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Definition of Terms
Ischemic
stroke

Acute focal neurological deficit presumed to be due to focal ischemia, and
either 1) symptoms persisting 24 hours or greater, or 2) symptoms persisting
less than 24 hours but associated with MR or CT imaging findings of a new,
neuroanatomically relevant, cerebral infarct

Cryptogenic
stroke

Stroke of unknown cause; to qualify for the RESPECT trial, cryptogenic
strokes were defined by ruling out strokes of known mechanism

ASCOD

A system to phenotype patients with ischemic stroke; ASCOD (A:
atherosclerosis; S: small-vessel disease; C: cardiac pathology; O: other
causes; D: dissection) phenotyping assigns a degree of likelihood of causal
relationship to every potential disease (1 for potentially causal, 2 for causality
is uncertain, 3 for unlikely causal but the disease is present, 0 for absence of
disease, and 9 for insufficient workup to rule out the disease) commonly
encountered in ischemic stroke

mRS

Determines the disability caused by a stroke. The scale ranges from 0 to 6,
with 0 being no impairment and 6 is patient death.

NIHSS

Validated instrument using a formalized neurological examination that
provides a reliable score of neurological impairment. The range is from 0,
which is no measurable deficit, to 42, which is the most severe stroke.

TIA

Acute focal neurological deficit (focal motor deficit, aphasia, difficulty
walking, hemisensory deficit, amaurosis fugax, blindness, or focal visual
deficit) presumed to be due to focal ischemia with symptoms persisting
greater than or equal to 5 minutes and less than 24 hours that are not
associated with MR or CT findings of a new neuroanatomically relevant
cerebral infarct

TOAST

A classification system for subtypes of ischemic stroke based on etiology
including: 1) large-artery atherosclerosis, 2) cardioembolism, 3) small-vessel
occlusion, 4) stroke of other determined etiology, and 5) stroke of
undetermined etiology
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1

SYNOPSIS

A patent foramen ovale (PFO) is a congenital flap-like opening between the right and left upper
chambers of the heart, which usually closes after birth. In most people with a persistent PFO, the
anomaly does not affect the person’s health. However, some people with a PFO experience a
stroke, usually at a young age. By providing an open conduit for a thrombus to pass from a
venous source to the body’s arterial system, a PFO can create a lifelong risk for stroke due to a
paradoxical embolism; the paradox being that a venous thrombus passes through the PFO,
thereby bypassing the lungs, and entering the body’s arterial system. These strokes, the causes of
which are not readily apparent, are among those referred to as “cryptogenic.”
Upon diagnosis of a cryptogenic ischemic stroke, the American College of Chest Physicians
(ACCP) treatment guidelines recommend prescribing a lifetime regimen of antithrombotic (i.e.,
antiplatelet or anticoagulant) therapy (Whitlock et al, 2012). Unfortunately, even in the setting of
strict adherence, antithrombotic therapy does not eliminate the risk for embolic stroke. Young to
middle-aged, otherwise healthy people who have experienced an embolic stroke deemed to be
associated with PFO have stroke recurrence rates averaging 1-2% per year on aspirin (Mas et al,
2001; Arauz et al, 2012). For this younger patient population, the risk for a potentially devastating
stroke during what are usually their most productive years, accumulates over decades. There is an
unmet need for further reduction in risk among these patients beyond what can be achieved with
medical management alone.
The AMPLATZER™ PFO Occluder is an implantable cardiac device developed by St. Jude
Medical (SJM) to close a PFO using a minimally invasive transcatheter procedure in order to
reduce the risk of recurrent cryptogenic stroke. Over the last 12 years, SJM has conducted
clinical research to evaluate the safety and effectiveness of the AMPLATZER PFO Occluder in
patients with a PFO who have had a cryptogenic ischemic stroke due to a presumed paradoxical
embolism. In November 2012, SJM submitted a PMA application for the AMPLATZER PFO
Occluder based on the primary results of the RESPECT trial. Follow-up has been ongoing since
the initial PMA submission. Recently, SJM submitted the extended follow-up results of the
RESPECT trial to FDA, with an average patient follow-up of more than 5 years.
SJM is requesting Premarket Approval (PMA) of the AMPLATZER PFO Occluder for patients
with a PFO who have had a cryptogenic stroke due to a presumed paradoxical embolism. SJM is
proposing the following indication for use of the AMPLATZER PFO Occluder:
“The AMPLATZER PFO Occluder is intended for percutaneous, transcatheter closure
of a patent foramen ovale (PFO) to prevent recurrent ischemic stroke in patients who
have had a cryptogenic stroke due to a presumed paradoxical embolism.”
The AMPLATZER PFO Occluder is a self-expandable, double disc device made from a Nitinol
wire mesh. The device is delivered percutaneously via the femoral vein using a delivery wire
attached to the end screw at the proximal disc of the device. This end screw allows the device to
be attached to a delivery cable and loaded into a transcatheter delivery system for percutaneous
implantation as well as for recapture if required. The delivery system consists of a delivery sheath
with Touhy-Borst hemostatic adapter, dilator, loader, plastic vise, and delivery cable.

Page 1 of 114

AMPLATZER PFO Occluder Executive Summary
Circulatory System Devices Panel

The safety and effectiveness of the AMPLATZER PFO Occluder were evaluated in the pivotal
RESPECT randomized clinical trial, which is the largest trial of a transcatheter PFO closure
device. The trial randomized 980 patients in a 1:1 ratio to either be implanted with the
AMPLATZER PFO Occluder (Device) or to follow one of the medical regimens recommended
by national treatment guidelines (Medical Management [MM]). Based on peer-reviewed literature
from observational studies, this event-based trial was powered to detect a 75% relative risk
reduction for recurrent ischemic stroke with the device compared to guideline-directed medical
therapy.
The RESPECT trial enrolled patients over eight years, six years longer than anticipated.
Throughout the enrollment period, there was a lack of clinical equipoise among physicians in
favor of PFO closure, combined with the availability of approved septal occluders that were being
used off-label to close the PFO. These devices are designed to close an atrial septal defect (a large
hole between the atria) rather than a PFO (a narrower tunnel or flap between the atria), for which
the AMPLATZER PFO Occluder is designed. Additionally, over the first 3.5 years of the trial, the
AMPLATZER PFO Occluder was also available under Humanitarian Device Exemption (HDE),
which significantly slowed enrollment in RESPECT. Once the device was no longer available
under HDE, the enrollment rate doubled to 144 patients per year.
The trial also had a differential rate of patient drop-out, with a higher rate of drop-out in the
medical management (MM) arm. Most patients randomized to the MM arm withdrew consent
stating they were unhappy with the randomization assignment or in order to seek PFO closure
outside the trial.
The primary effectiveness endpoint for the RESPECT trial was a composite of the following
events:


Fatal ischemic stroke



Recurrent nonfatal stroke: defined as acute focal neurological deficit presumed to be
due to focal ischemia, and either 1) symptoms persisting 24 hours or greater, or 2)
symptoms persisting less than 24 hours but associated with MR or CT imaging findings of
a new, neuroanatomically relevant, cerebral infarct.



Post-randomization death: defined in the MM arm as all-cause mortality within 45 days
after randomization, and in the device arm as all-cause mortality 30 days after implant or
45 days after randomization, whichever occurred last.

The primary endpoint was not met in both the intention-to-treat (ITT) raw count and log-rank
analyses. The raw count analysis showed an odds ratio of 0.534 favoring the device (Fisher’s
Exact p = 0.157). Of the 25 primary endpoint events in the ITT analysis, 9 occurred in the Device
arm and 16 occurred in the MM arm. There was a 50% relative risk reduction with the device
(hazard ratio [HR]: 0.50, 95% CI: 0.22, 1.13; p = 0.089) compared to guideline-directed MM,
using a log-rank test and a Cox proportional hazards model.
In the pre-specified Per Protocol analysis, there was a statistically significant and clinically
meaningful 63% relative risk reduction in the Device arm (HR: 0.37; 95% CI: 0.14, 0.97; p =
0.03).
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Given that the observational data upon which the RESPECT trial design were based
overestimated the treatment effect and led to an underpowered trial, the totality of the
randomized, controlled AMPLATZER PFO Occluder data were evaluated in a patient-level metaanalysis (Kent et al, 2016). The meta-analysis evaluated two randomized controlled trials of the
AMPLATZER PFO Occluder (RESPECT and PC trials). The results showed that, when
compared to medical management, PFO closure with the AMPLATZER PFO Occluder resulted
in a statistically significant 59% relative risk reduction for recurrent ischemic stroke (HR: 0.41;
95% CI: 0.20, 0.88; p = 0.021).
The RESPECT trial has demonstrated that the AMPLATZER PFO Occluder is a device with a
safe implant procedure with a favorable long-term safety profile. The rate of procedure- or
device-related serious adverse events was 5%. Nearly all of the procedure- or device-related
serious adverse events resolved without long-term sequelae. There were no procedure- or devicerelated deaths. Finally, there were no intra-procedural strokes, device embolizations or reports of
thrombus on the device or device erosions in RESPECT.
In the United States, medical management with antiplatelet or anticoagulant therapy, or surgical
closure of a PFO, are the only currently available therapies to treat patients with a PFO who have
experienced a cryptogenic stroke. The AMPLATZER PFO Occluder addresses an unmet medical
need among patients who suffer a cryptogenic stroke due to a PFO, many of whom will remain at
risk for recurrent strokes for decades. Considering the life-long benefit of protection from stroke
due to a paradoxical embolism and the low incidence of procedure- or device-related
complications, the benefits of the device outweigh any residual risks associated with the device.
This document summarizes the totality of data on the AMPLATZER PFO Occluder in patients
with a PFO who have experienced a cardioembolic event. This includes results from the:


SJM-sponsored RESPECT trial (Section 5),



Patient level meta-analysis of AMPLATZER PFO Occluder randomized controlled
trials against MM (Section 9), and



SJM-sponsored PFO ACCESS Registry (Section 11).

Also presented are SJM’s plan for a post-approval physician training program and a post-market
clinical program (Sections 12 and 13).
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2

UNMET NEED

Cryptogenic ischemic strokes are ischemic strokes without a known cause despite a thorough
diagnostic evaluation. These strokes frequently occur without any of the common risk factors for
stroke, such as hypertension, diabetes, atherosclerosis, or history of smoking. Cryptogenic
strokes are associated with morbidity and mortality; at 2 years following a cryptogenic stroke,
85% of patients have persistent neurological deficits, 55% are disabled (e.g., cannot work or
drive), and 15% require assistance from others for daily living or are dead (Redfors et al, 2012).
Upon diagnosis of a cryptogenic ischemic stroke, the American College of Chest Physicians
(ACCP) treatment guidelines recommend prescribing a lifetime regimen of antithrombotic
(antiplatelet or anticoagulant) therapy (Whitlock et al, 2012). A lifetime regimen of
antithrombotic therapy can come with concerns. Anticoagulant therapy increases the risk for
hemorrhage, particularly in individuals with certain hematologic abnormalities, pregnant women,
individuals at risk for a fall, and those who participate in certain athletic activities or vocations.
Lack of compliance to medical therapy is a well-documented problem. Glader et al (2010) note
that the rate of medication compliance among patients in the Swedish Stroke Register declined
progressively over the first 2 years, down to 63.7% for antiplatelet drugs and 45% for warfarin.
Bushnell et al (2011) reported that only 87% of patients hospitalized for stroke in the AVAIL
registry remained on antiplatelet therapy and 68.2% remained on warfarin therapy at 1 year.
Unfortunately, in a real-world setting of being prescribed lifelong medication, antithrombotic
therapy does not eliminate the risk for embolic stroke. Young to middle-aged, otherwise healthy
people who have experienced an embolic stroke deemed to be associated with PFO have stroke
recurrence rates averaging 1-2% per year on aspirin (Mas et al, 2001; Arauz et al, 2012). Given
that patients who suffer these strokes are typically in their 30s or 40s, the cumulative risk for
recurrent cryptogenic strokes over the course of decades of their remaining life is considerable
(Li et al, 2015; Cerrato et al, 2006).
PFOs are present in approximately 25% of U.S. adults (Hagen et al, 1984). In young to middleaged patients who have experienced a cryptogenic stroke, the presence of a PFO is about 3 times
as high as that in patients with a stroke of known mechanism (Handke et al, 2007).
Cryptogenic ischemic strokes typically occur in people younger than 60 years of age (Amarenco
et al, 2005) and comprise approximately 25% of all ischemic strokes (Hart et al, 2014). Each
year approximately 690,000 ischemic strokes occur in the United States (Mozaffarian et al,
2015). Of these, approximately 160,000 occur in patients younger than 60 years of age (Fonarow
et al, 2010), and approximately 40,000 (or 25%) of these are considered cryptogenic (Hart et al,
2014). Finally, of the approximately 40,000 cryptogenic ischemic strokes that occur annually,
approximately 16,000 (or 40%) occur in patients who have a PFO (Handke et al, 2007).
Transcatheter PFO closure with the AMPLATZER PFO Occluder is a minimally invasive
treatment to further reduce the risk for recurrent stroke among patients with a PFO and presumed
paradoxical embolism (i.e., a cryptogenic stroke) beyond that achieved with medical
management. This additional risk reduction is achieved by blocking the pathway for a venous
embolism from reaching the body’s arterial system and the brain.
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Although approved atrial septal occluders have been used to perform off-label closure of the
PFO, there are shortcomings to using such devices to close the PFO. These devices are not
designed to close the PFO. Furthermore, there may be unrecognized risks of implanting
unapproved devices in this location since these devices have not been studied for this purpose
(Korabathina et al, 2012). Today there lacks labeling and guidance for physicians and patients
for PFO closure as there are no approved devices.
For young to middle-aged patients who face a lifelong risk for recurrent stroke, often spanning
decades, PFO closure with a safe, minimally invasive technique is an important treatment option.
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3

AMPLATZER PFO OCCLUDER

3.1

Investigational Device Description

The AMPLATZER PFO Occluder is implanted percutaneously and permanently to close a PFO.
The implant procedure is performed using a transcatheter approach under general anesthesia or
conscious sedation and can be performed in a catheterization laboratory setting under
fluoroscopic and echocardiographic guidance.
3.2

Device Description

The AMPLATZER PFO Occluder is a self-expanding, double disc device made from a Nitinol
wire mesh (Figure 1). The wire mesh is formed into a device containing two discs linked
together by a short connecting waist. The waist allows each disc to articulate in relationship to
the defect and conform to the septal wall. In order to increase the device’s ability to close the
PFO, the discs contain thin polyester fabric. The polyester fabric is sewn to each disc by a
polyester thread. Radiopaque marker bands are on the distal and proximal ends of the device.
The device is delivered percutaneously via the femoral vein using a delivery cable attached to the
end screw at the proximal disc of the device. This end screw allows the device to be attached to a
delivery cable and loaded into a transcatheter delivery system for percutaneous implantation and
for recapture if required.
The AMPLATZER PFO Occluder is available in 3 sizes (18mm, 25mm and 35 mm). Sizing is
determined by transesophageal echocardiogram (TEE) or intra-cardiac echocardiography (ICE)
measurements during the procedure.
Figure 1:

3.3

AMPLATZER PFO Occluder

Delivery System

The AMPLATZER TorqVue system, which is 510(k) cleared, is used to deliver the device. The
delivery system consists of a delivery sheath with Touhy-Borst hemostatic adapter, dilator,
loader, plastic vise, and delivery cable. An 8 Fr sheath is recommended for the 18 mm and 25
mm device, and a 9 Fr sheath is recommended for the 35 mm device.
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4

CLINICAL PROGRAM AND REGULATORY HISTORY

4.1

CE Mark

The AMPLATZER PFO Occluder received CE mark in 1998 for patients with a history of stroke
or transient ischemic attacks (TIAs) and PFO diagnosed by echocardiography with right-to-left
shunting during the Valsalva maneuver. In addition to the European Union, the device is
commercially available in 60 countries with 85,408 devices shipped as of March 2016. This
includes devices sold when the device was available under the Humanitarian Device Exemption
(HDE) (See Section 4.4). The device is investigational in the United States.
United States Regulatory History

4.2

The U.S. PFO stroke clinical program for the AMPLATZER PFO Occluder includes the
following investigational device exemption (IDE) studies: a Phase I feasibility study, the PFO
ACCESS Registry, and the pivotal RESPECT trial (Figure 2).


A Phase I feasibility study was conducted in 2000.



Humanitarian Device Exemption (HDE) was approved in 2002. In 2006, all PFO
device manufacturers withdrew their devices as the projected patient population
exceeded the HDE regulatory limit.



The PFO ACCESS Registry was initiated in 2006.



The pivotal RESPECT clinical trial was initiated in 2002. Follow-up in this trial is
ongoing.

Figure 2:

4.3

PFO Stroke Clinical Program Timeline

Feasibility Study

In April 2000, FDA approved a Phase I feasibility clinical study to assess the safety of
percutaneous PFO closure with the AMPLATZER PFO Occluder in patients with a PFO who
experienced a cryptogenic stroke, a transient ischemic attack (TIA), or a peripheral embolism
due to presumed paradoxical embolism (primary group), or who experienced a cryptogenic
ischemic stroke while on warfarin therapy with therapeutic INR (registry group).
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The Phase I study enrolled 79 patients (51 in primary group and 28 in registry group) at 6
investigative sites in the United States. Patients were followed for 1 year post-implant.
There were no unanticipated adverse device effects (UADE) or device-related serious adverse
events (SAEs) in the study. No deaths occurred in the primary group and 4 deaths occurred in the
registry group, none of which were related to the device. There was 1 procedure-related SAE
(groin hematoma) in the primary group that resolved with surgical repair of an arteriovenous
fistula, and 1 procedure-related SAE (pseudoaneurysm of the right iliofemoral artery) requiring
no treatment in the registry group.
In 2002, the PFO Phase I feasibility study was completed in the U.S. and results were submitted
to FDA in support of a pivotal trial, the RESPECT trial.
4.4

Humanitarian Device Exemption

In parallel to the FDA’s review of the RESPECT protocol, FDA granted approval of the
AMPLATZER PFO Occluder in 2002 under HDE for non-surgical closure of a PFO in patients
with recurrent cryptogenic stroke due to presumed paradoxical embolism through a PFO, who
had failed conventional drug therapy. Through 2006, approximately 9,700 AMPLATZER PFO
Occluders were shipped under the HDE. In 2006, FDA assessed that the eligible patient
population in the U.S. exceeded the HDE regulatory limit of 4,000 patients per year, and all
HDE-approved PFO occluders were withdrawn.
4.5

PFO ACCESS Registry

Upon withdrawal of HDE-approved PFO occluders, SJM initiated the PFO ACCESS IDE
Registry in order to provide access to the device for patients with recurrent cryptogenic stroke
while on anticoagulation or antiplatelet therapy (i.e., two or more strokes, one of which must
have occurred while on anticoagulation or antiplatelet therapy). The registry is ongoing with over
600 patients enrolled.
4.6

RESPECT Trial

The RESPECT trial is a randomized (1:1), controlled, open label trial in patients with a prior
cryptogenic stroke and a PFO. The trial was designed to demonstrate superiority of the
AMPLATZER PFO Occluder over medical therapy in reducing the risk of a recurrent ischemic
stroke. The event rates assumed in this event-driven trial were based on observational studies in
published literature.
The first patient was enrolled in August 2003. As noted above, over the first 3 years of the trial,
the device was also available under HDE, which significantly slowed enrollment in RESPECT.
The trial enrolled 259 patients during the 4 years (74 patients per year) in which the device was
available under HDE. Once the device was no longer available under HDE, the enrollment rate
doubled to 144 patients per year. Enrollment continued until 2011 when the 25th pre-specified
primary endpoint event was observed. The observed event rate in RESPECT was 50% lower
than expected. The reduced event rate, coupled with the slower than expected enrollment,
extended the duration of the trial to 8 years (Figure 3).

Page 8 of 114

AMPLATZER PFO Occluder Executive Summary
Circulatory System Devices Panel

Figure 3:

RESPECT Trial Timeline

SJM has worked interactively with FDA during the pre-market approval (PMA) application
review process. Key discussions and meetings include:



In November 2012, SJM submitted the PMA application (May 2012 data lock).
In February 2013, FDA issued a deficiency letter, which included, but was not limited
to, requests for information on the following topics:
o Clinical evaluations conducted at the time of the recurrent stroke events
o Potentially relevant findings, including the status of the PFO, that could have
been associated with the recurrent stroke
o Statistical analyses including patient accountability and reasons for exclusion
of patients for each analysis population
o Reasons for medication non-compliance (e.g., costs, side effects) and efforts
carried out to reduce the rate of non-compliance
o Sensitivity analyses on Per-Protocol and As Treated populations related to the
definition of medication compliance
o Basis for selection of violations of inclusion/exclusion criteria that excluded
patients from the Per-Protocol population
o Testing used to assess exclusion of other potential causes of index stroke
o Rationale for patients to withdraw from the trial, efforts undertaken to
minimize patient withdrawals and the proportion of control patients who
withdrew from the trial to pursue PFO closure outside of the trial
o Reason for lack of divergence of Kaplan-Meier curves for time to primary
endpoint in the intention to treat population until after 1 year
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4.7

o Request for updated data on new clinical events, particularly primary endpoint
events
o Current status of the PC Trial, another randomized controlled trial of the
AMPLATZER PFO Occluder, conducted outside the U.S.
o Clinical study report on the PFO ACCESS Registry
In February 2014, SJM submitted a response to FDA’s February 2013 letter.
In April 2014, SJM filed a PMA amendment regarding a potential narrower indication
for patients with atrial septal aneurysm (ASA, defined as excursion of the septum
primum ≥10mm) or substantial (grade III) right-to-left shunt at rest or during Valsalva.
In September 2014, FDA issued a deficiency letter, which included, but was not
limited to, requests for information about the following topics:
o Comprehensive review of the clinical literature to address the selection of the
specified subgroup and proposed indications for use
o Listing and narratives for suspected stroke or transient ischemic attack (TIA)
events who underwent Clinical Events Committee (CEC) adjudication and
were found not to fulfil criteria for primary endpoint events
o Whether a core lab confirmed the metrics used for the definitions of shunt and
ASA and test-to-test variability
o Safety and effectiveness outcomes in the subgroup of patients excluded from
the narrowed indication
o Request for update on trial endpoint data
o Potential narrower indication and subgroup identification was not pre-specified
(FDA and SJM agreed not to pursue this)
In February 2015, SJM met with FDA to define the pathway forward for the PMA.
In September 2015, SJM submitted responses to the September 2014 questions, as well
as a clinical study report which included extended follow-up results on the overall trial
population (August 2015 data lock).
In December 2015, SJM provided FDA with an individual patient-level meta-analysis
publication on randomized controlled PFO occluder trials.
Proposed Indication for Use

St. Jude Medical is seeking Premarket Approval for the AMPLATZER PFO Occluder with the
following proposed indication:
“The AMPLATZER PFO Occluder is intended for percutaneous, transcatheter
closure of a patent foramen ovale (PFO) to prevent recurrent ischemic stroke in
patients who have had a cryptogenic stroke due to a presumed paradoxical
embolism.”
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In 2006, the medical regimen of aspirin combined with clopidogrel was eliminated from the
protocol based on the updated American Heart Association/American Stroke Association
guidelines (Sacco et al, 2006).
For MM patients, physicians were allowed to change the medical regimen after randomization as
long as it remained within the confines of the medical regimens specified in the protocol.
Patients in the Device arm were to be implanted within 21 days of randomization, after which
they were required to receive clopidogrel daily for 1 month and aspirin daily for 6 months. After
6 months, the medical regimen was at the investigator’s discretion.
The primary results are based on a data lock date of May 2012, which included approximately
1,400 device patient-years of follow-up and a median of 2 years of follow-up per patient.
Although enrollment has concluded, follow-up in the trial has been ongoing since the initial
PMA submission, with an average of 5 years of follow-up per patient and over 5000 total
patient-years of follow-up (2769 in the Device arm and 2376 in the MM arm). Follow-up will
continue until a regulatory decision on the AMPLATZER PFO Occluder is reached. The primary
results and results from extended follow-up form the basis for seeking approval of the
AMPLATZER PFO Occluder for commercial use in the United States.
The primary results of the trial were published in the New England Journal of Medicine in March
of 2013 (Carroll et al, 2013). A copy of the article is included in Appendix G.
Figure 4:

RESPECT Trial Design
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Trial Objective

5.2

The objective of the trial is to investigate whether percutaneous PFO closure is superior to
standard of care medical treatment in the prevention of recurrent ischemic stroke.
5.3

Trial Oversight

Several committees were utilized for trial governance and to review and adjudicate endpoint and
safety data:


A Steering Committee was the governance board throughout the duration of the trial.
Its role was to provide input into trial design and oversee execution, ensure overall trial
integrity, answer questions regarding medical practice standards of care, address
patient-related or clinical issues, interact with trial investigators, regulatory agencies,
and other stakeholders, provide guidance on data analysis and interpretation, and
oversee the dissemination of results through publications and presentations.



An independent Data Safety Monitoring Board (DSMB) adjudicated all reported
adverse events for seriousness and relatedness, and reviewed study progress with
regard to safety and interim analyses.



An independent Clinical Events Committee (CEC), which was blinded to
randomization assignment and treatment, adjudicated potential neurologic events and
deaths to determine whether the event met primary and secondary endpoint definitions.
The committee consisted of a neurologist, a cardiologist and a neuroradiologist.



An independent Echocardiography Core Laboratory adjudicated PFO closure status at
6 months for Device patients who received a device.



Upon completion of the primary endpoint analysis, an ASCOD adjudication committee
was formed in order to determine the mechanisms of recurrent strokes. This committee
consisted of the two neurologists from the Steering Committee and the
neuroradiologist from the CEC.

Appendix A outlines the membership of the above committees.
5.4

Trial Endpoints and Statistical Methodology

5.4.1

Primary Endpoint

The primary endpoint of the trial was a composite of:


Fatal ischemic stroke



Recurrent nonfatal stroke: defined as acute focal neurological deficit presumed to be
due to focal ischemia, and either 1) symptoms persisting 24 hours or greater, or 2)
symptoms persisting less than 24 hours but associated with MR or CT imaging
findings of a new, neuroanatomically relevant, cerebral infarct



Post-randomization death: defined in the MM arm as all-cause mortality within 45
days after randomization, and in the Device arm as all-cause mortality 30 days after
implant or 45 days after randomization, whichever occurs last
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The primary trial hypothesis was to demonstrate a significant relative risk reduction for the
primary endpoint in Device patients compared to MM patients.
5.4.2

Secondary Endpoints

Secondary endpoints included the following:


Absence of recurrent symptomatic, cryptogenic, nonfatal stroke or cardiovascular
death



Absence of transient ischemic attack (TIA)



PFO closure assessment: Complete closure of the defect demonstrated by TEE and
bubble study at the 6-month follow-up and adjudicated by the Echocardiography Core
Laboratory for the Device arm. Complete closure is defined as an absence of
microbubbles in the left atrium at rest and during Valsalva within 3 cardiac cycles after
right atrial opacification.

The secondary endpoints did not adjust for multiple testing and, thus, SJM considers the results
to be exploratory.
5.4.3

Sample Size Determination

RESPECT was designed as an event-driven trial. At the time of the trial design, it was assumed
that the AMPLATZER PFO Occluder would demonstrate a 75% relative risk reduction
compared to MM in the rate of primary endpoint events. This assumption was derived from the
event rates in the published literature on observational studies:


In patients treated with medical therapy, the 2-year rate of stroke or death was
estimated as 4.3% (Bogousslavsky et al, 1996; DeCastro et al, 2000; Mas et al, 1995).



In patients receiving the AMPLATZER PFO Occluder or other PFO closure devices,
the 2-year rate of stroke or death was estimated as 1.05% by averaging across results in
the published literature (Beitzke et al, 2002; Brandt et al, 2002; Butera et al, 2001;
Martin et al, 2002; Onorato et al, 2003; Sievert et al, 2001).

It was determined that 25 primary endpoint events would provide at least 80% power at the twosided 5% significance level to detect a 75% relative risk reduction.
5.4.4

Statistical Analyses

Initially, the statistical analysis plan specified a comparison of the raw count of primary endpoint
events in each of the arms using Fisher’s exact test. This was based on an assumption that the
distributions of follow-up time would be approximately equal in the two arms. Over the course
of the trial, differential follow-up was observed between the two arms, with MM patients having
a higher rate of withdrawal. In order to address differential follow-up, the analysis plan was
revised prior to unblinding to reflect that the log-rank test would be used to evaluate the primary
endpoint.
Cox proportional hazards models were used to estimate the hazard ratio for primary endpoint
events between the Device and MM arms. Accounting for patient follow-up does not eliminate
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bias due to patient drop-out; therefore, sensitivity analyses were conducted to understand the
impact of drop-out on the primary endpoint analysis results.
Enrollment in RESPECT continued until 25 primary endpoint events were observed. The
database was locked for analysis in May 2012 for the PMA submission.
5.4.5

Analysis Populations

Two analysis populations were specified in the protocol: the intention-to-treat (ITT) population
and the supportive Per-Protocol population, described below:


ITT Population: This population includes all randomized patients. Patients are
analyzed according to their randomized treatment, regardless of whether or not they
received the assigned treatment. The analysis compares patients based on the
randomized assignment.



Per-Protocol Population: This population includes only patients who adhered to all
significant clinical trial protocol requirements. This population therefore excludes
patients from analysis who violated key eligibility criteria, did not ultimately receive
the therapy to which they were randomized, or did not comply with one of the protocol
required medical regimens. This analysis compares patients based on the randomized
assignment but who adhered to all significant protocol requirements. The RESPECT
Steering Committee defined non-compliance to medical regimen as a compliance level
less than 67%, which was based on optimal time in therapeutic range for oral
anticoagulant therapy. Compliance was measured by calculating the proportion of total
follow-up duration in which the patient was compliant to any one of the protocoldefined medical regimens.

Exploratory analyses have also been conducted on two additional patient populations, As Treated
(AT) and Device in Place (DIP).


AT Population: This population includes patients who received a protocol-specified
treatment regardless of how they were randomized. Therefore, patients randomized to
the Device arm, who refused a device but were >67% compliant with a protocolspecified medical regimen are included in the analysis. The analysis compares patients
based on actual protocol treatment received.



DIP Population: This population includes all randomized patients. The analysis
compares patients based on device implanted and in place at the time of the primary
endpoint event, regardless of adherence to the protocol.

See Table 33 and Table 34 in Appendix D for details on the analysis for each population and
Table 35 for patient accountability and Table 36 for reconciliation of events in each of the
analysis populations.
5.5

Inclusion/Exclusion Criteria

Patients 18 to 60 years of age with a PFO who had experienced a cryptogenic ischemic stroke
(i.e., stroke from an undetermined mechanism) within the last 270 days were eligible for the trial.
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epidemiologic studies as a sensitive measure for stroke detection. The interview asks
patients about the occurrence of symptoms in any of 6 major domains, including
weakness, dizziness, or problems with speaking, vision, or sensation. If new stroke or
TIA symptoms were identified, the Neurologic Symptoms Detailed Interview, and the
Neurologic Endpoint Assessment & Diagnosis form were also completed by the
investigator. Copies of these forms can be found in Appendix C.
5.7.2

Recurrent Stroke Etiology Adjudication

For events adjudicated by the CEC as meeting the definition of a primary endpoint stroke event,
the etiology was further classified according to the TOAST classification system (Adams et al,
1993). This system classifies strokes as one of the following:


large-artery atherosclerosis



cardioembolism



small-vessel occlusion



stroke of other determined etiology, and



stroke of undetermined etiology

The TOAST classification system was used to assess the secondary endpoint of recurrent
symptomatic, cryptogenic, nonfatal stroke or cardiovascular death. Determination of whether a
stroke was cryptogenic was based on the TOAST system.
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The Kaplan-Meier freedom from first recurrent ischemic stroke curves for the Per-Protocol
population are shown in Figure 7. The figure shows that the hazard ratio is 0.37 (95% CI 0.14,
0.97), representing a statistically significant relative risk reduction for stroke in the Device arm
of 63% (p=0.034).
Figure 7:
Kaplan-Meier Freedom from Recurrent Ischemic Stroke, Per-Protocol
Population – Primary Assessment

Sensitivity Analyses to Address Missing Data for Per-Protocol Population (Post-Hoc)
As of the primary assessment, 34 Device patients and 83 MM patients in the Per-Protocol
population discontinued from the trial without experiencing a primary endpoint event. A
sensitivity analysis was conducted to assess the impact of discontinued patients on the PerProtocol analysis results.
As noted earlier, 6 Device patients and 14 MM patients experienced a primary endpoint recurrent
ischemic stroke event in the Per-Protocol population. Thus, the observed event rates in Device
and MM arms were 0.42 and 1.19 per 100 patient-years, respectively. Missing follow-up in each
of the Per-Protocol Device and MM arms that would have occurred through the cut-off date if
patients had not discontinued from the trial were 90 and 321 patient-years, respectively.
A commonly accepted method to assess the impact of missing data is a tipping point analysis.
This analysis determines how many events need to have occurred in the treatment (i.e., Device)
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arm in order to “tip” the analysis from being statistically significant to statistically insignificant
(i.e., p > 0.05). Therefore, we performed simulations that imputed for all missing follow-up as
follows (Note: this analysis has not been reviewed by FDA):


The event rate among those patients missing data in the MM arm is assumed to accrue
at the same rate as that observed in the trial (1.19 events per 100 patient-years). This
represents a favorable assumption given that patients who withdrew had a higher
prevalence of stroke risk factors. With 321 additional patient-years of follow-up, we
would expect 4 additional events (i.e., 1.19 events/patient-year × 321 patient years of
missing data ÷ 100 = 3.82 events).



Additional events were added to the Device arm until the p-value for the Per-Protocol
analysis was no longer significant. Ultimately, 4 events needed to be added to the
Device arm among patients with missing data, for a rate of 4.4 events per patient-year,
to derive a p-value greater than 0.05. Specifically, 4.4 events/patient-year × 90 patient
years of missing data ÷ 100 = 4 events.

With this in mind, the question is whether the additional events needed to “tip” the analysis is
clinically plausible. Assuming a constant event rate in the MM arm, the required event rate
among missing data in the Device arm to tip the Per-Protocol analysis to statistical insignificance
(i.e., 4.4 events per 100 patient-years) equates to a rate that is more than 10 times as high as that
observed among Device patients with complete data in the trial. This assumption appears to be
clinically unlikely, providing reasonable assurance of the findings in the Per-Protocol analysis.
6.5.3 Exploratory Analyses in Additional Patient Populations (As Treated and Device In
Place)
The AT and DIP populations have been previously described (Section 5.4.5). In summary, the
AT population is intended to characterize device effectiveness based on actual protocol treatment
received, and the DIP population is intended to characterize device effectiveness based on
whether or not a device was in place, regardless of adherence to the protocol.
In the AT analysis, the device was shown to be effective in reducing the risk of recurrent
ischemic stroke compared to protocol-recommended MM. The hazard ratio for a primary
endpoint stroke for device vs MM is 0.28, representing a relative risk reduction for stroke of 72%
with the device.
In the DIP analysis, the device was shown to be effective in reducing the risk of recurrent
ischemic stroke compared to no device. The hazard ratio for a primary endpoint stroke for device
vs MM is 0.30, representing a relative risk reduction for stroke of 70% with the device.
Figure 8 summarizes the results on each of analysis populations. In all analyses populations,
there is a relative risk reduction for recurrent ischemic stroke with the device.
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Figure 9:
Kaplan-Meier Freedom from Composite Endpoint of Recurrent
Symptomatic Cryptogenic Nonfatal Stroke or Cardiovascular Death, ITT Population –
Primary Assessment

6.5.4.2 Transient Ischemic Attack (TIA)
The secondary composite endpoint of TIA showed a hazard ratio of 0.90 [95% CI: 0.32, 2.57, p
= 0.846] (Figure 10). Inclusion of TIAs likely introduces noise in the analysis and potentially
dilutes treatment effect.
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based on the premise that incidental PFOs are more likely to be small with a miniscule degree of
right to left shunting and not have excessive mobility of the septum primum. Additional post-hoc
subgroups, such as age, sex, index infarct topography and planned medical regimen, were
investigated to assess potential heterogeneity of device effect. The following is a list of all
variables investigated for these subgroup analyses:







Age (18-45 and 46-60 years)
Sex (male and female)
Shunt size (none/race/moderate and substantial)
Atrial septal aneurysm (present and absent)
Index infarct topography (superficial, small deep and other)
Planned medical regimen (anticoagulant and antiplatelet)

The Cox proportion hazards model was used to test for interaction between treatment arm
(Device or MM) and baseline variable. The model included treatment arm, the baseline variable,
and an interaction term for treatment and the baseline variable. A forest plot for each of the
above subgroups is shown in Figure 11 for the ITT population. At the 10% significance level, the
analysis suggests that the device may provide an even greater benefit in patients with substantial
shunt size or patients with ASA. However, given that the ITT results did not meet the endpoint
and the modest number of events, these results must be interpreted with caution.
Figure 11:

Forest Plot for Subgroup Analysis, ITT Population – Primary Assessment

Page 37 of 114

AMPLATZER PFO Occluder Executive Summary
Circulatory System Devices Panel

6.5.6

Post-Hoc ASCOD Characterization of Recurrent Strokes

Rationale
One of the principal assumptions underlying the primary endpoint of the RESPECT trial was that
the preponderance of recurrent ischemic strokes in the trial would be due to recurrent PFOrelated events, and would, therefore, be amenable to PFO closure. PFO closure can only reduce
the risk for recurrent stroke mediated by paradoxical embolism, as it cannot prevent strokes
stemming from other common mechanisms.
As patients age, they are exposed to a rising tide of traditional stroke risk factors. At the time of
the extended follow-up analysis, the RESPECT trial had been ongoing for approximately 12
years – far beyond what was anticipated at the time of the trial design. As such, the RESPECT
trial was not designed a priori to account for an appreciable number of recurrent strokes from
non-PFO related mechanisms.
Methodology
At the recommendation of the RESPECT Steering Committee, a blinded committee was formed
after the primary endpoint analysis was completed to further characterize the mechanisms of
recurrent stroke events. This committee used ASCOD phenotyping, which evaluates the presence
or absence of underlying disease states commonly encountered in ischemic stroke and assigns a
degree of likelihood that the ischemic stroke can be attributed to that disease (Amarenco et al,
2013). The committee reviewed all of the primary endpoint recurrent ischemic stroke events
adjudicated by the CEC. Throughout the adjudication process, the ASCOD committee was
blinded to randomization assignment. The five predefined phenotypes are:


A (atherosclerosis)



S (small vessel disease)



C (cardiac pathology)



O (other cause)



D (dissection)

Each phenotype is assigned a Grade: 1, if present and potentially causal; 2, if present and causal
link is uncertain; 3, if present and causal link is unlikely; 0, if the disease is absent; and 9, if
workup is insufficient for grading. If a recurrent stroke in RESPECT could not be attributed to
one of the 5 phenotypes, it was considered a stroke of undetermined mechanism, and possibly
due to paradoxical embolism.
Phenotyping of strokes during primary assessment period, extended follow-up, and overall
Application of ASCOD phenotyping on the 25 recurrent ischemic strokes in primary assessment
showed that 19 (76%) were of undetermined mechanism, 7 in Device arm and 12 in MM arm
(Table 18). Of the 7 strokes of undetermined mechanism that occurred in the Device arm, 3 were
in patients who did not have a device implanted at the time of the stroke.
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Warfarin Use in the Device Arm Among Patients with VTE
In the Device arm, 22 of the 24 VTE events occurred in patients who were not on anticoagulation
therapy at the time of the event. Of the two remaining events, one occurred in a patient who had
undergone left total knee arthroplasty 5.5 years after implant, had started warfarin post-surgery,
but did not have a therapeutic INR at the time of the event, and one occurred in a patient on
warfarin with a therapeutic INR who had experienced a previous VTE during the trial while not
on warfarin.
Clinical Summary of VTE Events in Device Arm


Four (4) VTEs were procedure- or device-related (all within 6 months of procedure).
o 3 VTEs were serious, and were described in Sections 7.3 and 7.4. In two cases,
the patients recovered without effects. In the third case, the patient’s shortness
of breath had improved 18 months after the event, but had not completely
resolved.
o 1 VTE was assessed as procedure-related but was not serious. The event was
noted nine days post-implant while the patient was hospitalized for a
cerebrovascular event b(6)
Intravenous heparin and warfarin treatment were
initiated and the patient was discharged home 3 days later on warfarin. The
patient recovered with no residual effects.



Twenty (20) VTEs were not procedure- or device-related. The first VTE occurred at a
median of 26 months post-procedure (range 9 to 100 months).
o 8 VTEs occurred in the setting of current or recent conditions or events that
may have provoked a VTE. These included recent surgery (n = 3), active
malignancy (n = 2), motor vehicle accident trauma (n = 1), right and left heart
catheterization (n = 1), and immobility (n=1).
o 3 VTEs occurred in the setting of underlying venous disease (phlebitis or
chronic vein wall thickening with incomplete compression following recent leg
injury).
o 3 VTEs occurred in the setting of a hypercoagulable state.
o 6 VTEs occurred in the absence of an identified risk factor.

Resolution of VTE Events in Device Arm
Of the 24 VTEs in the Device arm, 16 resolved with no residual effects or long-term sequelae.
Three VTEs that occurred in 3 patients resolved with some residual effects. Five VTEs in 5
patients had not resolved as of the lock of the extended follow-up database:


One patient had ongoing shortness of breath after a PE event.



One patient continued to wear compression stockings after a DVT event.



One patient had ongoing symptoms of edema and pain in left leg after a DVT event.



One patient who was found dead more than 6 years after the device implant had PE
noted as the cause of death on autopsy.
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One patient who had metastatic colon cancer died without PE resolution.

Predictors of VTE in Device Arm
Chi-square tests or t-tests were used to evaluate predictors of the 14 patients with an unrelated
VTE in the Device arm (all occurred more than 6 months post-implant). The rationale for
modeling unrelated VTEs is to associate VTEs with the patient’s baseline factors, rather than the
procedure or device. Demographic and baseline characteristics for patients who experienced a
late VTE were compared with those in the remaining patients. The following variables emerged
as predictors of VTE (at the 10% significance level):


History of DVT (5/14 vs. 15/485, p < 0.001)



NIHSS score (2.0 ± 3.3 vs. 0.8 ± 1.7, p = 0.015)



Assigned to warfarin at baseline (7/14 vs. 125/485, p = 0.061)



Family history of stroke (7/14 vs. 129/481, p = 0.069)

As noted in Section 6.4.3, MM patients were nine times as likely as Device patients to be on
warfarin during follow-up. This suggests that warfarin therapy should be seriously considered in
patients at high risk for VTE following PFO closure. The AMPLATZER PFO Occluder
Instructions for Use includes a warning and post-procedural recommendations for the use of
anticoagulants in patients at high risk for VTE. The impact of patients’ medical histories on
appropriate medical management after PFO closure to reduce the occurrence of VTE will be one
component of the physician training program, and will be evaluated in the post-approval studies.
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8

PC TRIAL

The PC trial was a physician-initiated, prospective, multicenter, randomized controlled trial of
the AMPLATZER PFO Occluder conducted outside the US in patients with a PFO and
cryptogenic ischemic stroke or extracranial peripheral thromboembolic event. SJM provided
some financial support but was not the sponsor of the trial.
The trial randomized 414 patients, 204 to receive the device and 210 to medical management.
The trial was powered to detect a reduction in annual incidence of recurrent thromboembolic
events from 3% per year to less than 1% per year in patients with percutaneous PFO closure,
assuming an average follow-up of 4.5 years, successful PFO closure in 95% of patients
randomized to device, and annual loss to follow-up rate of 0.5%. The trial enrolled patients
between 2000 and 2009.
There were 7 primary endpoint events in the Device arm and 11 in the MM arm. The trial did not
demonstrate a statistically significant reduction in the primary composite endpoint of death,
nonfatal stroke, TIA or peripheral embolism (HR: 0.63; 95% CI: 0.24, 1.62; p = 0.34). Similar to
the results observed in RESPECT, there did not appear to be an impact of PFO closure on the
rate of TIA (HR: 0.71; 95% CI: 0.23, 2.24; p = 0.56). In an exploratory analysis where stroke
outcomes were assessed using the stroke definition from the RESPECT trial, the PC trial
demonstrated a hazard ratio of 0.14 (95% CI: 0.02, 1.17, p = 0.07) (Note: this exploratory
analysis is included in the PC trial results publication).
SAEs were reported in 43 device patients (21.1%) and 37 MM patients (17.6%). New onset atrial
fibrillation was reported in 6 device patients (2.9%) and 2 MM patients (1.0%). There were no
reports of thrombus on the device.
The results of the PC Trial were published in the New England Journal of Medicine in March
2013 (Meier et al, 2013). A copy of this article can be found in Appendix G.
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Figure 15:
Patient-Level Effectiveness Meta-Analysis of AMPLATZER PFO Trials with
Adjustment for Baseline Covariates1

* Note: Hazard ratios are adjusted for: age, sex, coronary artery disease, diabetes, hypertension,
hyperlipidemia, prior stroke, smoking status, atrial septal aneurysm, shunt size
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12

PHYSICIAN TRAINING

SJM has developed a standardized methodology for providing physicians with education and
training on appropriate patient selection, safe implantation of the AMPLATZER PFO Occluder,
and post-procedure care for patients implanted with the AMPLATZER PFO Occluder.
The physician training program covers patient selection, implanting physician qualification, and
implant and post-procedure training.
12.1

Patient Selection

SJM believes that proper patient selection is key to ensuring that the benefits of PFO closure
with the AMPLATZER PFO Occluder outweigh the risks of the procedure. SJM will train
physicians per the American Heart Association (AHA) and the American Stroke Association’s
(ASA) Healthcare Professional Guide for the diagnosis and treatment of cryptogenic stroke
(AHA/ASA, 2015). Specifically, physicians will be trained that the diagnosis of cryptogenic
stroke should include, at a minimum, the following (Jauch et al, 2013):










Noncontrast brain CT or brain MRI
Blood glucose
Oxygen saturation
Serum electrolytes/renal function tests
Complete blood count, including platelet count
Markers of cardiac ischemia
Prothrombin time/INR
Activated partial thromboplastin time
Electrocardiogram

In order to ensure appropriate patient selection, the didactic training will also include a review of
the AHA/ASA Stroke Prevention in Patients with Stroke or TIA Guidelines and specify the need
for a multi-disciplinary team to include a neurologist and an interventionalist. An independent
neurologist confirmation of the cryptogenic stroke diagnosis and recommendation for PFO
closure for the patient should be obtained.
12.2

Implanting Physician Training Program

SJM will train physicians qualified for left atrial procedures via the right atrium to implant the
AMPLATZER PFO Occluder. The training will consist of mandatory physician didactic training
and case support.
Physician Didactic Training
The physician didactic training will consist of:






Device overview and preparation
Appropriate patient selection
Clinical data review
Step by step procedure review
Post procedural patient care, including antithrombotic therapy
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Case Support
Case support will be provided by trained SJM personnel and, as appropriate, a SJM-assigned
physician proctor. Implanters with at least 25 AMPLATZER septal closure procedures will have
their first cases proctored by certified SJM personnel, who will document that the implanter is
ready to independently complete the procedure in the future.
Implanters with fewer than 25 AMPLATZER septal closure procedures will have their first cases
proctored by certified SJM personnel and an SJM-certified proctor. The physician proctor will
certify the implanter is ready to independently complete the procedure in the future. If further
proctoring is needed, a physician proctor is required to attend future cases until proficiency of the
implanter is certified by the physician proctor.
Physician proctor training will include the online didactic module. Prior to being certified as a
proctor, physicians must demonstrate successful presentation of the didactic module and
complete 25 AMPLATZER septal closure procedures as the primary implanter within the last
two years.
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POST-APPROVAL CLINICAL PROGRAM

SJM will work interactively with the Office of Surveillance and Biometrics (OSB) Epidemiology
Division and in consultation with the Agency’s Clinical Reviewer, Lead Reviewer and other
members of the FDA to further define the Post Approval Study (PAS) methodology, assumptions
and requisite elements. Careful consideration will be paid to the observations and findings
elucidated from the RESPECT trial. As such, the PAS proposal will include specific design
elements to assure continued monitoring of safety and effectiveness of the AMPLATZER PFO
Occluder in the post-approval setting and outside of the controls of the randomized clinical trial.
The objective of the proposed post approval clinical program is to assess long-term safety and
effectiveness of the AMPLATZER PFO Occluder. The proposal is for two non-randomized
studies intended to: (i) evaluate the existing RESPECT patient population, (ii) evaluate new
patients enrolled under real-world clinical conditions. The first study (PAS1, continued followup of current RESPECT patients) is follow-up of active RESPECT patients through a minimum
of 5 years (Section 13.1). The second study (PAS2, a new enrollment study) is a prospective
post-approval study in the United States (Section 13.2).
13.1

PAS1 – Continued Follow-up of Current RESPECT Patients

Study Design
PAS1 is designed to report on the continued follow-up of patients from the RESPECT IDE trial.
Patients active in the RESPECT trial will be followed through the 5-year follow-up visit. No
additional patients will be enrolled in this post-approval study. The last patient was enrolled in
the RESPECT IDE trial in Dec 2011. All patients are expected to complete 5-year follow-up by
March 2017.
Endpoints and Statistical Analyses
The PAS1 endpoints are as follows:



Rate of recurrent ischemic stroke at 5 years
Rate of serious adverse events at 5 years

The 5-year rates of the primary endpoint in the Device and MM arms of the RESPECT trial will
be summarized via Kaplan-Meier estimates. The hazard ratio for the primary endpoint will be
estimated from a Cox proportional hazards model and presented along with 95% confidence
intervals. Freedom from SAEs in the Device and MM arms at 5 years will be summarized by
Kaplan-Meier estimates. Each adverse event type will be summarized within each arm by the
number of events and the rate of occurrence per patient-year of follow-up.
13.2

PAS2 – New Enrollment Study

Study Design
This study is a single arm, multi-center post-approval study that will assess the long-term safety
and effectiveness of the AMPLATZER PFO Occluder. This study is comprised of patients not
currently implanted with the AMPLATZER PFO Occluder, who, following a screening process
to confirm eligibility, will be implanted and followed under this post-approval study. Patients
who were previously in the RESPECT MM arm may be eligible for this study.
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Study Population
The PAS2 study population consists of patients who are intended for percutaneous, transcatheter
closure of a PFO who have had a cryptogenic ischemic stroke due to a presumed paradoxical
embolism. In order to ensure appropriate patient selection, patients will be evaluated by a
neurologist to determine if the qualifying stroke is a cryptogenic stroke.
Study Procedures
Following a screening process to confirm eligibility for PFO closure with the AMPLATZER
PFO Occluder, patients will be implanted and followed under a non-randomized, prospective
registry. Patients will have follow-up visits 1, 6, and 12 months post-procedure, and annually
thereafter through 5 years post-procedure. All patients will be consented for follow-up of a
minimum of 5 years to assure a comprehensive evaluation of the long-term safety and
effectiveness profile of the AMPLATZER PFO Occluder. Patients will undergo a transthoracic
echocardiogram (TTE) at the 12-month follow-up visit to determine the status of PFO closure.
Endpoints and Statistical Analyses
The study has two co-primary endpoints for safety and effectiveness. Both primary safety and
effectiveness endpoints must be met in order for the study to be declared successful. The primary
safety and effectiveness endpoints are listed below.
Primary Safety:
The primary safety hypothesis is based on the proportion of patients experiencing at least one of
the following device- or procedure-related SAEs through 5-year follow-up:








New-onset atrial fibrillation
Pulmonary embolism
Device thrombus
Device erosion/embolization
Major Bleeding requiring transfusion
Vascular access site complications requiring surgical intervention
Device- or procedure-related serious adverse event leading to death

Hypothesis: The rate of primary safety endpoint at 5-years is less than the pre-specified
performance goal of 4.0%.
The hypothesis test for the primary safety endpoint is as follows:
H0: p ≥ 4.0%
H1: p < 4.0%
where p is the probability of a patient experiencing a primary safety endpoint. Analysis of the
endpoint will include patients who are attempted to be implanted with the AMPLATZER PFO
Occluder. Analysis of the endpoint will be carried out when all patients reach 5-year follow-up.
An implant attempt is defined as the AMPLATZER PFO Occluder delivery system entering the
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body. The null hypothesis will be rejected if the 95% upper confidence bound (UCB) for p is less
than 4.0%. The upper confidence bound will be calculated by the Greenwood method.
The primary safety endpoint event rate at 5 years is assumed to be 2.0%. This assumption is
based on the adverse event data through extended follow-up in the RESPECT trial.
Primary Effectiveness:
The primary effectiveness endpoint is a composite of the following events at 5 years:



recurrent non-fatal ischemic stroke
fatal ischemic stroke

Hypothesis: The rate of primary effectiveness endpoint at 5-years is less than the pre-specified
performance goal of 4.4%.
The primary effectiveness hypothesis is based on the probability of a patient experiencing a
primary effectiveness endpoint (π), and is as follows:
H0: π ≥ 4.4%
H1: π < 4.4%
Analysis of the endpoint will include patients who are successfully implanted with the
AMPLATZER PFO Occluder. Analysis of the endpoint will be carried out when all patients
reach 5-year follow-up. The analysis will be carried out by estimating the 5-year rate using the
Kaplan-Meier method. The null hypothesis will be rejected if the 95% UCB for π is less than
4.4%. The upper confidence bound will be calculated by the Greenwood method.
The primary effectiveness endpoint event rate at 5 years is assumed to be 2.2%. This assumption
is based on the 5-year Kaplan-Meier rate of ischemic stroke for subjects who received a device in
the Device arm of the RESPECT trial using the extended follow-up dataset.
Descriptive Endpoints:
The study will also collect and report on the following descriptive endpoints:






TIA – defined similarly to the event definition used in the RESPECT protocol
Effective closure – PFO shunt assessments; grade 0 or 1 at rest and Valsalva as
assessed by TTE at 12 months
Complete closure – PFO shunt assessments; grade 0 at rest and Valsalva as assessed by
TTE at 12 months
Technical success (applicable only to patients in whom device closure is attempted),
defined as successful delivery and release of the AMPLATZER PFO Occluder for
patients in whom delivery system entered the body
Procedural success (applicable only to patients in whom device closure is attempted),
defined as successful implantation of the AMPLATZER PFO Occluder with no
reported in-hospital SAEs
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Sample Size
The sample size was calculated by simulation of the primary safety and effectiveness endpoints.
Events for the primary safety and effectiveness endpoints were simulated from a binomial
distribution. The primary endpoints will be analyzed when all subjects reach 5-years of followup. With 604 subjects, the trial would have 93% and 90% power at a significance level of 5% to
reject the null hypotheses for effectiveness and safety, respectively. Assuming a 5-year attrition
rate of 25%, 806 subjects are required to be enrolled.
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BENEFIT-RISK CONCLUSION

Unlike most stroke patients who are elderly and have a number of age-related diseases such as
atherosclerosis, hypertension, diabetes and atrial fibrillation, patients who experience a
cryptogenic stroke are typically much younger (i.e., average age of 45 years), and the effects are
more disruptive. In patients with a cryptogenic stroke and a PFO, a paradoxical embolism is a
likely mechanism for the stroke. Medical management alone does not eliminate the risk for a
recurrent stroke. Safely closing the PFO with appropriate concomitant medical management can
offer these patients an option to further reduce the risk for recurrent stroke.
The goal of the RESPECT trial was to determine whether PFO closure with the AMPLATZER
PFO Occluder reduces the risk of recurrent stroke compared to standard of care medical therapy.
RESPECT is the longest stroke-prevention PFO device trial conducted (spanning over a decade)
in the largest cohort of patients. The trial was difficult to design, enroll, and execute due to the
environment of 1) availability of the device under an HDE from 2003 to 2006, and 2) rampant
off-label closure of PFOs using other closure devices.
The trial assumed a recurrent ischemic stroke rate of 4.3% at 2 years in patients managed
medically equating to an annualized event rate of 2.2 per 100 patient-years. However, the event
rate observed in the trial was about half of that anticipated, 1.2 per 100 patient-years. Whereas
the absolute annual risk of stroke for patients managed medically is low, a 50% reduction in risk
of stroke can be meaningful for young to middle-aged patients with many decades of life before
them. The results of the RESPECT trial support a low number needed to treat (NNT) of 21
patients to prevent one stroke through 5 years (i.e., based on Per-Protocol analysis, 5-year rates
were 5.9% in Device arm and 1.2% in MM arm, with an NNT = 1/(0.059-0.012).2 This number
needed to treat must be placed within the context of several well-established pharmacologic
secondary stroke prevention treatments, which showed NNTs ranging from 15 to 38 over
approximately 2 years (Bandolier).
Despite the limitations stemming from patient discontinuation from RESPECT, sensitivity
analyses demonstrated that the results are robust to missing data. Exploratory analyses conducted
on various analysis populations are also supportive of a large positive device effect. Metaanalysis combining individual patient-level data from the RESPECT and PC trials demonstrated
statistically significant superiority of the device in reducing the risk of recurrent ischemic stroke.
Through extended follow-up, the device demonstrated a marked reduction in the risk of
subsequent stroke of undetermined mechanism. The substantial device effect is attributed to the
PFO closure mechanism which prevents blood clots from travelling from the venous to the
arterial system.
RESPECT had rigorous exclusion criteria to exclude strokes of known mechanism. In all cases,
the qualifying stroke resulted in clinical symptoms, and in the large majority of patients, the
qualifying stroke was imaging confirmed. The diagnosis of cryptogenic stroke was based on
results of baseline tests and assessments which are conducted as the standard of care by vascular
neurologists on stroke patients. Despite the rigorous criteria to rule out known mechanisms of
stroke in the RESPECT population, strokes of known mechanism emerged as they aged during
the long trial follow-up.
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SJM recognizes the importance of patient selection and the need for implanting physicians to be
properly trained. The company will provide a rigorous and comprehensive training and
education program to ensure that patients are appropriately selected and treated with the
AMPLATZER PFO Occluder.
The totality of the data collected on the AMPLATZER PFO Occluder demonstrates that the
device can be safely implanted. The RESPECT trial has demonstrated that the AMPLATZER
PFO Occluder is a device with a safe implantation procedure and a favorable long-term safety
profile. The trial showed a 5% rate of procedure- or device-related serious adverse events. Nearly
all of the procedure- or device-related serious adverse events resolved without long-term
sequelae. There were no procedure- or device-related deaths. Finally, there were no intraprocedural strokes, device embolizations or reports of thrombus on the device or device erosions
in RESPECT.
In the United States, medical management with antiplatelet or anticoagulant or surgical closure
of a PFO are the only currently available therapies to treat patients with a PFO who have
experienced a cryptogenic stroke. PFO closure outside of the RESPECT trial pursued by some
patients randomized to medical management underscores the unmet need for device-based PFO
closure. Approval of the AMPLATZER PFO Occluder will provide patients younger than 60
years of age with decades of life before them, and their physicians, an additional safe and
effective treatment option to further reduce the risk of a future stroke. Approval will also provide
an on-label percutaneous option that has been vetted and provides labeling and guidance for
physicians and patients. Considering the life-long benefit of protection from a paradoxical
embolism and the very low incidence of adverse complications associated with the device, the
benefits of the device outweigh the risks associated with the device. SJM’s patient satisfaction
survey results indicated satisfaction with being randomized to the device arm more often than to
the medical management arm, suggesting that some patients may prefer this option. Proper
patient selection emphasized via a comprehensive training program will further ensure that the
benefits of PFO closure with the AMPLATZER PFO Occluder outweigh the risks in the young
and middle-aged patients for whom it is intended.
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APPENDIX B: INCLUSION/EXCLUSION CRITERIA

Inclusion Criteria
Patients with a PFO who have had a cryptogenic stroke within the last 270 days.
Exclusion Criteria
a) Atherosclerosis or other arteriopathy of the intracranial and extracranial vessels
of >50% of lumen diameter supplying the involved lesion
b) Intracardiac thrombus or tumor
c) Acute or recent (within 6 months) myocardial infarction or unstable angina
d) Left ventricular aneurysm or akinesis
e) Mitral valve stenosis or severe mitral regurgitation irrespective of etiology
f) Aortic valve stenosis (gradient >40 mmHg) or severe aortic valve regurgitation
g) Mitral or aortic valve vegetation or prosthesis
h) Aortic arch plaques protruding >4mm into the lumen
i) Left ventricular dilated cardiomyopathy with LVEF <35%
j) Patients with other source of right to left shunts identified at baseline, including an
atrial septal defect and/or fenestrated septum
k) Atrial fibrillation/atrial flutter (chronic or intermittent)
l) Pregnant or desire to become pregnant within the next year
m) Age <18 years and age >60 years
n) Active endocarditis, or other untreated infections
o) Organ failure (kidney, liver or lung)
Kidney failure: Poor urine output of less than 1 cc/kg/hr with elevated BUN levels
(above the normal reference range for the laboratory at the investigational site).
Liver failure: Liver enzymes outside the normal reference range for the laboratory at
the investigational site: poor liver function as assessed by elevated PT (above the
normal reference range for the laboratory at the investigational site) and low total
protein and albumin (below the normal reference range for the laboratory at the
investigational site)
Lung failure: Respiratory failure is retention of carbon dioxide more than 60 mmHg,
poor oxygenation with oxygen tension less than 40 mmHg in room air or the need for
assisted ventilation
p) Uncontrolled hypertension or uncontrolled diabetes mellitus
Uncontrolled hypertension: Sustained elevated systemic blood pressure to more than
160/90 with medications
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Uncontrolled diabetes: Continued elevated glucose levels in spite of administration of
insulin/levels of more than 200 mg with presence of glucose in the urine
q) Lacunar infarct probably due to intrinsic small vessel as qualifying event
Definition: Ischemic stroke in the distribution of a single, small deep penetrating vessel
in a patient with any of the following: 1) a history of hypertension (except in the first
week post stroke); 2) history of diabetes mellitus; 3) age ≥50; or 4) MRI or CT shows
leukoaraiosis greater than symmetric, well-defined periventricular caps or bands
(European Task Force on Age-Related White Matter Changes rating scale score >0)
r) Arterial dissection as qualifying event
s) Signs of progressive neurological dysfunction
t) Patients who test positive with one of the following hypercoagulable states;
Anticardiolipin Ab (IgG or IgM), Lupus anticoagulant, B2-glycoprotein-1 antibodies,
or persistently elevated fasting plasma homocysteine despite medical therapy
u) Patients with contraindication to aspirin or clopidogrel therapy
v) Anatomy in which the AMPLATZER PFO Occluder would interfere with intracardiac
or intravascular structures such as valves or pulmonary veins
w) Malignancy or other illness where life expectancy is less than 2 years
x) Patients who will not be available for follow-up for the duration of the trial
y) Inability to obtain informed consent from patient or legally authorized representative
z) Stroke with poor outcome at time of enrollment (modified Rankin Scale score >3)
aa) Patients who are not able to discontinue the use of anticoagulation if randomized to
closure
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APPENDIX C: STROKE ASCERTAINMENT CASE REPORT FORMS

Page 75 of 114

AMPLATZER PFO Occluder Executive Summary
Circulatory System Devices Panel

Page 76 of 114

AMPLATZER PFO Occluder Executive Summary
Circulatory System Devices Panel

Page 77 of 114

AMPLATZER PFO Occluder Executive Summary
Circulatory System Devices Panel

Page 78 of 114

AMPLATZER PFO Occluder Executive Summary
Circulatory System Devices Panel

Page 79 of 114

AMPLATZER PFO Occluder Executive Summary
Circulatory System Devices Panel

Page 80 of 114

AMPLATZER PFO Occluder Executive Summary
Circulatory System Devices Panel

Page 81 of 114

AMPLATZER PFO Occluder Executive Summary
Circulatory System Devices Panel

Page 82 of 114

AMPLATZER PFO Occluder Executive Summary
Circulatory System Devices Panel

21

APPENDIX G: PUBLICATIONS
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