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CALL TO ORDER

Pand Chair Cynthia Tracy, M.D., cdled the meeting to order a 9:04 am. Panel
Executive Secretary Geretta Wood read the conflict of interest statement. Full waivers hed
been granted for Clyde Yancy, M.D., and Judah Z. Weinberger, M.D., Ph.D., for their interests
in firms that could be affected by the recommendations of the pandl. The Agency took into
consideration matters concerning Thomas B. Ferguson, M.D., Mitchdl Krucoff, M.D., Cynthia
Tracy, M.D., and Dr. Weinberger and Y ancy, who reported past or current interests involving
firms at issue but in matters not related to the day’ s agenda. Dr. Tracy then asked the panel
members to introduce themselves.

Ms. Wood read the appointment to temporary voting status. Pandl consultants Y ancy,
Weinberger, Hirshfeld, Ferguson, Kato, Blumenstein, and Bridges had been gppointed voting

members for the duration of the meeting.

OPEN PUBLIC HEARING
Dr. Tracy read the Agency’ s stlatement on transparency of the device approval process.
Leo Korbet, Phoenix, AZ, stated that he had been placed on the SynCardia artificia
heart prior to recelving a heart transplant and urged the panel to approve the device. He and

others would have died without the bridge to transplant that the device provides.

SPONSOR PRESENTATION
Marvin J. Slepian, M .D., CEO, SynCardia Systems, Inc., introduced the sponsor presenters
and consultants and provided an outline of the sponsor’s presentation. The SynCardia

CardioWest Totd Artificia Heart (TAH) isindicated for use as an in-hospita bridge to



transplantation in cardiac trangplant candidates who are a imminent risk of death dueto
irreversible biventricular failure. Dr. Sepian summarized the device s development history and
noted that it evolved from the Jarvik heart. The device received European CE approva in 1998.

Richard Smith, MSEE, Chief Operating Officer, SynCardia Systems, provided an
overview of the CardioWest TAH System. The device has three main components: an
implantable system that isinserted next to the chest wall, drivelines, and an externa console. The
implantable system has six components and occupies the space of the diseased heart. The device
weighs less than an actual heart. It can betailored to individua patientsin that the ventricles can
be oriented as needed; no surgical pocket is required.

In the heart, four digphragms separate where air comesin and blood flows. The externd
console incorporates many redundancies to provide good rdiability, including a backup
controller and backup air and power. The device uses asmple system that mimicsthe “ sarling
principle’ of heart: Increasing venous return automaticaly increases the stroke volume.

Ininserting the TAH into the patient, the natural valves and ventricles are removed.
Issues such as arrhythmias, right ventricle (RV) dysfunction, aortic valve dysfunction, thrombus
in left ventricle, and septa defects are thus iminated or minimized, unlike with smilar devices
(VADs). The device decreases central venous pressure (CVP) and overcomes pulmonary artery
pressure (PAP); it maximizes the differentia in pressure across organs, creating optimal
conditions for organ recovery. The device provides biventricular cardiac flow to 9.5 L/min.

Long-term in vitro testing resulted in no device fallures. The TAH has features that
enhance safety and facilitate implantation, diminates limitations related to native heart

dysfunction, and issmple and rdiable.



Jack G. Copeland, M.D., University of Arizona/University Medical Center (UMC),
principa investigator of the IDE study, emphasized the clinical need for the TAH. Patients who
have biventricular failure and impending organ fallure usudly die without intervention, but the
TAH provides hemodynamic stabilization and organ recovery until transplant is possible.

The dinicd study examined safety and efficacy of the TAH device. The study hypothess
was that patients with irreversible biventricular failure could be saved using the TAH as abridge
to trangplantation. The clinica study was a prospective, nonrandomized, multicenter trid
involving criticaly ill patients who hed irreversble end- stage heart failure (New Y ork Heart
Association [NYHA] Class V). Higtorica controls consisting of patients meeting identical entry
criteriawere used. The primary efficacy endpoint was treatment success (i.e., a 30 days
posttransplant, the patient was alive, in NYHA Class| or |1, ambulatory, and not on ventilator or
didyss). Secondary efficacy endpoints were surviva, hemodynamics, end-organ function, and
ambulation. Key issuesin the design of the study were to define a patient population that needs a
biventricular bridge to transplant and to define the natura history of untreated patients usng
historical controls.

The study involved five centers and 12 surgeons. A totd of 130 patients were in the
study: 35 control and 95 implant (81 core patients and 14 out of protocol). Inclusion criteria
consisted of digibility for transplant, NYHA Class 1V, body surface area (BSA)>1.7 nf, and
hemodynamic insufficiency (as demondrated by avariety of measures). Petients had to be large
enough for the TAH to fit. Excluson criteria conssted of use of any ventricular assst device
(VAD); excessive levels of serum crestinine, bilirubin, or cytotoxic antibodies; didyssin the
previous 7 days, and pulmonary vascular resstance =8 Wood units. Dr. Copeland elaborated on

why the study population was chosen for TAH rather than an LVAD.



The control group congisted of 22 historical controls, 3 prospective controls, and 10
patients found by looking at UNOS Status | patients from al centers. All controls had to mest the
inclusion criteria. Control and core patients were comparable on most baseline demographic and
risk factors. Noncomparable basdline characteritics included ischemia, smoking history, use of
anticoagulants, prior cardiac surgery, current intrasortic baloon pump, and cardiopulmonary
bypass (CPB); al noncomparable characteristics favored the core patients, except for CPB,
which favored the controls. Patients were comparable on numerous hemodynamic factors, except
for systolic arterid pressure (which favored the core patients) and PAP and CVP (which favored
the controls). After summarizing the hierarchy of drug support a basdine for the two groups, Dr.
Copeland noted that the two groups’ |aboratory vaues (except for bilirubin) were comparable.

The control group was not for forma gatistica comparison. Rather, the controls give an
gpproximation of the natura history of the patients meeting entry criteriawithout mechanical
support. Patients served as their own controls for hemodynamic and generd recovery.
Comparisons from published VAD studies provide perspective on core patient results.

At 30 days, 69.1 percent of the core patients but only 37.1 percent of controls met the
primary endpoint of trestment success. Following transplant, 30-day and 1-year surviva
compared favorably with published surviva data. Core patients had sgnificantly longer time to
trangplant than controls, but control patients had much lower surviva to transplantation.

Dr. Copeland presented Kaplan-Meier curves comparing surviva in the two groups.
Long-term surviva rates were higher among core patients than controls. Posttransplant survival
of core patients compared favorably with published UNOS surviva data. The mean time on the

TAH device was 79.1 days, the longest was 414 days. Sick control patients did not have as good



an early result after the trangplant. Secondary efficacy endpoint data on cardiac index, rena and
hepatic function, and ambulation demonstrated hemodynamic recovery among TAH patients.

The most common adverse events were infection and bleeding. Of 125 infections in core
patients during the implant period, 13 were deemed clinicaly sgnificant. Seven infections
contributed to death and one caused death, but none were device related. Five infections delayed
transplantation. No instances of ascending driveline infections occurred. Fifty-five bleeding
events occurred, two of which resulted in degth. A total of 26 neurologica events occurred,
including 11 strokesin 10 patients (both core and nonprotocol); only one resulted in delay of
transplantation.

Nineteen device mafunctions—primarily driveine kinks and lesks—in 17 patients
occurred. Mogt events were transitory and did not adversdly affect the patient. One case of
digphragm tear occurred; the patient refused a second TAH and subsequently died. The
manufacturer has adjusted the design to avoid recurrences. Five fit complications occurred, two
of which were contributing causes of death. Twenty-one percent (17) of the core patients died
before transplantation; four desths were due to procedura or technica problems (including two
cases of coagulopathy after Feiba adminigtration).

The total success rate was 69.1 percent, and the results are generdizable. The TAH
provides immediate hemodynamic and end-organ recovery and alows patients to be ambulatory.
The deviceis reliable and offers sgnificant benefit at reasonable risk to patients.

Walter E. Pae, M.D., Pennsylvania State Univer sity, presented aclinica perspective.
Donor hearts are in short supply, and mortdity is high among patients awaiting transplantation.
Practical device therapy is needed, not just to avoid desth but aso to provide medical

Sabilization before trangplantation. Patients with biventricular faillure are at high risk of desth.



Right ventridle failure (RVF) in patients on LVADs is not well defined. One-third to one-
haf of patients with RVF require biventricular support devices (BiVADS). Such patients have
half the successful bridge rate of those who do not have RVF. Paracorpored systems are flow
limited by design, require competent aortic valve, and are limited by the ligbility of the native
heart pathology. In contrast, TAH provides immediate high flow and is not limited by native
heart pathology. The TAH meets a clinica need for patients who need biventricular support due
to avariety of conditionsin which the native heart presents aliability. A review of the published
literature indicates that the SynCardia TAH compares favorably with other mechanica VADs.
Definitions of adverse events vary across studies, however, and published reports do not aways
provide detailed information on those events. In addition, regisiry data were previousy
voluntary, and time frames may differ. Recognizing those limitations, the performance of the
SynCardia device iswithin the parameters established by the published literature.

The SynCardia TAH successfully sdvaged patients with biventricular failure. Safety and
efficacy are dinicdly smilar to available mechanica support devices. The TAH will fill a
therapeutic gap and extend the ability to treat cardiovascular disease.

Dr. Sepian presented concluding comments. Safe and effective therapies are needed to
save lives and stabilize patients in imminent danger of dying from biventricular fallure. The
TAH provides hemodynamic normdlization leading to end-organ recovery. The device is sife,
effective, and reliable and provides a bridge to trangplantation. The benefits of the device
outweigh therisks. Findly, Dr. Sepian reviewed the indication for use and noted that patients
who are indigible for cardiac transplantation and those with BSA<1.7 nf* are contraindicated for

the device. Training will include didactic and hands-on components. Proposed postmarket



aurvellance indudes 1 year of follow-up on enrolled patients and on 50 new study patients; to
demongtrate generdizability, no more than 10 percent of the new patients.
Panel members asked brief questions for clarification, which the sponsor representatives

answered.

FDA PRESENTATION
Eric Chen, M.S,, Office of Device Evaluation, lead reviewer, provided an overview of the
FDA presentation and listed the FDA review team members. He described the device s function
and components, reviewed the indication for use, and summarized the history of the U.S. dlinica
study. He noted that preclinicd testing had yielded satisfactory results. The Agency is il
working with the sponsor to resolve certain erilization and manufacturing issues, but those
should not hinder progress of the review. The device is safe from an engineering perspective.
Lily Yue, Ph.D., Office of Surveillance and Biometrics, presented the Agency’s
datigtica andyss. She summarized the study design and pointed out that, among other
problems, data for most of the control patients were collected in early 1990s, but data on the
implanted patients were collected later. The two groups are not comparable because of the
imbaancesin the periods of data collection and in multiple basdine covariates. Any direct
trestment comparisons are ingppropriate, and dl resulting p vaues are uninterpretable.
Adjustments for data imbal ances can be made using traditiond covariate andyss and
propendgity score andlysis. Dr. Y ue explained those techniques and noted that patient age cannot
be adjusted for because the two groups are too dissmilar in that variable. Propendty score

methods can only adjust for observed covariates, not for unobserved covariates. The method is



serioudy degraded when important variables influencing trestment sdection have not been
collected. The technique works better when data on many covariates are available.

The propengty score andyssinvolved multiple imputations for 19 percent of patients
with missing basdine covariate vaues. Adjustments were made (if possible) for al imbaanced
or dinicaly important basdine covariates as well asfor the year of implant. The propensity
score model accurately predicted the treatment group membership. However, the two trestment
groups did not overlgp enough to alow a sengble treetment comparison.

As aresult, one must base judgments on the performance of the TAH group alone and
treet the sponsor’ s dlinica sudy as asingle-arm study. Because sicker patients may have
received transplants sooner, Kaplan-Meier estimates for surviva prior to trangplant may be
biased. Without gppropriate contrals, it is difficult to gatisticaly evauate device effectiveness.

Julie Swain, M .D., pointed out that no randomized controlled studies exist for FDA-
approved bridge-to-transplant LVADs, no comparable control groups exist in previous BTT
studies; and the research on such devices generdly has dow enrollment. The 10-year duration of
this study is not out of line with previous devices. Dr. Svain noted the paucity of rigorous
dudiesin thisareaand listed the inclusion criteria culled from the literature. Based on those data,
the Agency developed a performance goad for surviva to transplant of 65 to 70 percent before it
ever saw the SynCardia device. The sponsor’s device performs as well as or better than the
performance god.

LVAD implantation with RV failure presents a diagnogtic dilemma. When LV devices
areimplanted, RV failurerateis 10 to 30 percent. Treatment usualy conssts of inotropes,
volumeload, or off-label NO use; short-term pumps; or long-term percutaneous pumps.

Determining who needs a BiVAD at the time of bridge presents adilemma.



In gpproving the CardioWest study, the Agency agreed that clinical equipoise did not
exist. The Agency approved the control group, but it is mainly consdering the 81 patients who
met dl criteria It isdifficult to develop a performance god for adverse events. The definition
varies across sudies and is ameatter of clinica judgment.

A better understanding is needed of the true indications for using this device. RV failure
may become evident only after LV AD implantation. When should the device be used, and how
should the labd reflect the problem? Moreover, 71.6 percent of the patients in the study were at
one center, UMC; the sudy is essentialy a single-center design. Success rates are identical for
UMC and other two centers, however. The Agency is aso concerned about conflicts of interest,
because the primary investigators at UMC have an equity interest in the device.

Surviva to trangplant was similar to other devices reported in the literature. The adverse
event profile trends seem similar to those of other devices, but a direct comparison cannot be

made due to differences in definitions.

Panel Questionsfor FDA

Panel members asked for clarification as to why more devices were implanted than initidly
planned and whether any safety concerns had arisen as aresult of the experience with the first
few devicesimplanted. They expressed concern over the lack of a suitable control group. At least
one pane member suggested that the term “control” should be replaced with “reference cohort”
in the labeling. They discussad the reasons underlying the paucity of randomized controlled trids
in this area and suggested that it would have been helpful to have data on other atificid hearts

for comparison. Data on posttransplant mortaity aso would have been useful, because the TAH

may play arole in posttransplant recovery. Agency staff answered their questions.



Panel Reviews

Salim Aziz, M .D., noted that this and smilar devices have been around since the early
1980s and asked what accounted for the improvement in thromboembolic complications. The
sponsor replied that coagulation and platel ets are now treated separately; in addition, running
such devices a fairly high outputs (7 or 8 L/min.) discourages plaque formation.

Dr. Aziz dso raised questions concerning the relation between grafts and bleeding
problems, whether hyperperfuson of the right Sde is an issue with the device; the impact of
transfusions on cytotoxic antibody levels and the &bility to recaeive atransplant; how PAPis
measured once the device isimplanted; how mafunctions related to kinking of tubes might be
prevented; ability to determine patients who have a propensty for neurologica events, benefits
of TAH versus other gpproaches; treatment of respiratory failure in patients with the device; and
the impact of the device on blood pressure problems and how the device might be adjusted to
dleviate those problems.

Sponsor representatives answered Dr. AziZ' s questions. Walter Dembitsky, Sharp
Memorial Hospital, San Diego, noted that TAH is an important technology because for some
patients, biventricular support does not work. The device has been used in Situations of graft
regjection on table. It enables the physician to siop immunosuppression and let the patient recover.
The retained heart can be aliability to the patient.

Dr. Aziz noted that implantation of the device is not reversble and negates the
possibility of recovery. Clear indications are needed to guide appropriate use of the device.

Dr. Copdand clarified the conflict of interest issue of concern to the Agency. The device
was initidly owned by a private company and was given to UMC. The complete study was

carried out under that ownership. None of the presenters or sponsors were financially attached to
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device until ayear after the study was completed. UMC ended its participation, and the sponsor
representatives formed a company to keep it going and seek FDA gpproval.

Clyde Yancy, M.D., commented on the tridl design. He noted the difficulty of
randomized controlled trias because of the urgency of these patients' Stuation. Heis
comfortable with the sponsor’ s methodology. The advantage of the TAH isthe biventricular
support it provides and its utility for unique gpplications that were not examined in thetrid. The
demonstrated patient improvement, 30-day surviva, and other outcomes of the study
demonstrate reasonable efficacy.

It is unclear which patients are ided for this device. A number of dlinica innovations
(e.g., beta blockers) have come about to which the reference group was not exposed. The
improvement in hepatic function is compelling, and looking a liver and kidney insufficiency
may be a better gpproach than trying to define RV dysfunction. Trestment agorithms can be
developed. The indication should probably be heart disease with multisystem organ failure.

Neurologic events are tragic complications. It seems that most infections are not device
related but perioperative and procedura. Bleeding rates appear to be high compared with other
platforms, however. Specific data on antibiotic sengtization are needed. In addition, a number of
ingtances of hemodynamic insufficiency occurred; more data are needed on patient
hemodynamics. Idedly, amodd based on hemodynamic parameters that would show who would
and would not do well with this device could be developed. Finally, the device requires a bulky
console, which could impede patient rehabilitation; a smaller modd would be desirable.

Sponsor representatives responded to Dr. Yancy's questions.

11



PANEL DISCUSSION

Panel members concerns focused on the lack of clarity of the indications for use. Which
patients should receive LVADs, and which should receive BiVADS? They concurred that the
sponsor should provide additiona dataon clinical characteristics of study patients. Panel
members also were concerned about clinical trid design for devices of thistype and gppropriate
approaches to randomization. They suggested that the device should be limited to usein centers
that currently do trangplantation. They aso expressed concern that the results of the clinicd trid
may not be generdizable because so many of the patients were a one center, UMC. Other issues
included managemernt of patient expectations, production of smaler TAH szes so that women
could more readily receive the device, usein patients with falled LVADs or BiVADs, digphragm
ruptures, and ensuring appropriate training of the entire care team in use of the device. Pandl

members suggested that surgeons should have some sort of hands-on or observationd training.

FDA QUESTIONS FOR PANEL

Question 1 (generalizability): The panel had concerns about generdizability, in part because
the sudy investigators have a financid interest in the sponsoring company; however, they were
reassured by the fact that the study ended before SynCardia became the device sponsor. Because

techniques are the same across centers, outcomes should be smilar across centers.

Question 2 (safety): Mot pand members fdt that the level of adverse events was acceptable,
given the highly sick population in which the device will be used; however, a minority of the
pand fdt that the complication rate was unacceptably high and that the data did not provide

reasonable assurance of safety. The sponsor should work toward reducing the complication rate.
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Question 3 (efficacy): Most panel members agreed that the device is efficacious as a bridge to

transplant. A minority felt that the data do not support that conclusion.

Question 4 (indications and labeling): The panel concurred that the indications for use are
appropriate, but the labeling does not adequately define TAH patients as opposed to LVAD
patients. The sponsor needs to provide more information on the dinica characteridtics of the
patients who were in the sudy and state that the participants were people with idiopathic and
ischemic cardiomyopeathies. The p vaues should be deleted from the labeling because they are
mideading and suggest thet an actud control group was involved in the study; the term
“reference cohort” may be more appropriate. The pand noted that the contraindication regarding
device fit needsto be darified; even though it is currently based on the study inclusion criteria,
better ways of describing gppropriate device fit may exist. The labeling should emphasize that
the data are extrapolated from an observationd study, not arandomized controlled trid. 1t dso
should dtate that patients receiving the device require careful antiplatelet and antithrombotic
monitoring and that patients who cannot take anticoagulants are not candidates for this device.
Some panel members recommended that the device should be used only at centers with
active heart transplant programs, but Dr. Zuckerman noted that the ability to State that on alabel
may be limited. He noted the pand’ s concern that surgeons have appropriate training and use the

device at highly experienced centers.

Question 5 (training): Panel members recommended that surgeons' first cases be proctored and

that the labding specify that al members of the care team should receive training.

Question 6 (postmarket study and follow-up): The panel agreed that postmarket surveillance

of patientsfor 1 year posttransplant was adequate. Severa pand members recommended
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cregting aregistry to follow patients. To interpret adverse event reports submitted to the Agency,

it isimportant to have a denominator as well as to capture pre-implant patient characterigtics.

OPEN PUBLIC HEARING
Robert Jarvik, M.D., Jarvik Heart, Inc., New York, NY, noted that the device is easy to
control and that it could be practicd to outfit a home so that the device is safe to use with the
existing console. He asked the pand to make a* statement of no objection” to companies
working out a program to certify home use with the Agency.
Aly El-Banayosy, M .D., Rhur University, Bad Oeyenhause, Ger many, concurred with
Dr. Jarvik and noted the need for smaller consoles. He described the German experience with the

device and presented data.

VOTE

Ms. Wood read the voting options. The pand voted 10-1 to recommend that the Agency approve

the device with the following conditions:

1. The sponsor should conduct postmarket surveillance as discussed by the panel, including dl
patients implanted from point of entry to 1 year posttrangplant. The study should collect and
correlate data on adverse events and patient characteristics.

2. Thelabeing should include a contraindication that the device should not be used in patients
who cannot be anticoagul ated.

3. The sponsor should darify information regarding proper fit of the device and replace the
contraindication regarding BSA with something more generd (e.g., “Do not use this device if

it will not fit in area vacated by existing ventricles’).
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4. Thewarnings should clarify that safe use of the device requires dose monitoring of
antiplatelet and anticoagulant therapy.

5. The device should be implanted only at centers that are capable of performing cardiac
transplantation.

6. Traning should involve some form of hands-on training or ongite proctoring.

POLL
Panel membersindicated that they voted to approve the device because a particular group of
patients have acompeling need for it. They emphasized that the dinicdl trid did not meet the
usud standards of rigor. SynCardia TAH use should be limited until more data are gathered, and
the sponsor should make an ongoing effort to hone the indications. Close and careful follow-up
IS needed.

One panel member voted not to recommend gpproval because data do not support safety.
One pand member urged that the Agency not require the device to be used only at transplant

centers but instead take the pand’ s condition as a recommendation.

ADJOURNMENT

Dr. Tracy thanked the participants and adjourned the meeting at 5:59 p.m.
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CALL TO ORDER

Pand Chair Cynthia Tracy, M.D., cdled the meeting to order a 9:08 am. Panel
Executive Secretary Geretta Wood read the conflict of interest satement. Full waivers had
been granted for Clyde Yancy, M.D., and Judah Z. Weinberger, M.D., Ph.D., for their interests
in firms that could be affected by the deliberations of the panel. The Agency took into
condderation matters concerning Thomas B. Ferguson, M.D., Mitchdll Krucoff, M.D., Cynthia
Tracy, M.D., and Dr. Weinberger and Y ancy, who reported past or current interests involving
firms at issue but in matters not related to the day’s agenda. Dr. Tracy then asked the panel

members to introduce themsdves.

FDA PRESENTATION

JulieMarders, R.N., M.S,, Division of Postmarket Surveillance, Office of
Surveillance and Biometrics, presented an analysis of adverse event reports received by the
Agency on aortic anastomotic devices. She described the medical device reporting (MDR)
system and its limitations. Underreporting of adverse eventsto FDA by hedlth care practitioners
iswel known and recognized. Manufacturers are not required to submit denominator
information, such as the number of devices manufactured, distributed, or implanted, so accurate
adverse event rates cannot be determined. Reports may not be representative, and they reflect a
variety of reporting biases. Event narrétives vary in completeness and detail and often do not
contain results of manufacturer failure andyses. Devices frequently are not returned to
manufacturers because they are discarded or remain implanted.

The anadysis covers reports received for product codes for anastomotic devices from May
24, 2001, to March 1, 2004. Additiona database queries were made using brand namesto verify

that al reports were captured. A total of 213 reports were received, mostly in 2003. The reports
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described 23 deeths, 185 injuries, and 5 mafunctions, primarily in patients age 65 or older. The
reports are asigna of a potentia public health problem. Some catastrophic events could be
device related. The reported events reflect short-term experience; long-term information dso is
important. Failure andyses are lacking or limited; the root causes for device falures are
unknown. Adverse event data need to be factored in to the risk—benefit profile for anastomotic
devices.

Wolf Sapirstein, M.D., M.P.H., F.A.C.S, Medical Officer, summarized the history of
vascular anastomotic products for CABG. Vascular suturing changed little from 1903 to 2001,
when the first sutureless device was cleared. Improvements in the CABG procedure have
obviated theill effects of cardiac arrest, extracorpored circulatory perfuson, and aortic clamp
manipulation. Minimally invasive direct coronary artery bypass (MIDCAB) reduced the
morbidity of incisond trauma, and dispensing with cardiopulmonary bypass diminated an
activator of inflammatory and immunologic responses, improving outcomes. Extracorporea
circulation and aortic manipulation have been implicated in neurocognitive complications.
Anastomotic devices can play amgor role in reducing morbidity. CABG patency is dependent
on many factors that most likely have been affected by recent changes to the operation that are
gill being evaluated and by new measures to inhibit the progression of coronary artery disease.

Dr. Sapirgein listed factors that affect the integrity of conduit patency for coronary
revascularization. Anastomotic devices eiminate factors that contribute to poor patient
outcomes, however, their benefits with new procedures are unresolved. The devices a'so may
contribute to graft failure for reasons that include compliance mismatch, materids that promote
loca thrombus and inflammation, vesse trauma caused by device deployment, design of

anagtomasis prgudicid to laminar flow, and difficulty with revison.
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In evauating anastomosis devices for 510(k) clearance, the Agency required extensive
preclinical datato support limited dinical sudies. The clinical material was required to
Substantiate equivaence to historical data for conduit patency, a surrogate for correcting the
deficiency in myocardid perfusion. The Agency encountered some disagreement regarding study
design, duration of follow-up, and instruments for assessing effectiveness. Although genera
agreement exigts regarding the use of suture anastomosis as the gold standard to control for
patency, some researchers advocate using measures of coronary perfusion for assessment of
patency, areversd of the origind CABG surrogate use of patency for perfuson.

Theinitid concept wasto take into condgderation the multifactoria causes of CABG
failure by accepting ardatively short period (i.e,, 6 to 9 months) that focuses on the adequacy of
the anastomosi's congtructed. The changes to CABG itsdlf and the introduction of measures
amed at disease progression were not addressed. It was also felt that a distinction could be made
for devices used on the proxima aortic or distal coronary artery.

The study design problem goes beyond multifactoria causes of CABG failure; it involves
device-specific variables of proximal versus distal anastomosis devices, vein versus arterid
conduit; and differencesin device design. Therigor of arandomized trid may be required. The
Agency would like the input of the panel on atemplate for arandomized study design that
involves begting heart (BH) CAB versus CABG and is dratified by vein conduit, arterid conduit,
and aortic versus distd anastomosis. Dr. Sapirstein presented sample Size estimates for atria
based on |eft internd mammary artery— eft anterior descending coronary artery (LIMA-LAD)
patency of 95 percent (lower confidence limit [LCL] of 90%) and saphenous vein graft (SVG)
CABG patency of 85 percent (LCL 80%).

Kachi Enyinna presented the questions for the pandl.
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OPEN PUBLIC HEARING

Dr. Tracy read the Agency’ s Statement on transparency of the device approval process.

Randall K. Wolf, M.D., F.A.C.S,, Universty of Cincinnati, Ohio, presented a
classfication of anastomotic devices as automatic or manua and presented background
information on the causes of vein graft fallure. If the S. Jude device had been evaduated a 6
months by angiography, stenoses and occlusions would have been discovered. Second-
generation anastomotic devices are more reliable than handsewn anastomosis. Second-generation
dista devices demondtrate excellent patency; unlike stents for CAD, the devices do not rearrange
plague. The science supports use of 6-month angiographic data as adinicd trid endpoint.

Robert W. Emery, M.D., Cardiac Surgery Associates, St. Paul, MN, presented data
on why vein graftsfail. New issues introduced by the current generation of connectors include
overloading, double loading, skiving of aortic punch, variations in operative technique, graft
movement, and loss of 90-degree graft angle. Improved and more extengve training may obviate
modes of fallure. Many modes of failure are unstudied or unconfirmed, so prospective studies are
warranted, including those on operative technica detall.

G. Phillip Schoettle, M.D., Thoracic and Cardiovascular Surgery Associates,
Memphis, TN, discussed his own research, which found high rates of occlusions and senosisin
patients in whom the St. Jude Symmetry anastomosis device was used. Based on his experience,
the St. Jude device resultsin higher rates of saphenous vein closures and occlusion than
handsewn anastomoses. Technica issues do not seem to be the issue. The devices are not proven

to be clinicdly safe or effective.
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Robert Frater, M.D., Medical Director, St. Jude Medical, Cardiac Surgery Division,
defended the Symmetry device. The MDR system isawarning light that tells us nothing about
adverse event incidence. Data on handsewn anastomoses are 30 years old: Back then, patients
were younger, vessels were better, and diabetes was less common. Doctors face different patients
today. We need to know today’ s patency rates, including the rates for off- and on-pump
procedures. Six-month follow-up is reasonable for clinica studies; follow-up longer than 12
monthsis too late because atherosclerosis dominates at that point. FDA needs to provide clarity
on the type of clearance needed for these devices; if the clinical data requirements are equivaent
to those needed for aPMA, then the Agency should require a PMA process.

Michael Mack, M.D., Cardiac Surgeon, Dallas, TX, representing the Society of
Thoracic SurgeonsAmerican Association of Thoracic Surgery Joint Committee on New
Technology, presented dataon SVG patency. The gold standard (handsawn sutures) has awell-
documented history over past 30 years. From 1979 to 2001, 30 studies were published andyzing
more than 25,000 grafts. His metaandysis of SVG patency found that patency at 30 daysis87.9
percent. At 3 to 6 months, it is84.1 percent, and at 12 months, it is 82.7 percent. Significant
attrition occursin the first 30 days. It is unknown how beating versus arrested heart procedures
and anastomotic connectors affect SVG patency. Angiography isthe only reliable method to
determine patency. A 6-month endpoint is adequate for trids.

Mark Slaughter, Director, Cardiac Surgery, Advocate Christ Hospital, Oak Lawn,
IL (also spesking on behdf of Rich Lotti, Presdent and CEO, Converge Medical, Inc.,
Sunnyvale, CA) noted that factors affecting the quality of sutured anastomoses are surgeon kill,
patient anatomy, disease date, access, and vishility. Reasonably good science suggests that

anastomoses hedl at about 60 days, after that point, failures are due to patient factors, ongoing
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atherosclerosis, and improper medication. The purpose of anastomotic devicesisto provide a
vascular connection that is atraumatic, reliable, reproducible, reversible, and easy to use.
Differences between proximd and distad anastomoses involve flow dynamics and tissue
characteridics. Implant biocompatibility isimportant: Nitinol, Sainless sted, and Ti-6AL-4V dl
are compatible and are not sources of |ate stenoses. Inflammatory responseis Smilar with dl
anastomaosis devices. One can perfectly manipulate flow dynamics with nonsutured devices.
Higtorical controls and 6-month follow-up are acceptable for clinical trids.

Henry Frank Martin, M.D., University of Tennessee Center for the Health Sciences,
Memphis, observed that interventiond cardiologists develop a*“sixth sense” about when to
intervene. Anastomotic devices behave like stents. No cardiologists appear to have been involved
in research and development of the Symmetry device because they know about the problems
with nitinol stents. Nitinol induces scar formation. Developers did not understand cardiac disease
and therole of Plavix in patients. Many patients have problems with these devices, and the
Symmetry device should have been withdrawn years ago. Cardiologists need to be involved in
trial desgn and product devel opment.

Bernard Hausen, M.D., CEO, Cardica, described two products that Cardicais
developing. The C-Port distd anastomosis system delivers a set of eight implantable clipswith
the push of one button. The Pas-Port is a second-generaion proxima anastomods system; key
improvements over the previous generation include minimized endothelid trauma during loading
and alarge effective orifice area. Cardicais applying for 510k clearance for the Pas-Port device.

Uwe Klima, Professor, Cardiac Surgery, Hannover Medical School, Germany (dso
presenting on behdf of Mark Foley, Presdent and CEO, Ventrica, Fremont, CA), presented

data from an evaluation of coronary anastomosisin CABG surgery a the Hannover Medical
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School using the Converge, St. Jude, and Ventrica anastomotic devices. Clinicaly significant
problems were found at 6 months with the St. Jude device, but not with the other devices.
Prospective, multicenter trids should be used in evauating the performance of anastomotic
devices. Retrospective, clinicaly driven endpoints are not sufficient. Comparison to established,
historical controls should be acceptable, and angiography should be used to evauate device
performance. Six-month angiographic follow up is sufficient to address the performance of

anastomoses.

OPEN COMMITTEE DISCUSSION

Pand members discussed the best modes for ng patency and concurred that it is best for
patients to undergo as few invasive procedures as possible. Angiography isimportant but should
be kept to a minimum. Noninvasive methods, such as CT and MRI, can be used for intermediate
assessments. Invasive procedures negatively affect patient retention.

Training in gppropriate use of the devicesis vitd; technique plays arolein device
function and graft patency. It was noted that when drug-duting stents first came on the market,
many adverse eventsinitialy occurred.

The Agency has developed a paradigm for andyzing endovascular stents; those studies
may be helpful in designing dinica trids for anastomosis devices. Clinicd trids should assess
functiona outcomes as wdll as anatomic outcomes. The patient population has changed so much
in the past 30 yearsthat historica controls may no longer be rlevant. Although in some cases,
patients can serve as their own controls, randomized controlled trials comparing the devicesto
handsawn sutures will be inevitable. Graft fallureis rdaed to many factors, including ste and
flow, and proxima and distd anastomaoses involve different issues. Proxima stenoss affects

patency. The primary endpoint should be patency; secondary and/or surrogate endpoints can
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include mgor adverse cardiac events and neurologic events. Studies should include a data safety
monitoring board.

Panel members expressed concern that new guidance from the Agency could negatively
affect ongoing studies, but Dr. Zuckerman said that the Agency would work with sponsors of
those studies to ensure that their work to date need not be discarded. Panel members &l so asked
what the Agency was doing to address the issues raised concerning safety of the St. Jude
Symmetry device. Quinn Huang, Office of Surveillance of Biometrics, said that the Agency is

working with the company and islooking at the issue.

FDA QUESTIONS FOR PANEL

Question 1. Please comment on the choice of control in theclinical trial required to evaluate vascular
anastomosis devicesfor CABG.

The pand concurred that some sort of control or comparison group is necessary. The type of
control—intrapatient, matched controls, or historical data—has to be determined on the basis of
datigtical analyss. Propensity scores may not be gppropriate. Dr. Blumenstein devel oped rough
sample Sze esimates for sudies with patients serving as their own controls versus randomized
controlled trids; the pand expressed concern over the potentid Sze of trids, but it nevertheless
fdt the need for scientific rigor should take priority. Study designs may differ for LIMA and
SVG trids. Surrogate endpoints are not adequate; patency is the most important variable.

Question 2: With regard to device placement and device design, please address the following: (a) Given the
consider able differ ences between the proximal and distal CABG anastomoses, what, if any, differences should
berequired? (b) Arethere certain aspects of the clinical study design that should berequired for all devices,
irrespective of deviceform and function? (c) Can you suggest criteriato determinewhether afailureisdevice
related?

The pand concurred that dthough proxima anastomosi's devices involve unique issues that need
to be taken into account in sudy design, the endpoint ultimately should be patency In either case,
6 monthsis an appropriate time frame for determining patency. Endpoints for proxima and

distd devices would not warrant totaly different designs. Although stenosis may be not be
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gpparent until 12 months, the appropriate endpoint is graft failure, which should be clear by 6
months. Methodologies from stent trials are worth examining. All endpoints must be measured
and observed on case report forms. Results should be generdized into acute procedura and
chronic procedural success composite variables.

The biomechanics of conduit failure are not well understood. A DSMB and core lab
would be useful in determining prospective outcomes and minimizing the impact of investigator
biases. Although pane members concurred that angiograms are necessary measures in studies of
anastomosis devices, they expressed concern about the impact on patients of multiple

angiograms and the impact of angiography requirements on patient recruitment and retention.

Question 3: Do you believethat the significant differences between an arterial conduit and a venous conduit
warrant distinct study criteria and assessment for each? If so, pleaseidentify these criteria and analyses.
The pand concurred that the endpoint of patency is the same, whether the conduit is venous or

arterid. Study designs must take into account the biology of tissue and the Site of anastomos's;

however, patency isthe critical outcome that investigators will be looking for angiographicaly.
Panel members discussed the importance of having multiple endpoints because different

deviceswill have unique complications. Dr. Zuckerman noted thet if adverse event rates are

unacceptable, the device would not be acceptable, even if patency were good.

Question 4: Should the primary effectiveness endpoint be graft patency alone or include both graft patency
and myocardial perfusion?

The pand concurred that myocardid perfuson may be mideading. Primary effectiveness

endpoint is angiographic follow-up. Aortic disruption is another issue. CT and MRI may be

ussful at intermediate time points. Different devices may require specific endpoints. Trials need

to be powered at patency because that is what the experimental devices focus on; other endpoints

are continuous.
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Question 5: What criteria should be applied to the evaluation of device safety, asdistinguished from device
effectiveness?

The pand concurred that the same safety and efficacy endpoints that pertain to suture should
apply to these devices. Acute aortic disruption is a safety issue. Safety and efficacy overlgp to

ome extent.

Question 6: With regard to appropriate patient follow-up: (a) What duration of follon~up is advisablefor
premarket evaluation? (b) Should postmarket follow-up berequired to assesslong-term device effectiveness?
If so, please define the appropriate length of follow-up after primary patency evaluation.

The panel concurred that a 6-month angiographic endpoint is appropriate and that postmarket

follow-up is necessary. Stent trid models could be useful. Patients should have clinical follow-

up for aminimum of 1 year; this could take place by phone after patency is determined.

Question 7: Can noninvasive measuring instruments be used for primary assessment of graft patency, or is
angiographic follow-up necessary’? At what time points should patency be assessed?
The pand concurred that noninvasive imaging (CT or MRI) can be used acutely and

intermediately, at 3 to 6 months, to assess patency. Late follow-up should be angiographic, a a
minimum of 6 months. One panel member suggested extending follow-up to 7 or 8 monthsto
avoid unnecessary stenting. A core lab could play a criticd role. In addition, panel members

noted that patency standards may differ for different vessds.

Panel members observed that with 350,000 bypass procedures taking place each year,
accruing severd hundred patientsto clinical trias should not present an insurmountable hurdle.
Panel members concurred that it was probably not appropriate for patients to serve as their own

contrals.

OPEN PUBLIC HEARING

No comments were made.
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ADJOURNMENT

Dr. Tracy thanked the participants and adjourned the mesting at 4:08 p.m.
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