.  Let me put one more thing in.  It sounds, from my reading of the literature, that if a thrombus is going to form, and I do believe what your hematologist said about the patients with hypercoagulable states, are they more likely to have thrombus formation as time goes on with the device?


I don't know that we know that.  That may be a risk of a future event.  So what are you doing about following up with these?


DR. JENKINS:  The actual study is a 24-month study so the patients are continuing on the study and have continued to be followed.  We actually had been restricted from presenting to you additional information on STARFlex patients who had been implanted since the time of the submission or extended follow up on the cohort because the FDA had wanted to stay with the data in the original submission.


But we have not continued to identify thrombi in additional patients in the pivotal cohort.


DR. PINA:  What was the original date of your submission?


DR. JENKINS:  The original date?


DR. PINA:  Yes; the date of your submission.


DR. JENKINS:  It was 9-1-2000 because we had intended it to include at least a six-month follow up time point.


DR. PINA:  You have a whole series of patients before that that you only have six months or that you have, let's see, one at discharge and four at six months.  So you do have some patients before that date that you don't have follow up for.


Are you continuing to try to find these patients?


DR. JENKINS:  Yes; and we have more information about them.  We just weren't able to present it to you.


DR. PINA:  What I am saying is that these that I am telling you about are before your submission date so that you should have been able to present the follow-up data.


DR. JENKINS:  That's correct.  We only presented to you what we had in the database as of 9-1-2000, so there may have been patients who should have had a six-month endpoint but hadn't achieved it yet.


DR. PINA:  Is it appropriate for us to ask if there are any deaths or any other complications that we need to know?


DR. TRACY:  That is a point for the FDA to answer that question.


DR. ZUCKERMAN:  You can ask the question.  The company can respond with the proviso that the FDA hasn't review these data in detail.


DR. TRACY:  Please.


DR. JENKINS:  In the pivotal cohort, there are no other important events that we hadn't told you about.  There was an additional series of 28 STARFlexes that had been implanted.  There was one stroke in follow up in those additional patients.


And then I had mentioned previously that what we considered to be an important event was the single patient who had the fracture-related friction lesion.  That was also discovered after the endpoint of this submission.  As far as deaths and explants; no.


DR. PINA:  I have no further questions.


DR. TRACY:  Thank you.


Dr. Comerota?


DR. COMEROTA:  I will be brief.  Dr. Futrell, you raised the importance, or the potential importance, of the morphology of the PFO and also raised the potential issue of a clot being sequestered in a PFO tunnel.  How would an embolic event be prevented during insertion of the device for this problem?


DR. FUTRELL:  That has been, in the past, one of the considerations, at least in our center, that Dr. Sorenson, our interventional cardiologist, has, in fact, used the transseptal approach.


It has been interesting, as we have watched the evolution of this concept and heard presentations in meetings.  I have heard the talks go from PFO as a cause of paradoxical embolus to people actually saying, oh, PFO doesn't cause paradoxical embolus at all; this is all a tunnel-produced phenomenon and this is why it is resistant to anticoagulation.


Obviously, we can't tell in a given patients.  We know there is a right-to-left shunt and we know that that gives right to the theoretical potential for paradoxical embolism.


What we do know is there have not been strokes at the time of placement suggesting a thrombus has not been dislodged at that time.  So these are, again, all theoretical considerations, an explanation we have tried to find as to why these patients recur on medical therapy and then these recurrent strokes stop after closure.


DR. COMEROTA:  So the transseptal approach is the answer to the question.


DR. FUTRELL:  Transseptal approach; yes.  But, also, the phenomenon that it is interesting that we haven't been dislodging clots even with standard placement.


DR. COMEROTA:  One month after implantation, less than 40 percent of your patients were anticoagulated and, at six months, less than 20 percent were anticoagulated by your reports to us.  If, indeed, the PFO device was responsible for stroke prevention, shouldn't these patients be having pulmonary emboli?  I would ask you how many patients, indeed, had pulmonary embolus in this cohort?


DR. FUTRELL:  Again, I wasn't involved in the trial, per se, but in reading the results, I didn't see any pulmonary emboli?


DR. COMEROTA:  Dr. Jenkins?


DR. JENKINS:  Pulmonary emboli were not observed.


DR. FUTRELL:  What we know about microemboli, and we know it from various other models including the cholesterol-embolus problem and fat-embolus problem.  We know there can be huge showers of microemboli.  It can produce a huge burden, total embolus burden, on the body.


What we know is we don't see liver failure when we have those, even though the liver is being embolized.  We don't see renal failure and we generally don't see large pulmonary emboli.  The pulmonary embolus problem comes when a major pulmonary-artery branch is blocked.


So we don't see those phenomena because--probably, it is because there is enough redundant function in each one of those organs that, if you produce embolic infarction of the kidney or of the liver, of the lung, multiple small areas don't produce symptoms.


You take the same size embolus and put it in the internal capsule and you have a hemiplegia.  That is probably the difference.  So the smaller emboli, it is most important to keep them from going to the brain since that is the area that has unique and concentrated function that can't be replace by another part of the brain.


DR. COMEROTA:  Thank you.


Dr. Jenkins, your first patient was entered in November of 1999 and then 49 patients were entered during the eleven-month period thereafter.  How were these patients treated before November of 1999?


DR. JENKINS:  They are in the CardioSEAL cohort.  They received the CardioSEAL device.  But, once the STARFlex device was available, they were--both devices are available in the trial, but the interventionalists tend to choose the STARFlex.


DR. COMEROTA:  Okay.  Thank you.  I have no further questions.


DR. TRACY:  Dr. Aziz?


DR. AZIZ:  I just had a few questions.  I will try not to repeat them.  In patients who had the device removed surgically, obviously there were a few patients.  Was a patch needed to--once you took the device out, did the surgeon have to put as patch, like doing an ASD repair?


DR. JENKINS:  Ask a surgeon, but, I think, in general, they are often able to be closed with sutures.


DR. AZIZ:  Okay.  I will leave that one.  Who determined that the patient was a high-risk patients for surgery?  Was it the committee who met and you discussed it with the surgeons?  How did you come to that conclusion?


DR. JENKINS:  The way that that peer review worked was that, after the patient had been referred, a team was put together of a senior level cardiologist and cardiac surgeon.  We did have adult surgeon and adults cardiologists who agreed to do this for our study.  For the younger kids, our pediatric groups were used.  That was done at each site where the study was done.


The two individuals needed to agree by consensus that the patient met criteria for the study and sign to that effect prior to implant.  If they had issues, which, in this cohort, they often did, they were advised to discuss with each other and come to a consensus opinion.


If they decided no, the patient was out.  If they decided yes, they were in.  If they disagreed with each other, we would put together a new team who would do the same thing.  So it was designed so that no one individual could restrict a patient but two people had to in order to restrict a patient.


DR. AZIZ:  I think a lot of patients did have a number of risk factors or I would say would have been higher-risk patients.  But there were a couple in whom you had to go back and remove the device and they did well surgically.  So I think there probably is a bit of a moving target.


DR. JENKINS:  It was also intentionally not an absolute high risk for surgery but a relative high risk for surgery compared to the device procedure.  I think that what actually happened across the study is, as the climate become more comfortable with devices, that balance changed.  That had been our intent in that the whole spirit was judgment based.


DR. AZIZ:  If you had a patient who had had a PFO and also was in a-fib, would you still use this device?


DR. JENKINS:  I would rather ask one of the adult cardiologists.  Mike, do you want to speak to that?


DR. TRACY:  You can use the microphone at the podium.


DR. LANDZBERG:  Those patients that were referred, and I don't think we had a single patient that was in chronic atrial fibrillation or recognized paroxysmal atrial fibrillation who we implanted a device on.  It was one of the exclusion criteria as an alternative potential source of thrombus.


DR. AZIZ:  That patient would probably have to be on long-term anticoagulants anyway.


I had a question for Dr. Hassell.  I just wanted to know what were the common sort of hematological abnormalities that--you said that a number of the patients, at least the ones that were referred to you as a tertiary physician, and I know of your interest in the area, you said that a high proportion of your patients had sticky blood.  Could you just outline who they were?


DR. HASSELL:  Certainly.  When we, under HDE approval, began to place the devices, I was approached by our cardiology team to assess for hypercoagulable states as a potential contraindication.  In the process of screening, we looked for arterial hypercoagulable states that would necessitate continued anticoagulation since, perhaps, then, a device would not be warranted.


Thus we screened for things that cause arterial thrombosis.  The most common finding, as I alluded to in the subset of 44 patients that we looked at, were half the patients had evidence of antiphospholipid antibody.  We found no one, although we looked for evidence of dysfibrinogenemia.  We looked at lipoprotein a.  We could not look for protein seroprotein-s deficiency, for example, because most of them were on warfarin therapy at the time.


Only recently have we begun to expand the venous risk factors for this group of folks who have referred for closure in part because it would direct, in our judgment, post-implantation, the need for ongoing anticoagulation until the device had endothelialized.


Thus far, which speaks to the question raised earlier, why don't these people have PE, many of these people have few, if any, classic venous hypercoagulable states.  In this case, I think the sticky blood, as Dr. Futrell alluded to, is microembolization.  What would otherwise be a harmless embolization would pass into the lung and be absorbed crosses and causes a devastating stroke in the different circulation.


So the most common thing we are finding are arterial risk factors for thrombus and, most commonly, antiphospholipid antibodies.  But it is a tertiary-care referral system.


DR. AZIZ:  Do you see a lot of lupus antibodies?


DR. HASSELL:  The pattern for those who have interest or knowledge is a lupus anticoagulant plus a beta-2 glycoprotein-1 IgM antibody quite specifically and repetitively.


DR. AZIZ:  I know this has nothing to do with this patient cohort, but patients who get recurrent pulmonary emboli, you know, when they are sort of screened, a lot of them have lupus anticoagulant but whether that is sort of related to that event, I am not sure.


Thank you.  I think that is all for me.


DR. TRACY:  Do any of the other panel members have any follow-up questions on anything that was previously raised?  No?  If not, then we will end the open committee discussion and ask the sponsor to step back and we will move on to the FDA questions.


DR. KULIS:  Could I clarify one more point, please, before we move on?  I just wanted to bring something up, when we first sat down earlier.  I think what I wanted to talk about was, based on some of the comments this morning, it is clear that we, perhaps, didn't do a very good job of specifically clarifying or correctly wording the Indications for Use.


If I could put it more clearly, basically, the high-risk study that was conducted and is still ongoing at Dr. Jenkins' institution is specific for compassionate-use patients in which the alternatives are contraindicated or unacceptable.  That is basically what we were trying to capture in that proposed Indications for Use wording.


But it is clear there has been quite a struggle and discussion about that this morning, that maybe we didn't make it clear up front.


DR. TRACY:  Thank you.


DR. KULIS:  There is just one other thing--I'm sorry--that I wanted to--there was also discussion about appropriate trials for PFO patients.  It was mentioned, in some of the speakers' talks this morning, that NMT is committed to doing additional trials for a broader-based PFO indication and, in fact, does have a trial design in front of an IDE at the agency at this point in time.


Thank you.


DR. TRACY:  Thank you.  Can I ask the sponsor to step back and we will move on to the questions posed by the FDA.


As we all know, we are here to discuss the application for the CardioSEAL with an indication that stated, "Patients at risk for a recurrent cryptogenic stroke or transient ischemic attack due to presumed paradoxical embolism through a patent foramenal valley and who are poor candidates for surgery or conventional drug therapy."


We have heard support with some retrospective subset analysis and a pivotal cohort of 49 patients with PFOs.


First, we will deal with the efficacy questions.  The FDA has pointed out that there were no prespecified outcome measures provided for assessment of effectiveness or clinical benefit.  One of the concerns the FDA raised is that, of the 49 enrolled patients, no echo information was available in five patients.  Part of the evaluation of neurological events was proposed as a secondary outcome and there were no strokes reported but four of 49 patients had transient ischemic attacks.


So we will put the questions up when they are ready.


DR. ZUCKERMAN:  Dr. Tracy, could we just have clarification, in Question 1, perhaps of Part c.  In 1a, the sponsor chose a surrogate variable, closing the hole instead of a primary efficacy outcome of reduction in strokes that was clear.  That clearly, perhaps, could be demonstrated.


Are there any surrogate variables that the panel might suggest instead of reduction in stroke?


DR. TRACY:  I have the feeling that reduction in stroke is really critical.  I would be interested--Dr. Marler, do you have a comment there?


DR. MARLER:  I think that the Homus(?) study and the Mas study both bring into question the link in the mechanism between the PFO existence and the occurrence of subsequent strokes, so that I think the usual argument for a surrogate outcome in this case breaks down when those studies are considered.  So I think there is enough question there about the link between the occurrence of closure of the PFO or other potential nonclinical outcomes that it would be important that a surrogate would probably be very difficult to find or to justify here.


DR. TRACY:  The other comment is that I don't think it is fair to any sponsor to have to prove mechanism, but there does need to be comparison.  I think that is what is lacking.  I think stroke is the critical thing that we are trying to reduce.


I don't think that this cohort was a hemodynamic question.  I don't think that was the issue here, so I think, no, there isn't another appropriate subgroup.


Any other comments on those?


DR. COMEROTA:  Would it be appropriate, though, to include other events as primary efficacy outcomes, a group of events or the absence of a group of adverse events such as arrhythmias, such as other embolic events besides stroke, procedurally related adverse events versus adverse events occurring in those patients without the procedure.


DR. TRACY:  Those are good points.  I think that,  obviously, to look for any--and I do believe they did look for or at least have some screening assessment, whether there were other clinically relevant embolic events.  That is obviously something that should be sought.


The arrhythmia is a little bit more difficult question because I am not sure how well the screening pre-procedure was carried out to determine whether arrhythmia was part of the pathogenesis.  Also, there was a mixture of people where there may have been hemodynamic reasons for development of atrial fibrillation that would not, obviously, be relieved after years of ongoing hemodynamic challenge.  So it may be part of the nature of the disease process that these people would develop atrial arrhythmias post-operatively and not necessarily a reflection of a device complication.


So I am not sure that sure that--I think it needs to be noted but I don't think it needs to be considered an endpoint.


DR. COMEROTA:  One of the obvious problems is that the efficacy endpoints are retrospective and identifying an efficacy endpoint which is retrospective and not having evaluated for it, because these patients were not evaluated for neurologic deficit.  If it was reported, that's fine.  But we know that in procedures that carry a risk of neurologic events, that, when they are searched for, you are going to find many more than when they are reported by the primary operator.


DR. TRACY:  So whatever post-procedural screening is done needs to be of the same rigorous nature as the pre-procedural screening for events and clear identification of definite, or as definite as possible, evidence for embolization; is that fair?  Okay.


We will move on to safety questions.  No. 2; no prespecified outcome measures were provided for assessment of safety.  The primary safety outcome was assessed by evaluating the number of patients who experienced serious, or moderately serious, device implantation or catheterization adverse events.


27 percent experienced a serious or moderately serious adverse event.  These events were further categorized as related to device, seven of those, or related to the implantation catheterization procedure, six of the complications. There were no patient deaths or strokes during follow up.


Question 2a: Please discuss the use of serious and moderately serious adverse events that were definitely, probably or possibly related to the device implantation or catheterization procedure as the primary safety outcome measure for assessment of the clinical benefit versus risk.


I think that this is a little bit tied in with the discussion about part a; safety, I think, has to be assessed procedurally and I think that those categorizations are appropriate for procedural safety outcomes and I do believe that the data safety monitoring committee did a good job at looking at those events.


However, I think that the committee has expressed concern that the true safety of the device may not be totally evaluated by the procedural outcome.


Comments?


We will move to 2b, then: Please discuss whether the echocardiographic evaluation and clinical evaluation, including the definitions for occurrence of neurologic events, allow adequate assessment of device-related clinical events.


I think you just heard from the panel that the answer to that is no, that more detailed pre-procedural and post-procedural evaluation would have been required.  Is that clear enough.  Okay.


DR. CARABELLO:  Also, we had seven patients included for just the closure of the shunt for oxygenation purposes.  I think if we are going to continue to have that as a subset of this group of patients, stroke isn't involved here.  Rather, hemodynamics are.  I think a much more complete analysis of what this does to their hemodynamics is important.


DR. TRACY:  That is a good point.  So hemodynamic assessment, particularly depending on what the initial indication for implantation, a hemodynamic assessment would be critical.


2c: Please discuss whether adequate information has been provided to allow assessment of the risk of recurrent cryptogenic stroke versus the risk of device-related neurologic events.


I am not sure how to tease those two things apart.  Somebody help me.


DR. BAILEY:  You need more time and you need more events, neither of which are available.


DR. TRACY:  Okay.  Fair enough.  Other comments?


DR. COMEROTA:  This sort of involves the issue of design of a trial.  Isn't there precedent for trials that have multiple confounding variables in which you are looking at a specific treatment or a procedure-related outcome, especially, as has been addressed by the representatives or their experts, that treatment tomorrow may be different than treatment today?


I think precedents have been set for trials like that.  If you offer best medical care plus best medical care in addition to your device, then you will begin to get the answer as to the impact of your device on outcome.


So I think that folds into that question.


DR. TRACY:  That is a good point.  So it makes it very difficult to follow the post-procedural neurologic events since treatment, best medical therapy, varied throughout the patient population.  So it is not really comparable.


Dr. Vetrovec?


DR. VETROVEC:  One thing that still bothers me is there kind of isn't a matching of the events for a patient that got him into the trial to whether or not--if they had an event after the device was implanted.  It still bothers me that four events were called nonsignificant, essentially, when we don't know that they weren't the same events that were called significant to get them into the trial.


So I think there needs to be a matching of these events particularly when you have so many small events.


DR. TRACY:  That's a good point.


Question 2d: Please discuss whether adequate information has been provided to characterize the appropriate post-device placement antiplatelet regimen duration and single versus combination therapy or anticoagulation regimen duration and target INR.


I think you have heard pretty clearly that no, that wasn't adequately covered.


DR. PINA:  However, I think that they may have enough data as they continue to collect follow up on these patients that they may be able to figure out what works and what doesn't work and recommend a reasonable plan of either antiplatelet or warfarin follow up.


Someone made the good point that there are other agents that will be coming into the market that may be quite valuable and they may want to consider that as they accumulate more follow up.


DR. TRACY:  I think that is important and that is a difficult piece moving forward since there are other therapies coming out.  I think it is just important that some standard be set to attempt to adhere to, and that was not the case here in this protocol.


We will move on to Question 3: Please comment on the lack of a prespecified control group, prespecified outcome measures and prespecified sample size.


I think it makes it extremely difficult to analyze this device in terms of its comparison to what; to the general population, to people with PFOs, to people who have had surgery.  It just is very difficult to know what exactly it is that you are comparing with.


I note that it took a long period of time to accrue this number of patients so I don't think we are ever going to have the hundreds of thousands of patients available to get all of the answers that are needed, but I think, with a small group and a well-designed study, you probably could come up with some more definitive answers than I think we have right now.


Dr. Marler?


DR. MARLER:  The lack of a clear inclusion/exclusion criteria that relate to the indication that is being asked for I think was also part of the problem.  I don't know if that is part of the answer to the question, but the other questions implied in Question 3 would be much easier to answer if the study population were more clearly defined and that were more closely related to the indication requested.


DR. TRACY:  Yes.  That needs to be stated somewhere that the trial suffers, or the study suffers, from not having clear entry criteria.


No. 4: if you believe that the data presented today are inadequate to support safety and effectiveness, please address the following questions.


4a: Please clarify if additional analysis of the current dataset could be performed to provide adequate information to support safety and effectiveness.


I think not.  It is my impression that we will need some additional patients with more clearly defined entry criteria and more clearly defined and probably completely different primary safety-and-effectiveness outcomes.  I don't think that additional analysis of the current data, unless there is information--at least, what we have been presented at panel today, I don't think we can come to the answers that we need.


Question 4b: Please clarify if the collection of additional data using the current patient selection criteria and outcome measures would be appropriate to support safety and effectiveness.  I think, again, similar answer; no, because we are having concerns about what the selection criteria really are and questioning whether the primary outcome endpoints are the correct ones.


Question 4c: this is a big one.  Alternatively, if you believe that a new trial is required, please address the following clinical-trial-design questions, sub i.  Given our current understanding of the causal relationship of the presence of PFO and stroke, presumed paradoxical embolism, please discuss whether a randomized trial is necessary to evaluate safety and effectiveness.  If so, can a randomized trial be completed at this time and, part ii, what is the appropriate control group?


Let me take a stab at this.  I think that the current understanding of the causal relationship with the presence of PFO in stroke is not very well understood, that there is some question about cause and effect here which I do not think a sponsor or corporation needs to answer that.  I think what they do need to do is to show tangible comparability of their device with something else and some defined benefit, or benefit to their device, and lack of major adverse outcome related to the use of the device.


So, while I think it is not--there have been ethical questions raised whether it is appropriate to randomize people to no device or surgical therapy versus best medical therapy, obviously, you can't do that if you truly believe that people have failed best medical therapy.


I am not sure that that is really the concern here.  I think the concern is more the definition of how you got into the study and what the endpoints were, so I don't necessarily think that you need to--I don't think that you  absolutely necessarily need to go back to a comparative study with a control group.


But, there are historic controls that I think would be, perhaps, more appropriate than what was presented here.  I would be curious to see if the other panel members agree with that.


DR. ZIVIN:  I would think that most of us believe that aspirin or warfarin is appropriate therapy for this group of patients and so that the only fair comparison would be that and having a PFO closure device added on, randomized with and without.


DR. TRACY:  So best medical therapy versus best medical therapy plus device.  That is well said.


DR. AZIZ:  The other thing; I don't know, but, for example, each patient could be his own control if there was a way of documenting, for example, by TCD or so that you were getting hits or blips, whatever therapy you were on before.  Whatever reason you intervene, you put the device in and then follow that patient for a period of maybe six months or two or three years.


One, obviously, could be that your TIAs and stroke decrease.  The other thing, if there was some measurable quantity like hits on TCD--I am not saying that it is--that that changes, so you have something to measure the patients, intervention in the patient against his own standard.


DR. TRACY:  Okay.


DR. BAILEY:  It seems to me that a randomized trial here would actually address the causality question once and for all.


DR. TRACY:  Between a randomized trial of best medical therapy versus best medical therapy plus device?


DR. BAILEY:  Yes; if you showed an improvement in stroke risk with the hole plugged, it is hard to think of any other explanation.


DR. MARLER:  I am always doubtful that there isn't, after a trial is done, a way to think past almost any mechanism.  So I would continue to focus on the efficacy and, if the clinicians think that they can select a group that is at a high risk of stroke and the PFO is as effective as you would think it would be if the proposed mechanism is true, then it seems that a randomized trial is conceivable and could be practical, depending on the sample size and how that works out.


I agree that I think it could be done ethically.


DR. WHITE:  But could it be done ethically in patients who have not had an event, patients who are discovered to have an asymptomatic PFO, or would you require that the patient have an index symptom for stroke?


DR. MARLER:  I think that gets back to your initial selection criteria.  We are hearing two things.  We are hearing that the clinicians think that they can select a high-risk group but it is not really clear to me what that high-risk group is and that that is really who they want to use this procedure in rather than a broader group of patients who have just had a stroke and happen to have a PFO.


I don't know if I am answering your question.


DR. WHITE:  Do you see any role for randomization in an asymptomatic PFO?  Is there any role for a device closure to prevent stroke in an asymptomatic PFO?


DR. MARLER:  No; I don't, not at this time.  I would think you would want to go first with the symptomatic.  The asymptomatic, the risk is much lower and most preventive therapies have to have a very low risk if they are going to be effective over a decade or more.


So I would say, if I understand your question, at least as a first step, I wouldn't take asymptomatic patients because the event rate would be so low.


DR. AZIZ:  And over 25 percent of patients have PFO.


DR. CARABELLO:  Right.  We have millions of people.  We have 20 percent of the people in this room with PFOs.  We are not going to--I am not volunteering.  The event rate would be so tiny in that group of patients, it would take a huge sample size to prove benefit.


DR. LAZAR:  For this group, it is high risk, and high risk is defined by the current or previous strokes.


DR. WHITE:  But, yet, in this population of patients that were asymptomatic, I think asymptomatic patients, or people without strokes, were in the cohort, the primary cohort.


DR. MARLER:  That's correct.  Do you mean with the shunt?


DR. WHITE:  Is that not true, they all had a stroke?


DR. LAZAR:  Every patient but one, I think, had a stroke.


DR. WHITE:  All of the 49 patients had a stroke?  Is that right?


DR. MARLER:  No; seven did not.


DR. JENKINS:  I think 42 of the 49 had had prior events.  They were not all strokes.


DR. WHITE:  So they could have been a TIA or--


DR. JENKINS:  That's correct.


DR. LASKEY:  But, again, let's remember the terminology here.  What I heard in answer to my question was this was high-risk for surgical correction, not high risk for recurrence of a CNS event.  That is a different issue.  Along the lines of that issue, this is a relatively infrequent, unpredictable event.


How you would time model that and how you would predict the length of time required for time to a first event, I don't know.  I would be interested to hear from some of the biostat people how you would go about planning on looking for the likelihood of a recurrent event given what we know about recurrent events, that they are rare and can occur out to a lengthy time interval.  You would be looking for years.


DR. TRACY:  Dr. Zuckerman?


DR. ZUCKERMAN:  I guess the problem that the agency and sponsor have is we have heard the benefits of a randomized trial.  But, in this patient population presented today, the event rate was still relatively low.  So the calculation of a sample size in this type of population is going to be rather large.


Is there any panel opinion on how we can better pick this high-risk patient population in order to more clearly show a demonstrated benefit with a reasonable sample size?  Who are these patients who we could best demonstrate effectiveness?


DR. TRACY:  I think that likely there were the right people included here.  The problem is that it wasn't the--that term "high risk" has been used in a variety of manners here.  It is high risk for surgery.


I think that the occurrence of the cryptogenic stroke or multiple neurologic or embolic events is an appropriate entry criterion to this study and I think that if you set the study up correctly, had randomized between best medical therapy versus best medical therapy plus device with a standardized follow-up anticoagulation or antithrombotic regimen, that it would not take--I am am not a statistician, but I don't think that it would take an enormous number of people to achieve an appropriate endpoint.


So I can't tell you what that number would be, but maybe Dr. Bailey can, or somebody else.


DR. BAILEY:  Obviously, it depends on the proportion of these cryptogenic strokes that are due to the PFO.


DR. MARLER:  The data from the WARSS study indicate that these events are not rare, at least maybe 13 percent is considered rare, but in the stroke world, that is not that rare.  Those trials that test aspirin that involve a thousand or more patients are looking for a very small treatment effective.  In this case, you have it already established that, I think compared to aspirin, the device intervention, itself, has a little bit--a considerable risk, or it is certainly inconvenient.


What you are looking for is a very much larger treatment effect.  So, what you are looking at is, in unselected patients with PFO who have previously had a stroke of the so-called cryptogenic variety, 13 percent of them, in two years, should have a stroke.


If you include the PFO and you are predicting a very large treatment effect, I don't think the trial comes out in the thousands of patients or certainly not in the hundreds of thousands that I have been hearing about.


DR. ZUCKERMAN:  Right.  The problem, though, is with the WARSS data that you are quoting, I believe the median age is much older than the patients in this cohort today.  It is those types of suggestions--


DR. MARLER:  But, again, the argument I heard from Dr. Futrell others was that these younger patients are at even higher risk.


DR. ZUCKERMAN:  But we didn't see that in the data presented.  We saw relatively low event rates.


DR. TRACY:  So I think a redesigned trial identifying patients that are at high risk and then comparing them to the endpoint of the study.  Part of it in terms of the safety is just a comparison with best medical therapy and that does include the procedural events.


I think with screening for appropriate high-risk patients, again, and perhaps that does mean extending it into an older population, I just don't see this taking hundreds of thousands of people.


Dr. Pina?


DR. PINA:  I would like to add to that screening this hypercoagulable state which I agree with the hematologists is very much underestimated.  If we are talking about a younger population, it certainly, I think, would pay to screen those patients for hypercoagulable states, at least--where is the hematologist back here?  There are, from what I understand, about five blood tests that are the most common of the clotting disorders in these young people that can certainly be used as an additional screening for high-risk individuals in that younger group, aside from the older group that may have a lot of other risk factors like coronary disease or like atrial fibrillation.


DR. VETROVEC:  It seems to me that Dr. Zuckerman's question was maybe different than what we have been trying to answer.  Did you not ask how would you pick a high-risk population that is likely to have an event if you don't do something?  Isn't that what you are looking for?  Did I understand you correctly?


DR. ZUCKERMAN:  No.  We are talking about the issue of trial design.  The panel has suggested that the most appropriate way would be to perform a randomized trial.  The sponsor has previously indicated, for a variety of reasons, that the sample size might be very large.


But one of the ways to get a reasonable sample size in a randomized trial and show proof of principle is to  select the appropriate population with a high event rate such that if the device is effective, it will be clearly seen.  We are trying to better discern who those inclusion/exclusion criteria could be such that we could get to the bottom of it.


DR. VETROVEC:  It seems to me there are some populations that you could look at including the ones with atrial septal aneurysms.  That would clearly increase your risk rate.  You could take people that had an anticoagulation problem that you couldn't do.  You could select out.  I think if you stayed under age 55, which has been shown in some of the previous studies to identify the people that are more likely to have strokes related to this problem, then you would be identifying a population that is likely to show you a difference.


DR. TRACY:  So I think we are getting to an answer.  I will let the other members comment briefly, but the answer probably is that there is a way to identify a higher-risk group with, perhaps, a more specific anatomic definition of what the defect looks like, perhaps screening for hypercoagulable states, perhaps moving to a slightly older yet not elderly population for inclusion into the study.


Just a couple other brief comments here?


DR. BECKER:  I was just going to echo, if you really want to show proof of principle, take somebody who is a high risk for DBT with a hypercoagulable state.  Those patients should then be at greater risk of paradoxical emboli.


In addition, you could take somebody who has already had at least two events which would, theoretically, make them at high risk for a third event.


DR. TRACY:  Dr. Zivin?


DR. ZIVIN:  The paper by Mas that you presented to us really provides all of the information that I believe that you are asking for because it is dealing with patients who are between 18 and 55.  They followed them for a four-year period.  They found that patients with both the aneurysm and the PFO had a recurrent stroke-risk rate of 15 percent over that four-year period which is approximately four times higher than the risk rate of people who had PFO alone.


When you get up to those types of numbers in a patient group of that age, I think you have a reasonable group which you could use as a basis for the type of study that you are proposing to do.


DR. WHITE:  Could that data be used as an objective performance criteria so that, instead of a randomized trial, that you could enroll a group of patients comparable to Mas, treat them and look at the outcome and, if you beat them by a certain number, would this panel accept that kind of evidence?


DR. ZIVIN:  I am always dubious of doing those types of studies.  I suppose you could get away with that but, the truth of the matter is, these patients are not that rare.  So it would be possible to find a reasonable group and all you would do is cut the cost of your trial in half if you did it the way you suggested.


DR. BECKER:  I think it is important to point out in the Mas study they also screened for hypercoagulable states so there are probably a set of patients who are even higher risk if they had a hypercoagulable state on top of that.


DR. LAZAR:  When you say recurrent events, you mean they have had previous cryptogenic stroke?


DR. CARABELLO:  But, just to reiterate Dr. Aziz' approach, another way around this in terms of handling the sample size is to increase the sensitivity for event rates by using a variety of imaging techniques so that, rather than demanding that, to qualify that the guy can't move his right side, I think that I would--if you showed me a difference in, let's say, the new CT defects or some such surrogate, that that would be pretty good evidence that the thing was working.


DR. TRACY:  We will move on to the next question which I think we have, in part, anticipated: Please discuss whether adequate trials can be designed with historic controls or objective performance criteria.


I think that there needs to be some control within the study of treatment versus something else because historic controls are never going to be quite appropriate to whatever patient population is being studied.  I think you have to be comparing apples to apples.  I think this can be done appropriately without enlarging the patient population necessary to such an enormous extent.


So I don't think we can rely on other types of controls.


Based on the type of study design proposed, please address the following issues.  Please characterize the appropriate patient population for study enrollment.  I think we have had a good deal of discussion on that and I think we have some references that point in the direction of what might define a high-risk patient population.


Please discuss the appropriate primary and secondary outcomes measure for evaluation of effectiveness and safety.  As part of this discussion, please comment on the use of clinical versus surrogate endpoints.


I think we have pretty extensively discussed this already, that the primary and second endpoint outcome measures need to be different from what has been defined here.  Looking for embolic events in more sensitive manner would probably be an appropriate outcome.


Clinical versus surrogate endpoints.  I think we need the clinical events.  I don't know how to suggest an appropriate surrogate.


DR. ZUCKERMAN:  Is there agreement from the neurologists on the panel about Dr. Carabello's last point that the CT scan could be used as a surrogate for neurological events?


DR. BECKER:  I would increase sensitivity and use an MRI instead as a surrogate.  So, if you see new infarcts, then that is a surrogate.


DR. LAZAR:  There are, at present, no surrogate endpoints for stroke.  Period.


DR. MARLER:  I think you would be getting into a lot of difficulty there because of the short-lived nature of many of the lesions.  Most patients who have had stroke have a normal CT scan--many of them have a normal CT scan at three months.  So it becomes a question of timing.


You would also need pre-scans because, even in a normal population, 20 percent of asymptomatic people with high risk factors will have a stroke even though they have no recollection of the event.  So I would be very cautious about building in imaging surrogates.


It has been attempted multiple times in stroke.  For a small device trial, I think it would be an immense undertaking.


DR. BAILEY:  Could I make a quick comment, too, on the search for a high-risk population.  I like the idea of some of the things, like the hypercoagulable state and the DBTs.  But when you get to the anatomy, if you are going to require the aneurysm, if the purpose is to generalize it to people with just a garden-variety PFO, I am nervous about that.


DR. TRACY:  Okay.  Fair enough.  I think there is  other, perhaps, anatomic variance that might be considered to be of higher risk rather than just aneurysm.


Dr. Zuckerman, do you have a comment?


DR. ZUCKERMAN:  Yes.  I don't think the purpose would be to generalize it to the whole PFO universe.  Unless  the sponsor wants that indication, that would be a different type of trial.


DR. ZIVIN:  Right.  I am assuming that the recommendation to make the inclusion criteria relate to any future indication would be--


DR. ZUCKERMAN:  That is the usual way that we try to write the indicated label; correct.


DR. LASKEY:  Am I missing something?  Is there some body of data where we can look at the high-risk features or which features confer high risk in patients with PFO?  Is there some multivariate analysis that we haven't discussed today?


DR. ZIVIN:  The Mas paper.


DR. LASKEY:  I am looking at the Mas paper.  There are six events in the septal aneurysm PFO group.  I am not sure I want to rely on six events and say that we now have a characterization of the risk profile of patients with PFO.


DR. ZIVIN:  I would agree that a larger study would be valuable.  I certainly would go along with that.


DR. TRACY:  I think that point was that there probably is a higher risk group than was included here.


DR. LASKEY:  Which we have not defined.


DR. TRACY:  Not entirely.


DR. LASKEY:  Nobody has.


DR. TRACY:  Nobody has.  That is part of the problem.


We will move on to: Please discuss the appropriate duration of patient follow up.  I think that that is extraordinarily difficult to answer a question like that since events are likely to happen particularly related to device malfunction in multiple years out.  I don't think it would be appropriate to require that primary follow up that long, but, certainly, that is the type of issue that can be monitored in a postmarket survival study and that is the type of issue that could be looked for.


So I think a duration of two years is probably appropriate.


DR. PINA:  However, I do think they have a lot of information even though the older two studies are with a different device.  I think that, with the great detail that they have gone through to look for adverse events, they will know if events happen early, which may be a reduction in events because of the device, or do events happen later because there is thrombus formation in the device and because of the device.


So I think that they can take their body of data and look and see where the duration of follow up would be reasonable.


DR. TRACY:  Yes; I think that is true.  If I am recalling the one graph, there was the late dip that was related to a device, a late device problem.  That, I think, is postmarket surveillance, not acute endpoints.


DR. ZUCKERMAN:  Okay.  But, in this study discussed today, the primary efficacy endpoint was measured at six months.  Is there any comment on that being too short a time period?


DR. TRACY:  I would suspect that that probably is too short a time.  If you change your outcome definition to stroke, then six months probably is too short.


Please comment on what would be a clinically relevant sample size.  I think the only thing I can say in terms of what would be an appropriate sample size would be to set the study up so that you have a comparison within it, you will require less than you would otherwise.  But I am not sure--I don't know what the event rate is, so maybe somebody who has a better sense of that--


DR. BAILEY:  The two issues are the event rate and the percent reduction.  I think, the event rate, you can try to get up high.  The percent reduction becomes a question of what justifies the use of the procedure.  How small a difference is it important to detect?


DR. ZIVIN:  Another way of thinking of that is what we have presented to us is a Phase I trial.  What is needed is a Phase II.  That hasn't been done yet.


DR. BAILEY:  Is 30 percent the minimum?  Or is it 20, or 10?  If this procedure changes your risk by 1 percent, would that be enough?


DR. ZIVIN:  But we don't know the variability rate, so, until we get there, you are just picking numbers out of the air.  We need some data.  We don't have enough.


DR. TRACY:  Yes; we don't have enough even on what the event rate is in the control--


DR. MARLER:  I would say, for a preventive therapy like this that is going to extend over decades, particularly in younger patients, that the benefit you have to expect has to be in proportion to the risk.  To a certain extent, that has been defined, which leads me to believe that you are going to be looking for not a relatively high reduction in the event rate to justify the difference.


There is a lot of difference between doing this and taking aspirin in terms of perceived risk, at least to the patient.


DR. TRACY:  I think, in part, that leads into the next question: Please discuss the criteria for a successful trial.  I think that means a trial in which it is demonstrated that the intervention results in decreased events compared to best medical therapy as balanced against the acute procedural complications of the intervention.


So I think that you can define endpoints that would be reachable with those criteria.


Any comments?


No. 6: Please comment on whether adjunctive antithrombotic medication regimens should be left to the operator or prospectively outlined in the protocol.


I think it is very clear that that needs to be outlined prospectively in the protocol.  Otherwise, it makes it impossible to compare things.


Training program: A summary of the physician training program has been provided in Section 5 of the panel package.  Please discuss any improvements that could be made to the training program.


Maybe one of the primary reviewers.  Dr. Vetrovec?


DR. VETROVEC:  I reviewed the training packet.  My observations were that it was not very specific, particularly for the least experienced operators.  I would have felt much more comfortable with some established proctoring system and some established number of observed cases or participate in.  There are a variety of ways they could do it and I haven't personally done this, so I don't have a feel for what the minimum would be.


But I would think that, just because an operator has put stents in a coronary artery, this wouldn't qualify them for an experienced company representative showing them in the coffee room how to do this and they go do one.


So I think it needs to be defined.  I think people who have experience with it need to help define what that would be, but there has to be some specific observational and probably preceptor training for the least experienced operators.


DR. PINA:  Dr. Tracy, if, indeed, they go on and do a controlled trial of some sort, particularly with randomization, that can certainly be included in the protocol as investigators are brought in.  As other trials have done who are doing things like even exercise testing, there is a whole procedure on teaching the investigators how to do it.  So I think that the cohort of people that will learn how to do this will grow the more centers they include.


DR. TRACY:  Is that adequate?  Okay.  We will move on to product labeling.  One aspect of the premarket evaluation of a new product is the review of labeling.  The labeling must indicate which patients are appropriate for treatment, identify potential adverse events with the use of the device and explain how the product should be used to maximize the benefits and minimize adverse events.  Please address the following questions as regards the product labeling presented in Section 2.


Please comment on the Indications for Use section as to whether it identifies the appropriate patient population for treatment with this device.


I think I am taking a stab here, but I think as it is stated, it is fair to say that the ultimate goal would be to have a device that would reduce the risk of recurrent cryptogenic stroke or transient ischemic attacks due to presumed pyridoxic embolism through PFO.


I had a problem with the word "and," whether it should be "and/or," based on the initial entry criteria for the study, who are poor candidates for surgery or conventional drug therapy.  But I think what we are looking at is a treatment that would be appropriate for that type of patient, at high risk for recurrent embolization.


I think, having had an initial event is going to have to be critical to what the indication is.  Does that seem to be the consensus, that we need to redefine the indication?  Okay.


Part b: Please comment on the Contraindications section as to whether there are conditions under which the device should not be used because of risk because the risk of use clearly outweighs any possible benefit.


I think that the Contraindications that are stated are based on appropriate criteria.  If there is a thrombus or active endocarditis, that is obviously going to be a contraindication.  Vascular problems is obviously a contraindication.  Patient size that wouldn't permit deployment of the device would be an appropriate contraindication.


Patients who are unable to take aspirin, Coumadin or other anticoagulants, that will get in the way of designing a trial of you are going to compare with best medical therapy, so I am not sure what to do with that particular contraindication.  But that may, ultimately, be appropriate and, obviously, a patient with endocardiac mass or vegetation would be an appropriate contraindication.


I can't think of other contraindications unless Dr. Aziz--


DR. AZIZ:  If you had an IVC, let's say umbrella or filter, would that be a contraindication?  I don't know.


DR. WHITE:  It depends on the filter a little bit but, for the Greenfield filter, for example, access from below is usually not a problem.  Dr. Landzberg is telling us that he has done them also from the jugular access so I think that would be reasonable.


DR. AZIZ:  Somebody with a tricuspid valve, for a study valve, you could still do it, couldn't you?


DR. MARLER:  I guess I wanted to say that I think that the question of what is the least burdensome way to demonstrate the potential effectiveness of this is kind of an unstated question here in all of the discussion about the trial.  But I just wanted to say I, personally, am not just as a knee-jerk reflex, saying you need to do a clinical trial.


I think there is a real concern here based on the evidence from the WARSS trial and the Mas study that an intervention that has a definite risk associated with its insertion could, in the long run, actually not benefit the patient and could even be harmful.


So I think that the clinical trial in this case might be the best way to answer that and I doubt there is a very good way to address that without doing some form of randomized and comparison.  So I don't want to committee to assume that, because I deal with clinical trials all the time, I am suggesting it.  It would be good to find an alternative way to get an answer in this and, in many situations, you probably don't need a clinical trial.


But, in this particular case, I think there are enough doubts that that higher standard to establish some benefit to balance the risk is probably necessary.


DR. TRACY:  I think we had addressed the contraindications as best we can at this point.


Please comment on the Warnings and Precautions section as to whether it adequately describes how the device should be used to maximize benefits and minimize adverse events and, unless somebody else has comments, all I see is, "See Warnings and Precautions and final labeling and information for use."  So I don't know what they are.  So, no; it doesn't adequately state--unless I am missing a piece of the packet.


Anybody else see anything more than I see?  No?  Okay.


Part d: Please comment on operators instructions as to whether it adequately describes how the device should be used to maximize benefit and minimize adverse events.


Perhaps one of the interventional type of people could answer whether they think that was appropriately described.


DR. WHITE:  I think it is appropriately described.


DR. TRACY:  Any other comments on that one?


Part e: Please comment on the remainder of the device labeling as to whether it adequately describes how the device should be used to maximize benefits and minimize adverse events.  I think that would be hard to answer until we have a better sense of--until we have different outcomes and different endpoints to be looking at.  I think we can't really answer that question.


So we will move on to the next part, postmarket evaluation.  The panel package includes the available data for the STARFlex device in the pivotal cohort.  In addition, data were provided from the Clamshell and includes some follow up for out to ten years.  Please discuss long-term adverse effects that may be associated with device implantation including late thrombosis formation, the risk of endocarditis, problems with late operation and arrhythmias.


Question 7: Based on the clinical data provided in the panel package, do you believe that additional follow-up data or postmarket studies are necessary to evaluate the chronic effects of the implantation of the STARFlex device.  If so, how long should patients be followed and what endpoints and adverse events should be measured?


I think we don't have long-term follow up on the STARFlex.  We have long-term follow up on the predecessor of the STARFlex.  We don't know what the long-term fracture will be.  I think we need to follow those patients in postmarket surveillance for roughly the equivalent time period as the Clamshell patients have been followed.


So I think that all of those mechanical malfunctions and risk of endocarditis, et cetera, should be followed for an extended period of time, something equivalent to what is now available with the Clamshell studies.


DR. ZUCKERMAN:  Are there any additional comments on what imaging modalities should be used and what other adverse events or clinical scenarios should be looked for?


DR. LASKEY:  To get at the wire-fracture beast, you would need plane radiography, I would think.  I don't think echo is going to do that so, since we still are concerned about wire fractures and their long-term natural history, I think plane chest radiography might work.


DR. TRACY:  Other comments from the panel members?  
I believe that was all of the questions that were addressed to the panel from the FDA.  At this point, we will briefly go to another open public hearing.

Open Public Hearing

DR. TRACY:  If there is any member of the audience that would like to express an opinion at this time, please come forward and identify yourself at this time.


If not, we will close the open public hearing.

Open Committee Discussion


DR. TRACY:  I will, at this time, ask the FDA of they have any additional comments or questions before we take our vote.


DR. ZUCKERMAN:  No; the agency doesn't.


DR. TRACY:  I would like to ask the sponsor if they have any additional comments or questions at this time.


DR. JENKINS:  No; we don't.


DR. TRACY:  I will ask the industry representative if he has any questions or comments.


MR. MORTON:  No; no comments.  Thank you.


DR. TRACY:  Mr. Dacey?  Any questions or comments?


MR. DACEY:  The only comment I had was on the information for the patient and families.  It really assumed much too high a level of patient literacy.  When I first looked at it, I felt like I was almost reading a JAMA article.  So I would strongly suggest, when the time comes to prepare information for patients and families, that there is a wealth of resources out there on what works and doesn't work.


It isn't enough anymore just to keep at at the fifth-grade level.  It is a combination of words and pictures and how they are ordered and so forth.  So, when the time comes for people who have to confront this issue, they have information that they can capture to the widest  possible audience.


We know we can't capture everybody but we would let's capture as many people as we can.  I guess that is all I have to say at this point.


DR. TRACY:  Thank you.

Recommendations and Voting

DR. HARVEY:  I would like to read into the record the voting options for the panel.  The panel recommendation options for premarket approval applications: the Medical Device Amendments to the Federal Food, Drug and Cosmetic Act, the Act, as amended by the Safe Medical Devices Act of 1990, allows this Food and Drug Administration to obtain a recommendation from an expert advisory panel on designated medical device premarket approval applications, or PMAs, that are filed with the agency.


The PMA must stand on its own merits and your recommendation must be supported by safety and effectiveness in the application or by applicable publicly available information.


Safety is defined in the Act as reasonable assurance based on valid scientific evidence that the probable benefits to health, under conditions on intended use, outweigh any probable risks.


Effectiveness is defined as reasonable assurance that, in a significant portion of the population, the use of the device for its intended uses and conditions of use, when labeled, will provide clinically significant results.


Your recommendation options for the vote are as follows: number one, approval, if there are no conditions attached; number two, approvable with conditions.  That panel may recommend that the PMA be found approvable subject to specified conditions such as physician or patient education, labeling changes or a further analysis of existing data.  Prior to voting, all of the conditions should be discussed by the panel.


Number 3, not approvable.  The panel may recommend that the PMA is not approvable if the data do not provide a reasonable assurance that the device is safe or if a reasonable assurance has not been given that the device is effective under the conditions of use prescribed, recommended or suggested in the proposed labeling.


Following the voting, the chair will ask each panel member to present a brief statement outlining the reasons for their vote.


DR. TRACY:  At this time, I will ask for a motion.  Dr. Vetrovec, would you care to make a motion regarding this device?


DR. VETROVEC:  By motion, do you mean that we vote or that we take a stand, what the stand should be?


DR. TRACY:  I'm sorry.


DR. VETROVEC:  I don't know what you are asking.


DR. TRACY:  We need a motion whether the device is approvable, approvable with conditions or not approvable.


DR. VETROVEC:  I see.  I move that it is not approvable.


DR. TRACY:  Do we have a second on that?


DR. COMEROTA:  Second.


DR. TRACY:  Any discussion from the panel?  Then, let's take a vote on that.  Let's take a hand vote.  Those who agree that this is not approvable, please raise your hands.


[Show of hands.]


DR. HARVEY:  The vote is twelve votes for the motion.


DR. TRACY:  Votes against the motion, which would mean that the device would be approvable, or approvable with conditions?


DR. HARVEY:  They just voted against that motion.


DR. TRACY:  Okay.


DR. AZIZ:  Can I just ask a question, or do I have to make the vote?


DR. TRACY:  You can ask a question.


DR. AZIZ:  I was thinking a lot more about this, as obviously the afternoon has gone on.  I think that the device has a role to play in patients who are higher risk rather than just high-risk surgery.  I am just trying to sort of grapple with the fact that I don't think that it should be used on all PFOs but in this select group of patients in whom surgery really would be a high risk.


DR. TRACY:  At this point, the vote carries that the device is not approvable and we will ask each member to briefly state their reasoning for their vote.


Dr. Carabello?


DR. CARABELLO:  I believe that the device is safe and I believe it is effective in closing the hole, but I don't believe that that is proof of effectiveness of the device in preventing recurrent strokes.


DR. TRACY:  Dr. Marler?


DR. MARLER:  I believe that, in long-term prevention of stroke, safety has to be evaluated in terms of benefit.  So I don't think that there is evidence presented that convinces me that it is either safe or that there is evidence to suggest it is effective.


DR. TRACY:  Dr. Lazar?


DR. LAZAR:  I agree that the benefits have not been established and more data is needed to be collected with patients whose entry is much more carefully specified so then the indications become clear about how the device should be used in the future.


DR. TRACY:  Dr. Zivin?


DR. ZIVIN:  Votes of this type are not about numbers and statistics and epidemiology.  They are much more important than that.  FDA meetings are fun when I can come and help give the world a new or better form of therapy.  They are no pleasure at all when I vote no, and I have only once previously been so unfortunate as to have to do so.


We all have, or most of us, have taken the oath of Hippocrates at some or other and that says, amongst other things, to do no harm.  Well, we can't believe that because, at a certain level, we must do some harm to some of our patients but it can only be acceptable if it is balanced by some evidence of benefit.


Up until this point, the development of this program has shown only harm.  Efficacy simply hasn't been tested.  If you can find one group of patients that can be helped by this device, I would become a strong advocate of it.  Until that happens, I am afraid I have to vote against it.


DR. TRACY:  Dr. Bailey?


DR. BAILEY:  I don't have any new reasons.  I think they have all been expressed for voting no, and I only hope that this would be a stimulus to developing the data which would enable approval of the device and also, perhaps, answer the scientific question about the role of PFO in stroke.


DR. TRACY:  Dr. Laskey?


DR. LASKEY:  I agree with my colleagues here for those reasons and I would just add that it is really very unfortunate that a poorly designed study has gotten this far.  I think it has had the expected inevitable outcome.


DR. TRACY:  Dr. Becker?


DR. BECKER:  I agree that effectiveness hasn't been shown and I also think that long-term safety has not been shown.


DR. TRACY:  Dr. Pentecost?


DR. PENTECOST:  I think the device can be inserted safely.  I think it is a pretty slick device.  I would think that the measures of effectiveness of this, one would be imaging to prove the hole is closed.  That criteria wasn't met for reasons I still don't understand.


Secondly, would be clinical effectiveness and to clinically show that you are effective in reducing neurologic episodes.  You would think you would have a neurological exam pre- and post.  That is also absent.


DR. TRACY:  Dr. White?


DR. WHITE:  I vote no for the reasons already enumerated.


DR. TRACY:  Dr. Vetrovec.


DR. VETROVEC:  I vote no for the reasons stated.  I would add that it seems to me that this issue, as I raised earlier, is partly a problem of completeness of data and using standardized criteria for entry and criteria for follow up.  That certainly would help in any circumstance in which there is already a lot of confusion.


DR. TRACY:  Dr. Pina?


DR. PINA:  I vote no for all the reasons that my colleagues here have said, but I urge the company to take a look at what they have done so far, to learn from their data and to use it to define and design a real trial.


DR. TRACY:  Dr. Comerato?


DR. COMEROTA:  I voted no because we have been given a dataset that conflicts with the manufacturer's intention.  This does appear to be slick device that will close a PFO but we have had 49 patients presented with a medial follow up of 6.5 months, 18 percent adverse events in 14 percent of the patients and 27 percent had identified complications.


Then we are given a life table probability of freedom from fracture of the device of about 5 percent freedom from fracture at about 20 months, which concerns me, especially in very young patients who have many years to live.


I think this device will be helpful in patients in the future but it is incumbent upon all of us to identify who those patients are.


DR. TRACY:  Dr. Aziz?


DR. AZIZ:  I think I agree, obviously, with a lot of the things that have been said on the panel and I think the study has a lot of deficiencies.  My only interest was in the small select patients, group of patients, who are referred to surgeons who have had a PFO demonstrated.  It is really a compassionate sort of a feeling and I think that all the deficiencies clearly do exist.


I just hope that it would be available on a compassionate basis for that group of higher-risk or high-risk patients.


DR. TRACY:  Mr. Morton, any comments at this point?


Mr. morton:  No.


DR. TRACY:  That concludes this portion of the meeting.  We do have another piece of business that wasn't covered yesterday, OSP presentation on the pulmonary-artery  rupture following pulmonary-artery catheterization, gender effects.


I will ask--I guess it is Dr. Kaczmarek that will be presenting this portion of the meeting.


DR. TRACY:  For the panel, this is new business that was scheduled to be covered yesterday.  If you can remain, that would be very helpful.

OSB Presentation

Pulmonary-Artery Rupture

Following Pulmonary-Artery Catheterization:

Gender Effects

DR. KACZMAREK:  Good afternoon.


[Slide.]


My presentation is pulmonary-artery rupture following pulmonary-artery catheterization: gender effects.  My coauthors are Jenny Liu and Dr. Thomas Gross of the Office of Surveillance and Biometrics.


[Slide.]


Pulmonary-artery rupture is a recognized rare, but often fatal, complication of pulmonary-artery catheterization.  Case reports and case series have described this complication.  The primary limitation of the available data is that the cases are generally obtained from a solitary institution.  Consequently, the number of cases of pulmonary-artery rupture included is very limited.


[Slide.]


The purpose of the current study is to improve the understanding of pulmonary-artery rupture following pulmonary-artery catheterization by examining two national databases.  First, the FDA's Medical Device Reporting System and, secondly, the Agency for Healthcare Research and Qualities nationwide inpatient sample.  Data are obtained from hundreds of hospitals from across the nation in these data-collection systems.


[Slide.]


Reports were reviewed of medical-device-related adverse events and product problems submitted to FDA's MDR system.  This nationwide passive surveillance system received reports from user facilities, manufacturers, healthcare professionals, and the general public.  Each year, the FDA receives approximately 90,000 reports, 3 percent of which are voluntary.


[Slide.]


The MAUDE database was examined using the following criteria.  Reports coded with flow-directed or pulmonary-artery catheter that were received between January 1 of 1991 and January 1 of 2001.  A total of 889 reports representing 853 adverse events including 55 deaths, 147 injuries and 651 malfunctions were identified and individually reviewed.


A total of 71 pulmonary-artery rupture cases were identified from these reports.  Pulmonary-artery rupture events were captured using at least one of three inclusion criteria based on the report text: first, hemoptysis, or blood, noted in the endotracheal tube after catheter placement or balloon inflation; secondly, pulmonary-artery rupture in the event description of the report; finally, and most definitively, pulmonary-artery rupture in the autopsy result.


[Slide.]


The review of the adverse-event reports revealed that a total of 55 deaths were associated with pulmonary-rupture catheter use.  These ruptures were associated with 47 deaths and 24 injuries accounting for 85 percent of all catheter-related deaths.  The remaining 15 percent of the deaths were related to air embolism, 4 percent; cardiac tamponade, 2 percent; pleural cavity perforation, 2 percent;  and unknown causes, 7 percent.


[Slide.]


Of the 71 pulmonary-artery rupture cases, 52 were in women resulting in 39 deaths and 13 injuries.  Ten of the cases were in men, causing six deaths and four injuries, and nine were gender unreported, two deaths and seven injuries.  Overall, women comprised 87 percent of the reported deaths, 39 of 45, among the subset of reports of known gender.


[Slide.]


Sixty of the pulmonary-artery rupture case reports noted age with a range between 40 in 91 years and a mean of 74 years.  Elderly females accounting for the majority of reports where age and gender were noted.  More cases were noted among women than men in every age group.


[Slide.]


The nationwide inpatient sample is a massive nationally representative database that is maintained by the Agency for Healthcare Research and Quality.  Data are obtained from over 800 hospitals from across the nation in this data-collection system.  Information is obtained from over 6 million patient discharge summaries.  This database was analyzed to obtain nationally representative estimates of the respective proportions of pulmonary rupture catheterizations by gender.


[Slide.]


Analysis of the 1996 nationwide inpatient sample, with 1996 being the approximate midpoint of the time frame of the study, revealed that the majority of pulmonary rupture catheterizations were actually performed in May.  58 percent were performed in males and only 42 percent were performed in females.


[Slide.]


This slide examines the age-specific incidence of pulmonary rupture catheterization in the 1996 nationwide inpatient sample.  Pulmonary rupture catheterization was performed in a diverse patient population extending from the pediatric population to individuals over 100 years of age.  Most importantly, more pulmonary rupture catheterizations were performed in men than women in every age group up to 85 years of age.


[Slide.]


This is the take-home message from this morning's presentation.  There were significantly more cases in women than expected and significantly fewer cases in men than expected.  The Mantel-Haenszel common odds-ratio estimate was 5.84 with a 95 percent confidence interval ranging from 2.97 to 11.46 with a p-value well less than 0.001.


[Slide.]


Our data highlight the importance of female gender as a risk factor for pulmonary-artery rupture, the data from the nationwide inpatient sample demonstrating that the majority of pulmonary rupture catheterizations occur in male patients argues strongly against the contention that a greater use of pulmonary rupture catheterization among women is responsible for the observed preponderance of case reports occurring among women.


Other reports have indicated that females may be at greater risk as well.  For example, a case series reported by Mullerworth, et al., noted that all seven of his patients were female.  Pulmonary-artery rupture is often fatal.  The most likely outcome for the patients in our case-series analysis was death.  Mortality following pulmonary-artery rupture in other case series have been very high as well.


For example, Kelly, et al., noted that eight of fifteen, or 53 percent, of his reported cases were fatal.  The survival that does occur is greatly assisted by the setting of pulmonary rupture catheterization.  Essential personnel are immediately available to perform invasive lifesaving emergency procedures.


Now, a discussion of the optimum therapeutic measures in response to such rupture is beyond the scope of this afternoon's presentation.  However, the authors would submit that the importance of a high index of clinical suspicion for this complication is utterly crucial.  The rarity of the complication may result in a given practitioner or even a given healthcare facility not experiencing the complication for extended periods.


The failure to experience the complication does not preclude its future recurrence.  Patient survival following its occurrence may well depend on rapid recognition and therapy that will be facilitated by a high index of clinical suspicion.


[Slide.]


A review of the labeling for pulmonary rupture catheters revealed that the risk of pulmonary rupture was noted in the labeling.  Gender effects were not addressed.


[Slide.]


I would like to briefly discuss some of the limitations of the MDR reporting system.  First, underreporting is common in passive surveillance systems such as the MDR system.  There are several reasons for underreporting including a lack of awareness of the reporting requirement, a reluctance to report complications that had been previously reported in the published literature and, most importantly, medical-legal considerations.


Other limitations of the system are the lack of independent verification of the data, missing information and an absence of denominator data--that is, the quantification of device use.


[Slide.]


Further study of the effect of gender on the risk of pulmonary-artery rupture following pulmonary rupture catheterization is warranted.  Such study may pose substantial challenges.  Case-control studies can efficiently study the relationship between a potential risk factor and a relatively rare outcome such as pulmonary rupture.  Unfortunately, a repository or registry of pulmonary-artery rupture cases is not currently available to provide the cases for study.


A cohort study may be relatively costly because the rarity of the complication would require a very large sample size.  The challenges posed by more formalized study underscore the importance of case reports.  The FDA strongly encourages practitioners and facilities to report such cases.


In conclusion, pulmonary-artery rupture is a rare but often fatal when it occurs complication of pulmonary rupture catheterization.  The case reports received by the FDA indicate that pulmonary-artery rupture following pulmonary rupture catheterization is a complication worthy of our attention.  Clinicians must be aware of the potential for this complication, particularly among female and elderly patients.


Thank you.


DR. TRACY:  Thank you.


Any questions from the panel to Dr. Kaczmarek?


DR. VETROVEC:  Have you got any data on body surface area of the women versus the men or anything else about size that might be helpful out of this data?


DR. KACZMAREK:  Unfortunately, no.  As was indicated earlier, there is a lot of information that, unfortunately, is not reported in case reports.  People report what they want to report to the agency.  I think, in the context of more formalized study, your suggestions are excellent.


DR. TRACY:  Dr. Pina?


DR. PINA:  I have always sensed that the duration of the inflation of the balloon and how far advanced it is-- and Blase is our hemodynamic guru here; he can probably attest to this--will be related to rupture.  You do have a trial ongoing.  It is called ESCAPE and ESCAPE is an NIH trial randomizing heart-failure patients who are coming in pretty sick to either getting a Swann or not getting a Swann.  It would be an ideal place to gather more information because a third of those patients will be women by NIH standards.


We will have body size and we will have hemodynamics and we will have everything.  That has not been my experience but I would love to hear what Blase says.


DR. CARABELLO:  We always recommend that the catheter be positioned such that the balloon wedges only when it is fully inflated so that it inflates in the most proximal and presumably strongest part of the pulmonary artery.


In women, then, you would guess that, since they are smaller, the balloon would actually plug the--would cause occlusion in the more proximal part of the artery which ought to be better, not worse.


So it must have something to do with the fact, though, that one size doesn't fit all and that what winds up--it may be that, therefore, the lack of perfect attention to how this thing is used results in overwedging more frequently in women in a more distal part of the tree where rupture is more likely.  That is what I would guess.


DR. AZIZ:  Do you have any data on the pulmonary pressures in these people?


DR. KACZMAREK:  Unfortunately, no.  But I would like to extend the comments that were made previously, that, if it is correct that the female risk is substantially greater than the male risk, the measures that were suggested just now to reduce the female risk down to the male risk level would substantially reduce the number of pulmonary-artery ruptures.


DR. AZIZ:  The other thing; do you have any data on how many of these patients were cardiac-surgery patients, and I will tell you why I ask you that question.


DR. KACZMAREK:  Again, unfortunately, no.  The data that we receive under the case-report system is not anywhere near as inclusive as a formalized study, most unfortunately.


DR. AZIZ:  An actually recognized complication, at least in cardiac-surgery cases, patients who used to be cooled a lot, the anesthesia folks would put their pulmonary rupture catheter in, the patient would be cooled, the catheter tips become stiff.  A lot of the time, in manipulating the heart, and this is not an inflated catheter--I, unfortunately, have seen a few, about two or three of these cases and unfortunately all you know is that blood comes out of the ET tube.


If you don't recognize it, if you don't think about it--again, it is has got to be dealt with.  It would be nice to find out if a number of these patients were women.  Again, these are catheters that are really not dilated but the effect of hypothermia.


Then, also, patients postoperatively, in the ICU, I think, again, mine, obviously is related to the cardiac-surgery experience, it is important--it is important, particularly a lot of these guys are still sort of anticoagulated or not completely reversed.  Again, when people are dilated, a lot of the time, you really don't need the wedge pressure, the PAD.  Unless there is pulmonary hypertension, it is sufficient.


I have seen, again, two or three patients where inadvertently--or I wouldn't say inadvertently, but I think just the thing that was done, where the patients again were anticoagulated or coagulable.  And, again, they bled.  Then the management--you could have a whole hour's discussion on that but it doesn't have to be fatal if it is appropriately recognized.  You have got to have targeted therapy.


DR. KACZMAREK:  Right.  Let me extend that comment as well.  In fact, within the context of our case series, there were 71 cases and 47 deaths.  Another goal is for us to present and publish these data in the hopes of increasing the awareness of clinicians to decrease that mortality rate, as you observed.


DR. PINA:  Dr. Aziz, I disagree with you that you don't need the wedge after surgery since most of the patients that you guys are getting now are patients with sick ventricles where the wedge does not correlate with the PAD.


DR. AZIZ:  We can talk about that.


DR. BAILEY:  Crudely, it looked as if, although there is an obvious sex effect, that, in women, there wasn't any age effect; that is, the risk went up with just the number of procedures; is that right?


DR. KACZMAREK:  No.  It was really concentrated in more elderly women.


DR. BAILEY:  But I mean that more elderly women got the use of it.


DR. KACZMAREK:  That's true as well; yes.


DR. BAILEY:  So my question is did you look at whether it was any less in younger women as a proportion of the number of procedures?


DR. KACZMAREK:  Yes; I believe that the rate was lower among younger women.  The proportion was relatively higher among more elderly women.


DR. LASKEY:  This hazard of Swann-Ganz catheterization has been kicking around for several decades.  The usual argument is that sick people wind up getting these procedures.  So you really need to factor that into what you apparently can't, your measure of association.


Now, it is unlikely that your unadjusted or raw rates are going to be totally adjusted away by confounding features, but I don't see how you are going to get around that issue for publication, that are there different reasons why women are getting these procedures than men.  It remains true that women in the hospital tend to have more comorbidities, specifically heart failure, than men for cardiovascular rubrics, anyway.  All these are risk factors.  I don't know how you are going to get by with just the raw measure of association, striking as it is.  It may be completely explained by confounding variables.


DR. KACZMAREK:  Let me agree with that, that we can't adjust for comorbidities.  But what we are attempting to do with the case-report data is to build the case to go forward and do more definitive study where those variables could be addressed, recognizing that it may require considerable resources to do so.


But we are getting a signal from the MDR system that really it is worthwhile.


DR. LASKEY:  The first thing that came to my mind, before you got to the data, was that women tend to have more mitral-valve disease than men and that lead to pulmonary hypertension.  That is a setup for this event, that it is more likely to occur, at least by tenfold, in people with pulmonary hypertension than normal pulmonary-artery pressure.


There is so much noise in here that you probably do need to dig deeper.


DR. KACZMAREK:  We would agree entirely.  We recognize that we are dealing with case-report data.


DR. TRACY:  Dr. Marler?


DR. MARLER:  I was going to suggest that I would find your data more convincing if you looked at comparable procedures and didn't find this difference or even at the whole database as a whole, how many of the complaints, at least as a base for me to begin to compare the effect you see.


DR. KACZMAREK:  Right.  I think what you are suggesting is could gender be related to underreporting and that explain the findings.


DR. MARLER:  I am suggesting that, if you made it clear that that were not true, it would be more convincing.


DR. PINA:  This is the kind of thing that committees of the American Heart and committees of the ACC that have to do with invasive procedures and hemodynamic monitoring would love to see because there should be some guidelines--I mean, we have our own guidelines in our hospital but that is because it is set up by us directly.


But there should be some guidelines in hospitals for how to measure the wedge and how long to leave the balloon inflated and what do you measure and what kind of curve should it look like when you pull the balloon back.  Do you have a PA tracing again and how often do you do it and how much air.


All that should be part of it, so that is something that I think that, if you can communicate that to the American Heart or to the ACC, these are the folks that can actually implement it into some kind of a statement or some kind of procedure statement.  I have seen this done with other procedures.  That is the right venue because that is where the practitioners will actually look at it.


DR. ZUCKERMAN:  Can you give us an idea of what the sample size is going to be of the ESCAPE trial to see if it is going to be reasonable--


DR. PINA:  The ESCAPE trial right now has about 360 patients enrolled.  We are aiming for more than 500.  So we are talking about a pretty sizable group where half will have a Swann and half will not.  It is a very sick population because it means they are coming into the hospital because of their heart failure, not sick enough that you have to have a Swann in but sick enough that you are bringing them in and you have reached what we call equipoise so that you can say, "I can manage this patient with a Swann or I can manage them without."


As I said, 33 percent of them will be women.  Lynn Stevenson is the PI up at the Brigham.  I think she would be very interested in hearing these data.  I think they are very interesting and almost very alarming in a way.  It would be nice to kind of keep track of that in our trial.


DR. TRACY:  Dr. White.


DR. WHITE:  I missed it.  Did you tell us what duration you collected this data over?


DR. KACZMAREK:  Over a ten-year span.


DR. WHITE:  So, in ten years, you had how many deaths?


DR. KACZMAREK:  There were 47 deaths reported to the agency in 71 cases of pulmonary-artery rupture that were reported to the agency.  Again, we have strong reason to believe that, within the context of this reporting system and other passive reporting systems, substantial underreporting does occur.


DR. WHITE:  I know of a couple.


MR. MORTON:  It is actually comprehensive of the MAUDE database; is that not right?


DR. KACZMAREK:  That is correct.


MR. MORTON:  It is not an arbitrary ten-year window.  It is comprehensive.


DR. KACZMAREK:  Right.


DR. TRACY:  Any other comments from the panel?


DR. VETROVEC:  What do you plan to do with this?


DR. KACZMAREK:  We plan to submit this data for publication.  I think it may become a piece of the puzzle on how people treat pulmonary-artery catheters.  It is not an answer, in itself, but it may be a useful puzzle piece and it may stimulate further research in the area to address the issues that were brought up earlier that really can only be addressed by more formalized trial.


This may provide the basis to go out and do those studies.


DR. PINA:  But you have got to be careful because the one JAMA paper of about four or five years ago that talked about the risks of Swanns turned everybody against having hemodynamic catheters even in people who needed it, and this may be the fuel for some centers to say, oh, no; we are not doing that, when, in fact, it is a very important procedure and some patients that we really need to manage have done judiciously.


So you have to be very cautious about alarming without having something like in a trial like this.


DR. TRACY:  Any other comments from the panel?


I would like to thank everybody for their attention and patience today.  We are now adjourned.


[Whereupon, at 3:15 p.m., the meeting was adjourned.]
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