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For exanpl e, this st udy of
transcrani al doplers shows mcrobubbles and
the possibility of mcroenbolic signals in all
of these patients wth a stroke ri sk.

Even nore disturbing, this report
from Bonn, Germany. Ten percent of patients
who had MRIs after left atrial ablation had
silent CVAs. So the editorial that went wth
It had this Iline. The potential long term
effects of silent enboli in terns of nenory
deficits, early denentia and subtle cognitive
defects are essential for ablationists to
consider and patients to consider.

VW need to give our patients
information, and that's validated by this
study from St. Luke's-Roosevelt where they
show that during --

CHAlI RPERSON RAMVSBEY: (One mi nut e.

DR SAKSENA: -- a left atrial
abl ation procedure we are seeing strokes.

So what is the contrast? The right
atrial Maze procedure as an average of one
procedur e per patient, occasi onal
cardi oversi on, no deaths and strokes.

So let nme conclude by saying that
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we have a place, and we can discuss this in
the rebuttal section, of the kinds of places
where we woul d use this procedure.

So thank you very nmuch for your
attention.

DR CHER |  know that we're
limted in terns of tinmes, but we have one
nore presenter. Could | ask the Chairman for
five mnutes for hin®

CHAlI RPERSON RAMSEY: Unfortunately
| can't do that because | have to give FDA the
sane anount of time. You are free to use the
rebuttal period to present your five mnute
present ati on.

DR CHER Ckay. Thank you.

CHAl RPERSON RAVBEY: W now have a
brief session where the panel may ask the
sponsor clarifying questions, and | want to
enphasi ze these are clarifying questions about
the presentation. W'd only like to do this
for about five m nutes. There will be tine
for a nore involved discussion, of course, as
we get in later

So et me turn it to the panel and
ask if they have any clarifying questions for
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t he sponsor.

DR SACKNER- BERNSTEI N: In the
presentation, you refer to the conpliance of
the transm ssions, and you broke it down by
those who transmtted at |east three, those
who transmtted at |east four. Can you tell
me how nmany subjects who transmtted at |east
four times, which would nmean weekly in the
nonth six period, transmtted those four tines
that were all asynptonmatic?

Four weekly asynptomatic whet her
they had additional or not, how many of those
were there?

DR CHER | don't have that nunber
exactly right now. However, in the slide we
did present the nunber of patients who had
four transmssions during the six nonth
period. | can tell you that the vast nmajority
of those asynptomatic transmssions were
normal sinus rhythm They were not atrial
fibrillation,

DR SACKNER- BERNSTEI N: So you
don't know how many of those nore than four,
four or nore, included 100 percent conpliance
for the individual patients wth four weekly
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transm ssions as per schedul e?

DR CHER The data that | showed
in that table -- and I'msorry | can't recall
the nunbers exactly -- did show the nunber of

patients with four transmssions during the

sixth month. | believe that was roughly half
of the patients, but | can't recall the exact
nunber .

CHAlI RPERSON RAMBEY:  Yes.

DR.  BROMER | believe that Dr.
Cher stated that -- and | think I'm quoting
you -- that regression to the nmean is

irrelevant, but to ne even your own data
suggests that regression to the nmean would
explain 16 percent of successes. So you
consider the 16 percent irrelevant or did |
m sunder stand t hat 16 percent woul d  be
expl ained solely by a regression to the nean?
DR CHER | acknow edge that
"irrelevant” may have been a strong word. I
think what our analysis shows is that due to
random variation alone, there's a very snall
proportion of patients who mght have episode
reductions consistent with our definition of
success conpared to what we actually observed,
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58 percent of successes. | would argue that
that 16 to 20 percent that mght be due to
regression to the nmean is not rel evant.

CHAlI RPERSON RANVBEY:  Thank you.

Any further questions? Yes.

DR. BROMER: | had a question
along the sanme line as Dr. Sackner-Bernstein.
| find it a little difficult to understand
how nmany patients transmtted at six nonths,
whet her they were synptomatic or not, and how
many transmtted at each week within the six
nmonths. |s that data avail abl e?

DR CHER | did not do an analysis
by week, but rather than the total nunber of
transm ssions and the total nunber of weekly

transm ssi ons by nont h.

If the Chair permts, | can go back
to that slide. | could probably discuss it in
nore detail.

CHAlI RPERSON  RANBEY: VW have a
couple of mnutes. If you' d like to do that,
you can.

DR CHER Ckay. Could | ask for
the presentation to be put back up? Perhaps
while that's happening we can go on to the --
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oh, here we go.

| think this will be helpful for
the panel. There were a total of 43 patients,
roughly half of the 84, who had three or nore
weekly strips. Then there were a total of 35
patients, about -- | can't do the calculation
-- perhaps 40 percent that were entirely
conpliant wth four weekly rhythm strips
during the sixth nonth of transm ssion. So
here are the nunbers.

And as you can see, anongst these
35, the success rate was actually very high.
So, agai n, I'd Ilike to point out the
i mportance of this in that in those patients
who were highly conpliant, we did not observe
a lower success rate. W actually observed a
hi gher success rate.

It makes us wonder. Govi ously we
don't have the data, but it makes us wonder if
these patients were nore conpliant mght we
al so have a higher success rate, but at the
same tine | told you that these patients were
also ones that included several people who
were already study failures and may have
al ready undergone, for exanple, an AV node
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ablation and a pacenaker treatnent. Those
patients would not be that notivated to send
in those weekly transmssions, which is
reasonabl e. They've already undergone a
definitive sal vage treatnent.

DR, BROMNER. Thank you.

CHAI RPERSON RAMBEY: W might have
time for one nore quick question. Go ahead.

DR SACKNER- BERNSTEI N:  The success
rate that you showed on your slide for the
primary endpoint at six nmonths was 49 out of
84, which cones out to 58 percent. | noticed
that the slide did not have confidence
intervals for that estimate. Can you provide
t hose?

DR CHER  They're roughly plus or
m nus ten percent. The study power was based
on the binomal distribution requiring 80
percent -- |I'm sorry -- 80 patients with a
power of 80 percent and an alpha of .05 to
give a confidence limt of plus or mnus ten
percent . That's what the power calculation
was based on, and it was deened sufficient to
have enough information to get a sense of the
preci sion of the success rate estinate.
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CHAl RPERSON RAMVBEY: Real qui ck.

DR SLOTWNER: During the ablation
procedures did the electrophysiologist use a
certain anplitude reduction to decide whether
nore ablation was required at that site or was
it a set duration ablation for each el ectrode?

DR CHER  The instructions to the
physician were to ablate for 60 seconds at 50
degrees, 35 watts, with a maxi num i npedance of
200 ohns, and the physician could use his
discretion as to whether or not another
abl ation could occur. So sone physicians nmay
have ablated twice, but it was at their
discretion and was dependent on what they
observed in terns of electrogram anplitude
decr ease.

You know, we had to let the
physi cians do what they know how to do, which
is apply an ablation catheter to the atrial
wal | .

DR KOCHERI L: I[f | could add to
that quickly, basically we were |ooking at 50
percent reduction, but often by a visual
estimate. The usual crux of the procedure is
to make sure that if a single lay of the
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catheter doesn't enconpass the line from SBC
to IVC, was to nake sure we overl apped so that
t here woul d be adequate |esion placenent.

And you know, there is all kinds of
variation, as you would know, from catheter
novenent and patient breathing and all of
that, but, yes, we were looking for at |least a
50 percent decrease, and the major issue was
maki ng sure that we covered the entire region
of the line.

DR CHER One nore thing I'd like
to clarify is that the before or after
anplitude neasurenents rely on extrene patient
participation, that is, the catheter has to be
in exactly the sane place, and if the patient
takes a deep breath or coughs or sneezes, the
catheter position mght nove a tiny bit,
somewhat |imting the anount of reduction that
we woul d see.

So | think that the nunbers we are
seeing are actually an underestimate of the
act ual ablation and the inprovenent in
el ectrogram anplitudes that's really existing.

CHAl RPERSON RAMBEY:  Ckay. Wl |,
t hank you to t he sponsor for your
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presentation, and thanks for your questions,
everyone.

W're going to take a 15 mnute,
slightly less than 15 mnute break. I'd |ike
everyone back at 11, please, to resune.
(Whereupon, the foregoing nmatter went off the

record at 10:50 a.m and went back

on the record at 11:03 a.m)

CHAI RPERSON RANBEY: kay. W are
all here now.

So it's now tine for ODE to give
their presentation on the issue, and they wll
I ntroduce the speakers, and as wth the
sponsor, it's 90 m nutes.

Go ahead.

DR TILLMAN:  Thank you.

Good norning. My nane is Dr. Donna
B. Tillman, and | am the D rector of the
Ofice of Device Evaluation, or CDE, in the
Center for Devices and Radiol ogi cal Heal th.

On behalf of CODE, as well as the
Division of Biostatistics and the Ofice of
Surveillance and Bionetrics, 1'd like to
wel cone the panelists and thank you in advance
for the tine and effort you have put into and
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will put into the review of this challenging
t opi c.

This norning | wll introduce the
FDA review team and provide a summary of their
presentation. l'd like to point out that
t hr oughout t he present ati on, di fferent
presenters may refer to the PVA revi ew team as
the FDA review team FDA, or ODE, and it's
really one and the sane thing.

This norning the FDA review team
will sunmarize for you their reasons for
I ssuing the two not approvable letters for the
Cardima Revelation Tx with NavAbl ator system

Dr. Bram Zuckerman, the D rector of the
D vision of Cardiovascular Devices, or DCD,
will provide an overview of the device design
and file history, as well as sone background
information relating to atrial fibrillation.

He will also provide a  Dbrief
overview of the FDA review and the reasons for
t he not approvabl e deci si on.

Next Dr. WIlliam Maisel wll then
provide a short presentation of the current
appr oaches to t r eat nent of atrial
fibrillation, as wel | as di scuss t he
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| nportance of acute procedural endpoints for
trial design.

Dr. Miisel is Assistant Professor
of Medicine in the Cardiovascul ar D vision of
Beth |srael Deaconess Medical Center in the
Harvard Medical School. He also served as the
co-primary reviewer for the My 29th, 2003
Cardima panel neeting, and he conpleted a
homewor k assignnent of the Amendnent 6 data
for the FDA review team

Dr. Leslie Ewing, the clinical
reviewer for the PVA, will then present FDA s
clinical review of the Cardima clinical trial,
followed by Dr. Hang Li, the statistical
reviewer of the PMA, who wll provide the
statistical review

Dr. Maisel will then come back to
the podium to give a brief discussion of his
views on the highlights from the My 29th,
2003 Cardi ma panel neeting.

And lastly | wll <close with a
brief conclusion and recomendati ons.

So with all of that being said, 1'd
like to turn the podium over to Dr. Bram
Zuckerman, who will provide an introduction to
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FDA' s review of the Revelation Tx system

DR ZUCKERVAN: Thank you, Dr.
Tillman, and thank you, panel nenbers, for
your time here today.

Atrial fibrillation is an inportant
public health problem It is the nbst comon
arrhythma seen in clinical practice and is
estimated that nore than two mllion Anmericans
have this disorder. AF manifests in multiple
ways and is a highly heterogeneous condition.

The henmobdynam ¢ inpairment and thronboenbolic
events associated with this rhythm disorder
can result in significant norbidity and
nortality in affected patients.

Treatnent options for rate and
rhythm control include nedical therapy, the
sur gi cal Maze procedure, and percutaneous
catheter ablation therapy. Wile percutaneous
catheter ablation therapy is currently being
actively investigated for the treatnent of
atrial fibrillation, it should be understood
that there are currently no FDA approved
catheter systens for treatnent of atrial
fibrillation,

The FDA Division of Cardiovascul ar
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Devi ces, otherwise known as DCD, has been
actively i nvol ved in pronoti ng devi ce
developrment in this area. In addition to
publishing a guidance docunent in 2004 on
trial design for atrial fibrillation, DCD has
al so been working with nultiple sponsors and
professional societies in this dynamc and
chal | engi ng ar ea.

Wile there may be significant
debate in the electrophysiological conmunity
about the best type of percutaneous ablation
procedure that should be perforned, the
division of cardiovascular devices does not
have an established preference. | nstead, the
abl ation study, whether right or left sided
shoul d be designed and executed to support the
cl ai n8 sought by the device manufacturer.

The sponsor has already shown you
the Cardinma ablation system and reviewed
princi ples of operation. Please renenber that
the NavAblator catheter, as well as the
Revel ation Tx catheter is an integral part of
the Cardinma ablation system Therefore, the
safety and effectiveness of both catheters
used as a system is what this dispute is
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about .

Wiile the sponsor believes that
this system has denonstrated a reasonable
assurance of safety and effectiveness, FDA
does not agree.

FDA has issued two not approvable
letters, the first for the original PMA and
the second one after review ng Amrendnent 6.
The proposed indications for use from both of
t hese subm ssions is shown on this slide.

W recognize that the sponsor has
proposed a new indication statenent in this
di spute resolution panel pack. However, the
newy proposed indication was not t he
statenent that was used when FDA issued the
two not approvabl e deci sions.

The primary difference between the
original indications for use and the revised
I ndication statement is the renoval of the
mentioni ng of the NavAbl ator catheter.

As wll be discussed in greater
detail by subsequent presenters, the Cardina
trial was a single arm wunblinded trial. The
chronic clinical effectiveness endpoint relied
on patients to sel f-report synptomatic
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epi sodes t hey bel i eved wer e atri al
fibrillation. The frequency of self-reported
synptonmati ¢ episodes reported during the 30
day baseline period prior to ablation were
conpared to the 30 day baseline period six
nont hs post abl ati on.

Al t hough i ndi vidual patient success
was defined, there was no predeterm ned goal
for the nunber of patient successes that were
necessary for the trial to be considered
successful . It was determ ned that the panel
woul d decide if the nunber of patients wth
sufficient episode decrease was clinically
nmeani ng.

Al though the trial design nmay not
be ideal, it was agreed by FDA at the tine of
the IDE submssion that this design was
feasible and could produce if execut ed
appropriately valid scientific evidence to
support a marketing approval. Unfortunately,
as you wll hear, the trial has not been
conducted well and, thus, the FDA review team
believes that the trial data are insufficient
to support approval .

The sponsor submtted the origina
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PMA in Septenber 2002. At this tinme the

pivotal trial was still ongoing. On May 29th,
2003, the Cardinma trial data were reviewed by
the FDA G rculatory Systens Devices Advisory
Panel . The panel voted against approval of
t he devi ce.

The reasons for the not approvable
vote included concerns regarding, one, the
| ack of appropriately nmeasur ed acute
pr ocedur al dat a; t wo, nonconpliance wth
patient reporting; three, confounding factors,
such as a change in nedications and treatnent
with pacenakers; and four, the excessive
nunber of protocol deviations.

You will hear nore regarding the
panel deliberations fromDr. Misel shortly.

FDA agr eed W th t he panel
recommendation and issued the first not
approvable letter on June 26th, 2003. In
response to this not approvable letter,
Cardima submtted Amendnent 6 to the PMA on
January 21st, 2004. Anendnent 6 of the PMA
focused only on the Phase 3 study patients and
included data for sone of the patients that
had not yet finished followup at the tine of
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the original PVA subm ssion.

The FDA review team carefully
reviewed these data. It was felt that the
addi tional data and anal yses provided in this
anendnent did not adequately address the
critical study problens raised in the first
not approvable letter. FDA therefore, issued
a second not approvable letter on My 21st,
2004.

Followng the issuance of the
second not approval letter, Cardima net wth
the FDA review team to discuss appropriate
next steps in June 2004, June 2005, and
February 2007. Cardima also net with senior
FDA managenent in md-2004 and late 2005
regar di ng appeal s of FDA review team
deci si ons.

In addition to these neetings,
there have been nultiple tel ephone and E-mail
comuni cations wth Cardinma representatives in
attenpts to wor k t owar ds resol ution.
Thr oughout this correspondence FDA  has
consistently expressed to Cardinma that new
clini cal data are necessary to support
approval of the device.
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I n conclusion, the key reasons that
led us to the not approval decisions for the
Cardima Revelation Tx Mcrocatheter wth
NavAbl at or system are threefold.

First, t he acute pr ocedur al
effectiveness was not denonstrated with either
ablation catheter of the Cardinma ablation
system

Second, the study did not show
chronic clinical effectiveness of the system

And, third, t he ri sk-benefit
profil e cannot be assessed.

The acute procedural effectiveness
was not denonstrated wth either ablation
catheter of the Cardinma ablation system For
the Revelation TX the data needed to determ ne
acute procedure success is mssing in all of
the study patients. For the NavAbl ator
catheter, although the acute procedure data
was collected and recorded, the results
denonstrate that the catheter was not
successful in a sufficient nunber of patients
in producing the required |l esion |ine.

Several factors contribute to the
inability to adequatel y assess chronic
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clinical effectiveness of the system Because
acute successful use of the Cardinma ablation
system was not shown in any individual
patient, chronic clinical effectiveness cannot
be attributed to the use of the system

Additionally, if we do accept that
chronic effectiveness can be accurately
evaluated, only 25 percent of the patients
reach the per protocol chronic effectiveness
endpoi nt .

Finally, the extent of the bias
associated with over reporting of baseline and
under reporting at followup of the subjective
endpoints of synptomatic atrial fibrillation
I s al so unknown.

The risk-benefit profile of the
Cardinma ablation system cannot be assessed
since neither the effectiveness nor the safety
of the system can be accurately determ ned.

In concl usi on, wi t hout this
information approval of the system cannot be
support ed.

I'd now Ilike to introduce Dr.
WIlliam Maisel from the Beth |Israel Hospital
who w il talk briefly about RF ablation.
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DR MAISEL: Good norning. |'mDr.

WIliam Misel. | am a practicing cardiac
el ectrophysi ol ogist at Beth |srael Deaconess
Center, Assistant Professor of Medicine at
Harvard Medi cal School . I"m al so the current
chair of the FDA Crculatory System Panel and
was a panel nenber at the initial Cardim
panel neeting in 2003.

What |'d like to do is just provide
a little bit of background regarding abl ation
catheters in general and specifically talk
about the factors that affect I|esion size;
tal k about the inportance of acute procedura
endpoints, and then touch briefly on the role
of the right atrium in ablation of atrial
fibrillation,

Well, the first nessage is that al
| esions are not made the sane, and one thing
that affects lesion size is the power, the
anount of power delivered through the catheter
to the el ectrode.

This shows an epicardial ablation
in a dog using a four millineter electrode.
So the electrode is the sane. Al of the
slides and data |'m showing you are not
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Cardima catheters. This is just genera
ablation, and you can see that a 40 watt
lesion is larger than a 30 watt |esion. So
sane catheter, different anount of energy
creates a different size |esion.

Vell, the other things that can
affect the size of the lesion are both the
el ectrode size and the catheter orientation.
On the top is a catheter positioned on a dog
thigh nuscle that is perpendicular to the
nmuscle and on the bottomis a catheter that's
parallel to the nuscle. On the right-hand
panel there are tw different types of
el ectrodes. There's a two mllineter
electrode and a five mllineter electrode.
For the parallel orientation what you can see
Is that the two mllineter electrode actually
creates a bigger lesion than the five
mllimeter electrode, all other factors being
the sane, the sanme anount of power delivered,
and that's because with a snaller electrode
there's a higher current density, and the
current density results in a larger |esion.

So it's not as sinple as big
el ectrode, big lesion, snmall electrode, snall
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| esi on. There are other factors. You can
al so see on the bottom that just changing the
catheter orientation, particularly for that
five mllinmeter electrode, greatly changed the
size of the lesion. So there are many factors
that affect |esion size.

This is an exanple of a single
catheter used on a thigh nuscle in a dog, and
different paraneters were varied, constant
voltage on the left, constant tenperature in
the mddle. This is an irrigated catheter.
So if you add irrigation, you get a |larger
| esi on.

And what you can see is that
despite it being the sane catheter, depending
on the settings, you can get a greatly
di sparate |esion vol une. In fact, the lesion
on the right is nore than five tines greater
than the lesion on the left, the sane
catheter, different settings.

So what we've seen is that |esion
size can be affected by power, tenperature,
el ectrode Si ze, cat heter orientation,
certainly the catheter type or the type of
energy delivered, and atrial anatony is the
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other big factor that can affect |esion size.

Here's a picture of a human

pat hol ogi ¢ specinmen of a right atrium It's
sliced open. At the back wall, the snooth
back wall is shown. SVC refers to the

superior vena cava and the ICV, the inferior
vena cava. FO is the fossa ovalis, and the CS
OS is where the coronary sinus is.

You can see that right atrium is
very conplex. It's not a snooth structure al
the way around. Part of the right atrium has
these invaginations that make it challenging
and nore difficult to get adequate ablation
| esi ons. In fact, there are snooth and rough
| esi ons.

And if you imagine a catheter
sitting in a parallel orientation on the
snooth surface, you can inmagine that the
lesion will be very different than if it's
sitting in an area where there are
I nvagi nations in crevices.

And, in fact, this does greatly
affect the lesion size, tenperature of the
burn, and potentially the effectiveness of a
cat heter.
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So because of these varying |esion
sizes and the factors that can affect ablation
with a given catheter and a given patient,
acute procedural endpoints are critical to
saf e and effective abl ati on. All
el ectrophysi ol ogi sts use them W use themin
every procedure for every arrhythm a.

There are a variety of exanples of
acute procedural endpoints, and it is not
wi dely accepted that there is only one right
answer for the type of acute procedura
endpoint that should be used, and these are
exanpl es of sone, but not necessarily all of
the acute procedural endpoints that have been
used: decrease in electrogram size, increased

pacing threshold before and after ablation,

creation of a |Iline of electrical block
fragnmentation or wdening of the 1ocal
el ect rogram or sonet i nes i nducti on of

arrhythma at baseline wth inability to
I nduce the arrhythma follow ng ablation. Al
of these are acute procedural endpoints.

Well, here's an exanple of an acute
pr ocedur al endpoi nt, t he reduction in
el ectrogram size, and this is from a hunman
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right atrium On the left-hand side of the
screen is pre-ablation. On the right-hand
side of the screen is post ablation, and if
you just focus on the very top panel where it
says A and there's an arrow, that shows the
size of the electrogram pre-ablation, and on
the right you can see that the electrogram
size got snaller.

These are extrenely sinple to
neasur e. They are measured essentially
I nstantaneously. Al EP recording systens can
be set to record continuously so that you
don't have to actually even do anything to
record these electrograns other than have the
cat het er in the  heart. They can be
automatically recorded continuously. They're
very sinple to do.

So this shows increased pacing
threshold as an acute procedural endpoint. On
the left is the change in threshold pre and
post ablation. On the right is |esion volune,
and what you can see is that the changing
paci ng threshold goes up as the lesion vol une
increases, and in fact, this is a wdely used
and easily neasured acute procedural endpoint
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during abl ation procedures as well.

VW al so frequently measure evidence
of a creation of a line of blocks. So rather
than just assessing individual Ilesions we
measure a series of lesions. On the left-hand
panel in the red circle is an exanple of an
el ectrogram that's neasured. On the right-
hand side of a line of block there's pacing
occurring on the left-hand side of that |ine
of bl ock.

Wen you look at the right-hand
panel in the sane patient after ablation,
there's nothing in that red circle, and that's
because a conplete |line of block has been
created, and there's no electrogram there's
no conduction across that |line and, therefore,
no electrogram on the other size of the line
of bl ock.

Creation of a line of block is much
harder to neasure, but it can be neasured.
It's not adequate to neasure it in a single
patient and assune it's happening in every
pati ent because of the variables that | have
di scussed earlier.

So the challenge is that what we
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know is that the nore ablation we apply, the
nore radio frequency energy we apply, the
larger the lesion wll get, and the nore
likely we are to be effective in ablating what
we're trying to ablate. Bigger lesions are

nore likely to help elimnate arrhythma, but

the problem the ying-yang, if you wll, is
that less ablation is Ilikely to be safer
because bigger lesions are nore likely to

cause probl ens.

And so these are a variety of
exanpl es of potential injuries that can occur
when we ablate, particularly in the right
atrium You can get phrenic nerve injury.
The nerve runs right near the right atrium and
you can end up wth diaphragmatic paralysis.
You can get thronbus formation, tanponade or
perforation, char on the tip of the catheter
which can potentially enbolize, and superior
vena cava stenosis if you apply cautery near
t he superior vena cava.

So, again, these are all things
t hat have been observed during ablation in the
ri ght atrium not necessarily wth the
catheter that you're considering today.
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Wll, just finally to touch on
where right atrial ablation stands currently
in the scheme of ablation for atri al
fibrillation, This is data from the Cappato
wor | dwi de survey. They sent surveys to close
to 800 centers worldw de who perform abl ati ons
and got answers back from about a quarter of
them This involves close to 8,000 ablations
over several years, and what you can see is
that right atrial ablation alone for atrial
fibrillation was very popular in the m d-1990s
nost likely because it's a little easier to
perform but it has fallen out of favor
because ri ght atri al abl ation al one, t he
consensus generally is that it's less likely
to be successful .

Now, | would <caution you when
interpreting data in general about the role of
right atrial abl ati on. There's a very
i mportant distinction between right atrial
ablation alone and bi-atrial ablation where
|l esions are also nmade in the left atrium or
right atrial ablation that occurs after
soneone has had a left atrial ablation in the
past. Those are very different circunstances,
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and this chart shows you right atrial ablation
al one.

So to summari ze, | hope you get the
message that many factors affect |esion size,
and because of that, it's critically inportant
to neasure acute procedural endpoints, and
it's critically inportant to neasure them at
the tine you do the ablation on the |esion
that you' ve just created. Because of the
di fferent topography and the different anounts
of energy that can be supplied, one |esion can
be effective and a lesion right next to it can
be i neffective.

So in general, we don't just
neasure acute procedural endpoints on sone of
the lesions we do. W like to have a neasure
that each of the burns as we go is effective
in sonme way.

| hope you can appreciate the role
of the right atriumin the ablation of atrial
fibrillation, It certainly doesn't
necessarily have no role, but it has fallen
out of favor wth regard to stand alone
procedur es.

At this point I'd |ike to introduce
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Dr. Leslie Ewing who will provide the FDA' s
clinical review

DR EWNG Thank you, Dr. Misel.

I will be presenting the FDA
clinical review of the Cardim study. The
Cardima clinical trial was a single arm
unblinded investigation conducted in three
phases. Phase 2(a) and 2(b) were feasibility
and Phase 3 was a pivotal trial. Each patient
was given a transtel ephonic event recorder
with which to record and transmt episodes of
synpt ons. A 30-day period at baseline was
conpared to another 30-day period six nonths
after ablation to determine the chronic
clinical effectiveness of the catheter system

There were two main subm ssions of
data from this trial to the FDA The first
subm ssion we'll <call the original PM\ had
data from Phases 2(b) and 3. This data was
presented to the Grculatory Systens Advisory
Panel in May of 2003. Dr. Maisel will later
present a summary of that panel neeting.

The second I|arge subm ssion was
Amendnent 6 to the PMA, submtted in January
2004 after the first not approvable letter.
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Thi s anendnent contained data on patients from
Phase 3 or the pivotal trial only.

The procedures in Phase 3 were
performed from Septenber 2000 to August 2003.
The pivotal trial was ongoing when the
original PVMA was submtted. The original PNA
contained six nonth followup data on 88
patients, al | of the patients in the
feasibility trial Phase 2(b), and the initial
52 patients with six nonth followup data from
the pivotal trial.

This was the data presented at the
May 2003 panel neeting. Anmendnent 6 contains
six month followup data on 84 patients, all
from Phase 3. This anendnent al so included
mul ti ple additional analyses which included a
re-anal ysis of conpliance with event recording
at the sixth nonth, a sensitivity analysis of
event recordings, and an analysis of anti-
arrhythm c nedi cati ons.

The nost | mpor t ant pr ot ocol
di fference between Phase 2(b) and 3 was the
addi tion of the NavAblator catheter. Ablation
| esi ons, acute pr ocedur al ef fectiveness
endpoint, and chronic clinical effectiveness
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endpoints were the sane. Each patient was to
have three Iines of ablation |esions perforned
in the right atrium one between the inferior
vena cava and superior vena cava oOr a
posteri or | at er al l'ine; anot her on the
posterior atrial septum and a third at the
cavotricuspid isthnus.

An  anterior line was optional
during Phases 2(a) and 2(b) and was renoved
from the protocol early in Phase 3 dues to
risk of sinus node danage. The protocol
specified these lines in both Phases 2(b) and
3. Al of these lesions were first to be
attenpted with the Revelation Tx catheter, and
if the isthnus Jlesion was not created
successfully, then the NavAbl ator catheter was
to be used.

The protocol states that the acute
procedural success endpoint for the Revel ation
TXx was a denonstration of reduction in
anplitude, fragnentation, or w dening of |ocal
el ectrograns, split potentials, or increase in
pacing threshold at the line of ablation.
Measurenent of acute procedural success is a
per patient assessnent.
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During the devel opnent of the
i nvestigati onal protocol, FDA and Cardim
agreed that decreasing the size of atrial
electrogram wll be recorded as a proxy
endpoint for docunenting a line of block at
the site of the ablation |esions.

The preclinical aninmal data showed
that the best indication of a transmural or a
full thickness ablation lesion as increase in
paci ng threshold. The next best was at |east
50 percent decrease and atrial electrogram
anpl i t ude.

Cardima set up in the protocol an
objective nethod for assessing the atrial
el ectrogram  mneasurenents. The atri al
el ectrogram neasurenents were to be recorded
and sent to a core lab for blinded review

Core lab review of the atrial
el ectrograns woul d hel p decrease the inpact of
I nvesti gat or bi as. The  NavAbl at or, a
pr ocedur al success endpoi nt was a
denonstration of bi-directional conducti on
bl ock at the cavotricuspid isthnus. The FDA
performance goal for this lesion set is at 90
percent of patients treated wll have bi-
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di rectional conduction block with |ower bound
of 80 percent.

Use of nonprotocol catheters 1is
considered a failure of the investigational
devi ce. This was communicated to Cardina
t hroughout the history of the investigationa
study, and this is standard for all ablation
cat heter I nvestigations. | f t he
I nvestigational catheter is unable to produce
the desired result and the investigator
chooses to use another catheter to adequately
treat the patient, then that patient is
consi dered an acute and chronic study failure.

The chronic effectiveness endpoint
was decrease in nunber of self-reported
synptomatic AF episodes at the sixth nonth
conpared to the baseline 30-day period. | f
the patient had three or four synptomatic AF
epi sode recorded during the baseline period,
they're required to have 75 percent reduction
I n nunbers of AF episodes at the six nonths to
be considered as success of the ablation
procedure while on this same nedications or
reduced dose.

If a patient had five or greater AF
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epi sodes, they were required to have 50
percent reducti on.

To insure conpliance wth the
recor di ng procedur e, t he patients wer e
required to record once a week plus
synptonmati ¢ epi sodes during both the third and
sixth nonth post ablation. Therefore, the
m ni mum nunber of transmssions required to
assure good conpliance would have been the
four routine transmssions each during the
third and sixth nonth post abl ation.

After enrolling in the trial,
patients were required to have three episodes
of synptomatic AF to be eligible for the
abl ation procedure. There was no nechanismin
place to insure that all reported episodes
were discrete. In other words, there's no
requi rement to docunent normal rhythm between
epi sodes. Therefore, patients could have
reported nmultiple times during a single
epi sode of AF.

There is a secondary effectiveness
endpoi nt described in the protocol which is a
clinically neaningful | mpr ovenent in the
quality of life nmeasured by the short Form 36
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and the atrial fibrillation severity scaled
guestionnaires conpared to baseline. Patients
conpleted the questionnaires at baseline and
at three and six nonths.

The safety endpoint of the trial
was the incidence of conplications both during
the first seven days after ablation and in the
24 nmont hs' fol | ow up.

CHAI RPERSON RAMSEY:  Sixty m nutes.

DR EWNG This slide shows the
total nunbers of patients per study phase. As
stated previously, the ablation procedure did
not change during Phases 2(b) and 3.
Arendnent 6 reported the pivotal study data
only, and that portion of the trial, the
safety cohort was described to be the 93
patients wth pr ocedur al data and the
ef fectiveness cohort for the pivotal trial
included only 84 patients wth six nonth
fol | ow up dat a.

We've included safety information
on patients in Phase 2(b) also. This patient
accountability slide is simlar to what you' ve
seen from Dr. Kocheril and shows that there
are 178 patients screened, 98 received the
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abl ati on procedure. There are 93 that had
verified data at the tinme of the subm ssion of
Arendnent 76 and those of the Phase 3 safety
patients, there were 84 that had six nonth
fol |l ow up dat a, and t hose are t he
ef fectiveness cohort. There were 64 patients
with 12 nonth followup and 30 with 24 nonth
f ol | ow up.

The safety group was 131 patients
from bot h Phases 2(b) and 3.

A nunber of catheters and catheter
conbi nations were used in this study. Ther e
are a total of 95 procedures perforned in 93

patients. Two patients had a repeat ablation

procedure to treat atrial flutter. Fifteen
percent have the revelation procedure to
treat A-12 flutter. Fifteen percent have the

Revel ation Tx used only. Fifty-seven had both
the Revelation Tx and the NavAbl ator used, and
in 28 percent of the procedures a nonprotoco
catheter was needed to be used because the
Cardinma ablation catheter failed to produce
the desired ablation lesion or required
el ect rophysi ol ogi c effect.

There are five di fferent
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nonpr ot ocol catheters used in this study.

The first of the FDA main concerns
with the study is assessment of procedural
ef f ecti veness. The acute procedur al
ef fectiveness was not denonstrated with either
ablation catheter of the Cardinma ablation
system | will go into sone detail on the
nmeasurenent of the acute procedural success
for the Revelation Tx in the next several
sl i des.

For the Revelation Tx, the conplete
data needed to determne acute procedural
success are mssing in all of +the study
patients. For the NavAbl at or cat heter,
al t hough acute procedural data was collected
and recorded, the results denonstrate that the
catheter was not successful in a sufficient
nunber of patients in producing the required
abl ation |ine.

Cardima has stated in the original
PMA, the presentation of the 2003 panel and in
Amendnent 6 to the PMA that the data was not
collected on acute procedural endpoint of the
Revel ation Tx catheter. Cardi ma states that
they cannot determne which, if any, of the
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I ndi vidual patients net the acute procedural
endpoint for the Revel ation Tx catheter.

This slide shows an excerpt from
the protocol on the use of the Revelation Tx
during the ablation procedure. The Revel ation
Tx catheter has eight electrodes that can be
used for nmaking ablation |esions. The
I nvestigator determ nes which electrodes that
he or she wll use depending on tissue
contact. Each electrode is used individually.
After the first ablation application, the
protocol directs the investigator to continue
RF ablation with the next electrodes in line
and conplete the entire sequence of the burn
line, then nove the catheter to overlap the
gap.

The investigator is instructed to
|l ook at the catheter after the end of each
burn line to look for thrombus or coagul um on
t he catheter.

This slide show a picture of the
Revel ation Tx ablation catheter with its eight
abl ati on el ectrodes. Each electrode is six
mllinmeters long and separated from the next
el ectrode by a thernocouple. Ther nocoupl e
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nmeasures tenperature does not abl ate.

After the catheter is determned to
be in good place by the investigator, each
el ectrode is activated one by one. The atrial
electrogramis to be recorded prior to energy
delivery and then after energy delivery for
each el ectrode. So if eight electrodes are
used, then there would be eight paired
measurenents or 16 total measurenents.

After the initial | esions are
pl aced, the catheter is noved and |esions
performed to overlap the gap. If each
el ectrode has a decreased anplitude after
ablation, then that |line of ablation could be
consi dered successful for that patient.

After the clinical neno for the
panel pack was witten and sent to you, we
pul l ed nunbers of mssing atrial electrogram
measurenments fromthe Cardima raw data. This
data was submtted after Amendnent 6.

This slide shows the average nunber
of lesions or burns per lateral and septal
line perforned by the Revelation Tx. Al of
t he patients have m ssi ng el ectrogram
measur enent s.
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Cardima has reported in Arendnent 6
504 neasurenents for the posterior |ateral
line and 424 for the septal |ine. They' ve
averaged the neasurenents across the entire
patient group instead of providing per patient
acute effectiveness. They report that the
conplete data, the pre and post ablation
el ectrogram neasurenents were electrode were
not coll ect ed. One hundred percent of
patients had mssing atrial electrogram data.

Therefore, the per patient acute procedure
success cannot be determ ned.

As you've heard already, acute
pr ocedur al endpoi nt s are necessary for
assessnent of clinical ablation procedures and
t he FDA assessnent of safety and effectiveness
of ablation devices. Procedural endpoints are
necessary to identify the goal of the ablation
procedure and, therefore, the point at which
applications of ablation Iesions can be
stopped by the investigator. They are
necessary to assess whether or not the patient
truly received the therapy.

W do not have any objective
evi dence that the patient actually received an
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effective line of ablation lesions with the
Revel ati on Tx. You cannot attribute the
ultimate outcone of the patient to the device
treatnent unless you know the patient had a
successful use of the investigational device.

They are also necessary to assure
the device is used in the same way in all
patients in the trial, provide data upon which
the base instructions to new users of the
device system and to identify potential
safety issues.

There were several patients that
required a catheter other than the Revelation
Tx to create the septal and posterior |ateral
lines of |esions. There are at |east four
patients that have the NavAblator wused to
create the septal |ine and three for the
|lateral line, and there are at |east three
patients that had nonprotocol catheters used
to create the lines.

Acut e procedural effectiveness data
was collected for the NavAblator catheter.
The catheter was wused in 77 of the 93
patients. Forty-eight of the 77, or 62.3
percent, had successful denonstration of bi-
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directional conduction block w thout the use
of a nonprotocol catheter.

Several factors contribute to the
inability to assess chronic clinical
effectiveness of the system Because acute
procedural success of the Cardinma ablation
system was not shown in any individual
patient, chronic clinical effectiveness cannot
be attributed to the use of the system

Additionally, if we did accept that
chronic effectiveness could be accurately
evaluated, only 25 percent of the patients
reach the per protocol success endpoint.

Cardima classified 49 patients as
having chronic clinical success in Arendnent
6. The FDA review team disputes that
classification in 28 patients. Therefore, the
FDA believes in nunber of patients that reach
the chronic clinical success endpoint in the
evaluation of the Cardima catheter system is
21 of 84, or 25 percent.

Because there is no placebo group
or conparator group Wwth an ineffective
therapy, it is unknown if the 25 percent would
be higher than the placebo rate. The placebo
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rate seen in several anti-arrhythmc drug
trials ranges from25 to 40 percent.

The protocol specifies that success
occurs in the patient on the sane nedication
regi men or decreased dose. The protocol also
specifies that patients that are inplanted
with a pacenmaker prior to the sixth nonth are
to be considered a failure.

Al so, | f t he i nvestigati onal
catheter system fails to produce the desired
el ectrophysiolic resul t and a
noni nvestigati onal catheter is needed to treat
that patient, that patient is considered a
study failure.

As you can see, the 28 patients not
considered by the FDA to be a success of the
clinical trial have a conbination of reasons.

Most commonly, an intervening treatnent that
coul d change the perception of synptons in the
patient and, therefore, was prespecified in
the protocol to nmake the patient a failure of
t he study.

The FDA review team and Cardi ma had
multiple conversations about the wuse of
nonprotocol catheters in this investigation.
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As docunented here, Cardinma agreed that the
FDA woul d consider these patients to be study
failures.

Now, how do the Amendnment 6 chronic
clinical success nunbers conpare to what was
presented at the 2003 circulatory systens
device panel? This is a slide taken from the
clinical review presentation at that neeting.
As you can see, 24 patients out of 88 were
found to have chronic clinical success of the
Cardi ma abl ati on system or 27 percent.

This is conparable to the 25
percent in Amendnent 6 from only the pivotal
trial. The nmethod of assessing which patients
met the chronic clinical success criteria from
the investigational protocol were the sane for
both revi ews.

An additional problem wth the
assessment of chronic clinical effectiveness
of the system is that we do not know the
extent of bias associated with over and under
reporting of the subjective endpoint of
synptomatic atrial fibrillation episodes.

The per pati ent per cent of
synptomatic transm ssions that were diagnosed
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to be AF range from 13 to 100 percent in the
basel i ne transm ssions. Patients varied a
great deal in their ability to distinguish
atrial fibrillation from other causes of
synptons or patients had different thresholds
for recording and transmtting rhythmstrips.

Al so, there was no nechanism in
place to determne if each transmssion
represented a discrete AF episode. There were
several patients that transmtted frequently
during the sanme day at baseli ne.

Pat i ent conpliance wth event
recording at six nmonths is critical to the
determnation if there really was a decrease
in synptomatic AF episodes. If only one
synptonmati ¢ episode was not recorded by the
patient, it mght nmake a difference if that
pati ent was considered a success or failure in
the target |evel of decrease in episodes.

Renmenber that we do not have any
objective neasurenents to show that the
patients actually received an effective line
of lesions with the Cardinma ablation system

In the original PVMA there were 22
of 83 patients that had no transmssions in
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the sixth nonth, and 31 additional patients
t hat had between one and three transm ssions,
which is a total of 63.8 percent with poor
conpl i ance. For Anendnent 6, Car di ma
reevaluated the transmssion data for the
sixth nmonth after ablation. They found that
in the original PMA the sixth nonth was
considered to be 151 to 180 days after the
date of the ablation procedure.

They also found that the date was
not recorded, that the site study coordinator
called the patients to tell them to start
using their event recorder again.

So for Anendnent 0, Car di ma
reanal yzed t he transm ssi on dat a t hat
classified a new sixth nonth period to be this
time at which there were the nost event
recor di ngs. The analysis of the new six
nont hs showed a different success profile and
di fferent conpliance rates.

Thi s new anal ysis showed that 24 of
84 patients had |ess than four transm ssions
in the new sixth nmonth tine period, or 28.5
wi th poor conpliance.

The FDA feels that the quality of
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life data from this trial can only Dbe
supportive. It cannot be used as a prinary
endpoint. The placebo rate cannot be neasured
to to an absence of a concurrent control group
because of the lack of acute procedura
endpoi nt dat a. Ve cannot correl ate
improvenent in QL wth the wuse of the
I nvestigati onal device system And this sane
problemw th intervening treatnent affects the
interpretation of QOL data just as it does the
ef fectiveness of the ablation procedure on AF
syst ens.

The third main concern wit the PMVA
is the ability to assess risk versus benefit.

As the effectiveness cannot be determ ned and
the details of the wuse of the ablation
catheters, specifically the Revelation Tx, are
unknown.

In the FDA review five patients had
maj or conplications in the first week after
abl ati on. Four other patients required a
pacemaker within two weeks of the procedure
If these four patients were included in the
adverse event rate, there was a 6.9 percent of
the patients that had a najor conplication.
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It is unknown how the investigators used the
Revel ation Tx catheter during the ablation
procedure. It is possible if the procedure
had been perforned in a standard way wth all
I nvestigators striving to achieve a Ilarge
decrease in atrial electrogram anplitude, then
t he adverse event rate nmay have changed.

The other possible safety concern
raised by the study was that 27 patients in
Phases 2(b) and 3 had a pacenaker i nplanted.
Fourteen al so had AV node ablation. This is a
rate of 20.6 percent.

It's very difficult to put this in
perspective Wwthout a concurrent control
group. FDA does recognize that these patients
are at increased risk of Si nus node
di sfunction and a need for pacing.

So in conclusion, the three key
reasons that FDA found the device system not
approvable twice 1is that acute procedure
ef fectiveness was not denonstrated with either
ablation catheter of the Cardinma ablation
system The study did not show chronic
clinical effectiveness of the system and a
ri sk-benefit profile cannot be assessed.
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Dr. Hang Li wll now discuss the
statistical evaluation of the system

DR Ll: Thanks, Dr. Ew ng.

As has been indicated in the
previous presentations, there are three major
concerns that FDA has wth regard to the
Cardima ablation system in this presentation.

In this presentation | wll focus on
explaining from a statistical per specti ve
FDA's position that the study did not show
chronic clinical effectiveness of the system

Let us briefly revisit the primary
clinical ef fecti veness endpoi nt and the
associ ated definition of chronic success that
has been descri bed in Dr. Ewi ng' s
present ation.

In the next slide, we provide a
visualization of it using a graph. This is a
graphical representation of the definition of
the target level reduction in frequency of AF
epi sodes necessary for a patient to be called
a chronic success. The horizontal axis
represents the frequency at baseline. The
vertical axis represents the frequency at six
mont hs.
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A patient falling in the Dblue
region neets the target level of reduction in
frequency. A patient falling in the white
region fails to neet the target |evel of
reduction in frequency. A patient in the
purple region is a screening failure and,
therefore, is excluded fromthe pivotal study.

A major obstacle to the evaluation
of chronic ef fecti veness of t he
i nvestigational device system is that we do
not have any information on the proportion of
chroni ¢ success under a conpletely ineffective
therapy investigated in a study simlar to the
Cardi ma pi votal study.

To elaborate on this observation,
|l et us take a constructive approach. For a
patient any difference between the frequency
of AF episodes at sixth nonth followup and
the baseline frequency wunder a conpletely
ineffective investigational therapy may be
conceptual i zed as a resul t of t he
superinposition of at |east three conponents
which we call intra-patient variability,
confounding factors, and reporting bias for
t he purpose of this presentation.
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Before going into nore detail, et
us briefly describe the above three conmponents
by | ooking at the study partici pant.

First of all, to be selected into
the study at |east three AF episodes per nonth
is needed, which 1is the starting point.
Suppose over the next six nonths the patient
IS in a reference state defined as follows.
The frequency of AF episodes goes up and down
random y without any systenmatic change.

In such a reference state, the six
month frequency differs fromthe baseline by a
random anount. This random difference
generates a probability for this patient to
reach the target |evel reduction in AF episode
frequency.

Now, let us superinpose on the
above difference any beneficial effect of
confounding factors on this patient. The
probability of reaching the target |I|eve
reduction is increased.

Finally, let us add any reporting
bias on top of intra-patient variability in
t he confounding factors. The probability of
reaching the target level reduction is further
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I ncr eased.

In the next few slides, we consider
our patient population undergoing a study in
which the investigational therapy is known to
be conpletely ineffective and every patient is
in a reference state.

In such a popul ati on every
patient's frequency of AF episodes goes up and
down randomy over a period of tine of six
nont hs wi thout any systematic change. Let us
call the population so constituted the
ref erence popul ati on.

By definition, in the reference
popul ati on the frequency of AF episodes at the
baseline and at six nonths nust follow a
bivariate or joint distribution that has the
feature that the marginal distribution of the
basel i ne frequency is the sane as the narginal
di stribution of the frequency at six nonths.

Wth this in mnd, let us picture
the joint or bivariate distribution of the
baseline in the sixth nmonth AF frequency in
the reference popul ation. It should be clear
that if this joint distribution has enough
scatter or spread, a non-negligible proportion
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of patients in the reference population wll
reach the target |evel reduction in AF
epi sodes associated with chronic success, and
with baseline selection, this proportion is
even | arger.

In a nonent I will show an
il lustrative graph. This slide provides
specifications in order to set up the
Il lustrative graph. The comon nmargi nal
distribution of base line and six nonth
frequencies is specified as Poisson with a
mean of four episodes per nonth.

The joint distribution is that of
two independent Poissons with a mean of four
epi sodes per nonth. The selection threshold
Is three or nore episodes per nonth at the
baseline, resulting in a 24 percent screening
failure which is in line with what happened in
the Cardi ma pivotal study.

This is an illustrative graph of
the joint distribution specified in the
previous slide. On the top is a histogram of
the baseline frequency. Onh the right is a
hi st ogram of the frequency at six nonths. The
purple part of the graph contains screening
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failures because the baseline frequency of AF
epi sodes falls below three. The part of the
graph to the right of the purple area contains
the patients selected into the study. The
blue area contains patients who neet the
target level of reduction. The proportion of
patients who neet the target | evel of
reduction is the total in the blue area
divided by the total to the right of the
pur pl e area.

W can see that even in a reference
popul ation in which confounding factors and
the reporting bias are both assuned to be
absent, there may be a sizable proportion of
patients neeting target |evel of reduction in
frequency of AF episodes just due to intra-
patient variability and baseline sel ection.

The  next slide contains sone
nuneri cal val ues. For the joint distribution
in the picture in the previous slide, wthout
sel ection the nean frequency of AF episodes is
four, both at baseline and at six nonths.

After selecting patients with three
or nore episodes per nonth at the baseline
into the study, resulting in the exclusion of
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about 24 percent of the patients, the baseline
nmean becones 4.77, while the nean at six
nonths is still four due to the specification
of 1 ndependence.

So there is a difference between
baseline and the six nonth nean just because
of selection.

The expected proportion of patients
reaching the target | evel reduction in
frequency of AF episodes would be 21.5 percent
with baseline selection. It would have been

16.3 percent as a proportion of the entire

popul ati on.

For ot her mar gi nal or j oi nt
di stributions, for exanpl e, a mar gi nal
di stribution cl oser to t he basel i ne

distribution observed in the Cardina pivotal
trial, t he above proportions may be
consi derabl y hi gher.

Now, let us proceed to the second

conponent of t he t hree conponent
conceptual i zati on, nanel y, conf oundi ng
factors. This slide displays sone of the
instances of confounding factors. They

I nclude nedication or changing nedication,
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pacemnaker use, and t he use of
noni nvesti gati onal cat heters and ot her
experinental artifacts, such as placebo effect
which can all service to nmake the probability
of a patient's reaching the target |evel
reduction higher than if the patient is in the
reference state.

Li kew se, those confounding factors
resul t in higher proportion of patients
reaching the target |evel reduction relative
to the reference population. In order to
address sone of the confounding factors, it is
specified in the protocol that patients wth
nmedi cati on change or dose increase are to be
classified as chronic failures, and it is
standard practice that patients in whom
noni nvesti gati onal catheters are used are also
to be classified as chronic failures. But
t hose neasures can only address some, but not
al |l confoundi ng factors.

Let us know turn to the final
conmponent of t he t hree component
conceptual i zati on, nanel y, reporting bias.
This slide displays sone of the underlying
causes of reporting bias. Over reporting at
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the baseline may be a result of inadvertent
multiple transm ssions of a single episode due
to inexperience or due to overenthusiastic
desire to be enrolled in the study.

On the other hand, under reporting
at followup may be a result of lack of
notivation or enthusiasm |ack of conpliance,
or placebo effect.

Reporti ng bias when superinposed on
confounding factors further increases the
probability of a patient's neeting the target
| evel reduction in AF episode frequency.
Li kewi se, reporting bias results in a higher
proportion of patients reaching the target
| evel reduction relative to that resulting
from the superinposition of conf oundi ng
factors on the reference popul ation.

Reporting conpl i ance I's one
i ndi cation of the dependability of t he
measurenent of the nunber of AF episodes. In
the original PMA it was found that 63.8
percent of patients had poor conpliance in the
reporting of AF episodes at sixth nonth
f ol | ow up.

In Amrendnent 6, t he sponsor
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reported that 28.5 percent of patients had
poor conpliance. It should be noted that in
reporting the 28.5 percent, the sponsor used a
definition of poor conpl i ance that S
different fromthe one used to obtain the 63.8
per cent .

The definition under | yi ng t he
reported 28.5 percent for conpliance in the
previous slide is based on the sliding 30-day
wi ndow that contains maxi num nunber of
transm ssions for each patient. Thi s
definition is guaranteed to lead to a better
conpliance nunber than a definition in terns
of a fixed tine window. But it is unclear how
much reporting bias this approach can address.

It should be noted that the sponsor
conducted a post hoc analysis which the
sponsor refers to as a sensitivity analysis
In this analysis, reported AF episodes both at
baseline and at six nonth followup l[ess than
a certain anmount of tine apart are counted as
one episode. Hence, the reported nunber of AF
epi sodes at six nmonth followup is replaced by
a smaller nunber for sone patients and |eft
unchanged for the others.
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Such an analysis cannot serve to
all eviate concerns about reporting bias, nor
can it alleviate any other concerns regarding
the effectiveness of the investigational
devi ce.

A useful sensitivity anal ysi s
addressing the issue of reporting bias is not
avai l able because there is no information
regarding the extent to which under reporting
has occurred at six nonth foll ow up

This slide goes back to the three
conponent conceptual i zati on. It illustrates
our lack of information on the rate of chronic
success under a conpletely ineffective therapy
investigated in a study simlar to the pivotal
st udy. W don't know the proportion of
patients reaching the target | evel of
reduction in frequency of AF episodes in the
reference population, and we don't know how
much confounding factors in the reporting bias
adds to that proportion.

Now, let us look at the chronic
success rate based on the reported frequency
of AF episodes in the Cardima pivotal study.
There is a disagreenent between the sponsor's
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calculation and FDA's assessnent. FDA woul d
like to clarify that. Qut of 84 patients
specified by the sponsor to constitute the
ef fectiveness cohort, which incidentally may
not be considered as an intention to treat
analysis set, only 21 can be classified as
chronic success as defined in the protocol,
resulting in an observed rate of 25 percent.
Agai n, we do not have any
information on the proportion of chronic
success under conpletely ineffective therapy
I nvestigated in the study simlar to the
Cardima pivotal study and, therefore, cannot
evaluate the <chronic effectiveness of the

i nvestigational device system

CHAl RPERSON  RAMNBEY: Thirty
m nut es.

DR LI: A caveat about the
calculation in the previous slide. Si nce

there is evidence that in 75 patients the
cavotricuspid isthnmus |esion was not nade per
protocol and that there is no evidence that
the acute treatnent of protocol for the
Revel ation Tx catheter was followed in the
same way in all sites, it remains a question
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how anal yses t hat pool dat a across
i nvestigational site can be neaningful or
I nterpretabl e.

The secondary quality of life
endpoi nts share a common set of concerns wth
the primary clinical effectiveness endpoint
regarding interpretability. W do not have
any information on what the expected results
of the QOL endpoints are under a conpletely
ineffective therapy investigated in a study
simlar to the Cardi ma pivotal study.

The conceptualization that has
served as a framework in understandi ng chronic
success associated with a primary clinical
ef fectiveness endpoint is also applicable to
under stand the QOL endpoi nts.

Selection of patients based on AF
frequency at baseline translates to selection
on baseline QL due to lack of independence
bet ween those two variables. The QOL woul d be
better on the average at six nonths than at
baseline in the reference population just
because of sel ection and I ntra-patient
variability.

The confounding factors for the
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primary clinical effectiveness endpoints are
al so confounding factors for the second QL
endpoi nt s.

The sanme factors causing reporting
bias for AF events may al so cause bias in QOL
nmeasur enent . Reporting bias for AF events
itself may |ead to bias in QOL measurenent.

G ven the above considerations, P
val ues correspondi ng to secondary QL
endpoints presented by the sponsor are of
guestionable interpretability. Not only are
t he appropriate hypot hesi s testing not
prespecified in the protocol. The appropriate
nul I hypot heses for QCL endpoi nts are unknown.

In sunmary, baseline selection and
intra-patient variability wll produce sone
proportion of chronic successes even with an
i neffective therapy. W don't know what that
proportion is. Confoundi ng factors in the
reporting bases make results even nore
uni nt er pr et abl e. Since we don't have any way
to satisfactorily address all of these in this
study, chronic clinical effectiveness of the
Cardi ma abl ati on system cannot be determ ned.

This concludes ny presentation
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Dr. WIliam Miisel is the next speaker.

DR MAl SEL: CGood norning, again,
or it mght be afternoon by now.

Wat 1'd like to do over the next
few mnutes is provide a brief summary of the
panel meeting that occurred on May 29th, 2003.
| was a panel nenber and prinmary reviewer at
t hat nmeeti ng. \%Y conment s wil | be
specifically only about the data that was
presented and available at the tine of that
neeting. M/ coments will not pertain to any
anendnents that nmay have been submtted after
t he neeti ng.

The panel was conprised of ten
participants wth diverse expertise and
ultimately t he panel vot ed t hat t he
application was not approvable for a variety
of reasons, but primarily because of |ack of
consi stently neasur ed acute pr ocedur al
endpoints, a failure to denonstrate device
ef fectiveness, sone safety concerns, and there
are some other issues. And I'll try to cover
each of these points briefly.

As we've heard, the protocol
required at Jleast one of the followng:
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reducti on I n el ectrogram anpl i t ude,
fragnmentation or wdening of the 1ocal
el ectrogram appearance of slip potentials or
an increase in the pacing threshold. Thi s
| atter acute pr ocedur al endpoi nt was
subsequently renoved fromthe protocol.

The panel felt that these acute
procedural endpoints were not consistently
measured or recorded on the data forns; that
there were significant amounts of mnissing data
which could not be retrieved because they were
not collected; that the procedural endpoints
were not particularly well defined, and by
that | nean there were not very specific
i nstructions regardi ng RF duration.

The tenperature goals and the
anplitude reduction specifics, and in general,
it was felt by the panel that acute procedural
endpoints were critically inportant for
assessi ng adequacy of RF delivery, for nmaking
a determnation about whether additional RF
was needed in that patient at that time, and
per haps  nost I mportantly, for devel opi ng
i nstructions for use.

Specifically, while there were a
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broad description of the anount in duration of
RF that was required, as indicated by the
sponsor, when specifically asked how many
patients received the recomended anount of
RF, if you wll, there's no data to support or
refute whether or not patients actually
recei ve the indicated anount of RF.

Device effectiveness was to be
assessed during t he si xth nmont h post
procedure. Patients were supposed to transmt
a recording when they were synptonmatic and
weekly whether or not they were synptomatic.
This would result in a mninmum of four
transm ssions per patient.

So based on that m ni mum four
transm ssions per patient at the tinme of the
panel neeting, of the 83 patients available
for analysis 22 patients had absolutely no
transm ssions during the sixth nonth. Thirty-
one had fewer than the four m ni mum
transm ssi ons per patient, and SO
approximately two-thirds did not rmake the
m ni rum nunber of transm ssions. It was
difficult to get at the precise nunber who
made the four weekly transm ssions versus
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synptomati c transm ssi ons.

It was the feeling of the panel
that you cannot assune that the patients who
did not make transm ssions were synptom free
and t hey sinply didn't make their
transm ssions because they didn't feel like it
and that they were otherw se feeling well.

There was also a sense that this
called into question the accuracy of the
out cone assessnent even for patients who made
t he m ni num nunber of transm ssions, and so it
just questions the whole data collection
| ssue, and as has been well discussed, there
was an overall poor conpliance wth the
pr ot ocol .

In addition, the results were
sonmewhat confounded by anti-arrhythma drug
use. The primary endpoint in the protocol was
defined as reducti on in frequency of
synptomatic episodes of atrial fibrillation
during the sixth nonth of followup conpared
to baseline frequency while on the sane
nmedi cati ons or reduced dosages, and close to a
guarter of the patients had an increase in the
medi cati on dose or a new nedi cati on added.
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And then there were a variety of

ot her issues which you may or may not choose

to discuss today with the new data set, but |

don't have tinme to go into great detail, but

there were multiple catheters including the

i nvestigational catheters used in individual

patients.

I st hrmus

There was an overall low rate of

bl ock W th t he i nvestigationa

cat heters al one.

procedur es
sense of

procedur es

As nentioned, there were variable
perforned, and we don't have a good
exactly what t hose vari abl e

wer e. Sone patients go certain

lines. W're not clear on exactly how nuch RF

and where it was applied, and mltiple

patients
abl ati on

assessnent

ended up receiving AV junction
which can confound a synptom

and affect quality of life

i nterpretation.

st andpoi nt

And finally, from a safety

, there was a high pacenaker rate.

The study protocol states that subjects

el ecting
prior to

consi der ed

(202) 234-4433

to receive inplantable pacenakers
six nmonths followup wll be
failures. COverall 20 patients
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recei ved pacenakers, two within ten days of

the procedure, 13 wthin six nonths of the

procedure.

And so as way of a summary, the
panel felt t hat effectiveness was not
denonst r at ed. There was a | ack of
consi stently neasur ed acute pr ocedur al
endpoi nt s. Significant anmounts of mssing

data, poor conpliance wth the protocol, use
of multiple catheters in individual patients,
a low rate of i st hrmus bl ock Wi thin
I nvestigational catheter alone, AV junction
abl ati on, confounding synptom assessnent, and
concerns regarding the high pacenmaker inplant
rate, and this resulted in a vote of not
approvable due to these concerns about
effectiveness and safety.

Thank you.

And at this tine | will invite Dr.
Tillman to provide the FDA summary.

DR TILLMAN. Thank you.

Ckay. In summary, as you' ve heard,
there's been extensive interaction between the
sponsor and FDA throughout the IDE and the PMA
pr ocess. CDE and t he Di vi sion of
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Bi ostatistics have reviewed all the data
present ed by t he sponsor fairly and
obj ectivel y.

During the course of our review
we' ve appl i ed subst anti al I nt er nal and
external resources and expertise to this
project and in an effort to fully evaluate the
data subm tted.

FDA agrees with Cardinma that AFIB
is an inportant clinical problem for which
additional treatnment options are needed. The
guestion of the role of right-sided ablation
and treatnment of AFIB is a conplex one, but
it's not the question you have to address
t oday.

Today you have to evaluate the
safety and effectiveness data of a specific
devi ce, t he Cardima Revelation system
Unfortunately, as you have heard, the FDA
review team continues to have severa
significant concerns regarding the clinical
data and its interpretation.

In conclusion and one last tine |I'd
like to revisit and summarize these nmain
concerns. The acute procedural effectiveness
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was not denonstrated wth either ablation
catheter of the Cardinma ablation system For
the Revelation Tx, the data needed to
determ ne acute procedural success is mssing
in all the study patients.

For t he NavAbl at or cat heter,
although the acute procedural data was
col l ected and recor ded, t he results
denonstrate that the catheter was not
successful in a sufficient nunber of patients
in producing the required ablation |[|esion
l'i ne. This makes it very difficult to wite
| abeling for the device.

Several factors contribute to the
inability to adequat el y assess chroni c
clinical effectiveness of the system Because
acute successful use of the Cardi ma system was
not shown in any individual patient, chronic
clinical effectiveness cannot be attributed to
the use of the system

Additionally, if we do accept that
chronic effectiveness can be accurately
evaluated, only 25 percent of the patients
reach the per protocol chronic effectiveness
endpoi nt .
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Finally, the extent of biases
associated with over reporting of baseline and
under reporting at followup of the subjective
endpoi nt of synptomatic atrial fibrillation
I s al so unknown.

The risk-benefit profile of the
Cardima ablation system cannot be assessed
since neither the effectiveness nor the safety
of the system can be accurately determ ned.

In considering whether or not to
approve a new device, FDA nust determne that
there is sufficient valid scientific evidence
to support a reasonable assurance of safety
and effectiveness. Al t hough a nanufacturer
may submt any form of evidence to the FDA,
the agency relies upon only valid scientific
evidence to determne whether there is
reasonabl e assurance that the device is safe
and effective.

Al t hough random zed control trials
are the gold standard for nedical devices, we
do have a fair anobunt of discretion in
deciding what the appropriate quality and
guantity  of evidence is needed for a
particul ar devi ce.
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It's inportant to note that valid
scientific evidence requires that not only
must a trial be well designed; it nust also be
wel | execut ed. So a study such as Cardima's
whi ch |acked matched controls could on its

face potentially constitute valid scientific

evi dence.

Fail ure to adequat el y contro
concomtant patient nedications or insure
pati ent conpl i ance with transt el ephoni c

reporting requirenments can turn a valid study
into an invalid one.

Furthernore, in determ ning whet her
or not there is a reasonable assurance that a
device is safe, FDA nust consider do the study
data constitute valid scientific evidence.
This requires that we consider study design
and conduct .

Can the device be labeled wth
adequate warnings against unsafe use? In
Cardima's case, the lack of data on acute
endpoints makes it difficult to see how mnuch
| abel i ng could be witten.

Do the probable benefits outweigh
the probable risks? In Cardima's case, we
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must consider the uncertain decrease and the
frequency of patient self-reporting of AFIB
versus the very real risks associated wth
performng of percutaneous ablation procedure
I nsi de the heart.

In determning whether or not
there's reasonabl e assurance that a device is
effective, FDA nust consider once again do the
studies constitute valid scientific evidence.

They must al so consider is the result seen in
a si gni fi cant portion of t he t ar get
popul ati on.

FDA' s anal ysis suggests that only
25 percent of the patients studied net the per
protocol primary endpoint.

Does t he devi ce pr oduce a
clinically significant result? The FDA review
team believes that the data provided by
Cardima do not provide valid scientific
evi dence of a reasonable assurance of safety
and effectiveness.

For these reasons, the FDA review
team does not believe that the sponsor has
provided sufficient valid scientific evidence
that denonstrates a reasonable assurance of
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safety and effectiveness for the Revelation Tx
system in its intended use. Therefore, we
continue to recomend that the Cardina
Revel ation Tx Mcrocatheter and NavAbl ator
System be determned not approvable at this
tinme.

W will welcone the opportunity to
work interactively with the sponsor to design
an addi tional premarket study.

That concludes FDA's presentation
for the Cardima Revelation Tx system Qur
reviewers and expert consultants wll be
avai l abl e throughout the day to answer any
addi tional questions you nmay have for us.

Thank you for your attention.

CHAI RPERSON RANBEY: Thank you for
t hat presentation.

W now have about five mnutes for
our panel to ask clarifying questions of the
FDA regarding their presentation. Yes.

DR H RSHFELD: | think the FDA
presentation has indicated that the Achilles
heel of this situation has been the weakness
of the original study design, the fact that
it's not controlled and the difficulty wth a
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val i d assessnent of endpoints.

And 1'd like to know whet her these
I ssues were discussed at the tinme that the
trial was launched and to what degree there
was unanimty between FDA and the sponsor in
terns of the acceptance of the study design.

DR ZUCKERVMAN.  Thank you for that
guestion, Dr. H rschfeld.

In order to understand the study
design, | think we have to put it in the right
contextual format, and as both the sponsor and
FDA indicated, atrial fibrillation is an
I mportant problem and it's very challenging
to design these studies.

As a result, in 1998, there was a
special neeting of the Grculatory Systens
Advi sory Panel, the panel upon which you and
others now sit, in which trial design was
di scussed extensively for this type of device.

At the tinme, the advisory panel
I ndicated that the type of trial design that
you've heard about today, patients using
t hensel ves as, quote, wunquote, their own
control was acceptable wth the followng
caveats, the caveats that you' ve pointed out,
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neaning that trial execution needs to be
superb or otherwise there are potentially
multiple other factors that hinder the ability
to clearly understand what you have at the end
of the day.

So that, vyou know, FDA and the
sponsor did nove down this path. Qur main
comment is that this can be an acceptable
trial design for the type patients enrolled,
but it needs to be executed extrenely well,
and there, | think, is the problemcurrently.

CHAlI RPERSON RAMVBEY:  Any ot hers?

DR SACKNER- BERNSTEI N: | have a
guestion for Dr. Tillman just to clarify
sonet hi ng. On your Slide No. 44 where you
list the patient accountability for Phase 3,
" m wondering if you can expl ain. | think it
was yours. No? Have | got the wong -- well,
Slide 44 on ny handout here. Ckay. Sorry.

There's a comment. There's one box
that says out of the 98 ablated, there were
five without verified data. Could you explain
what that neans?

DR EWNG Sure, and thank you for
pronoting ne to Dr. Tillman's position.
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(Laughter.)

DR TILLMAN  You can have it.

DR EW NG What that just neans,
ny interpretation of this is that the sponsor
didn't have the study nonitors fully check the
data and put it into their database.

DR CHER: May | add sone
clarification there?

CHAI RPERSON RAMSEY: Sorry. You
can't. You can clarify at the rebuttal
sessi on.

DR EWNG That's ny understanding
of verified data.

DR SACKNER- BERNSTEI N: As a
f ol | ow up, and congrat ul ati ons on t he
pronotion, was this study one that went
t hrough standard audit process as part of the
subm ssion where sites were audited?

DR EWNG Yes, | believe so.

CHAI RPERSON RAMSEY:  Yes.

DR SCHMD. | have a question for
Dr. Li. In the simulation that you
did, you showed that 16 percent of the
patients mght be expected to be treatnent
successes by chance, and you noted that that
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nunber mght be an overestinmate because of
ot her factors, |ike confounding and bi as.

The study as reported by Cardina
had a 58 percent success rate, which FDA
decided was nore |like 25 percent because of
sonme of those situations, such as the need for
ot her drugs or pacenakers.

It would seem to ne as if the
appropriate conparison to your 16 percent
would be the 58 percent rate before the
adjustnent for these other factors, in which
case it would seemto ne that there would be a
| arger than -- if 16 percent is your estinmate
of the chance rate, then the 58 percent is
much hi gher.

Il  was wondering if you could
conment on that.

DR LI: Ckay. In nmy simulation,
the expected proportion is about 21 percent,
if | renmenber correctly. So this proportion
Is in the reference popul ation. This refers
to in the reference population where other
confounding factors and reporting bias are
assuned to be absent.

So we would interpret this nunber
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In that perspective. So if we add confoundi ng
and if we add reporting bias, the percent
could be much higher than 21 percent, and this
21 percent was sinulated under a marginal
distribution of Poisson with a nean of four
epi sodes per nonth, which is very different
from the marginal distribution actually
observed in the pivotal trial.

If we redo the simulation using a
margi nal distribution, that's closer to what's
observed in the trial. Again, this percentage
may change, and actually we have done such
si mul ati ons.

CHAlI RPERSON RAMSEY: (o ahead.

DR SACKNER-BERNSTEIN:  In terns of
that nodel, I'm just wondering if perhaps you
coul d addr ess one questi on for this
nonst ati sti ci an. It would seemto ne that to
create a nodel such as that, not only would
you need to assunme a distribution of episode
frequencies, but you also wuld need to
assune, which you don' t as a Poi sson
di stribution, but you' d also need to assune a
certain magnitude of variability.

"' m wonderi ng what your assunption
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was. If that's correct in ny interpretation
that you need to assune a certain anount of
variability in order to say how nuch of the
subject variability could potentially explain
differences over that six nonth period, what
was the variability you assuned and what was
the source for that assunption?

DR LI: Ckay. You are absolutely
right that what drives the expected percent of
patients reaching target |evel of reduction is
driven by the two dinensional variability in
the bivariate or joint distribution. In the
simul ated exanple | wused in ny presentation
this bivariate variability corresponds to two
I ndependent Poi sson distributions with a nean
of four episodes per nonth.

And, again, we don't know what the
correct reference, correct joint distribution

Is to use for the reference population. So we

used this as an illustrative exanple to
concreti ze our concerns. So it's an
il lustration. There's no claim that this

distribution that was used in ny presentation
Is in any way close to the distribution that
shoul d be used for the reference popul ation.
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However, we have conduct ed
additional simulations in which the marginal
distributions match the ones observed in the
Cardi ma pivotal trial

CHAl RPERSON  RAMSEY: W  have
perhaps tinme for one nore qui ck question.

(No response.)

CHAI RPERSON  RANSEY: Wll, then
seeing none, we will break for lunch. W wll
reconvene in this room at 1:15, and the room
after you leave wll be secured by FDA staff,
and so please take anything that you want to
keep with you because you won't be allowed
back in the roomuntil we reconvene.

So we'll see everyone back at 1:15.

Thank you.

(Whereupon, at 12:32 p.m, the
neeting was recessed for lunch, to reconvene
at 1:25 p.m, the sane day.)

CHAl RPERSON RAVBEY: | f everyone is
ready, | would like to call the neeting back
to order. This is the rebuttal period and we
will start with the sponsor, with Cardi ma

Cardi ma has 15 mnutes to rebut the
FDA' s presentation. You may use a portion of
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that 15 mnutes if you wsh to present the
slides that you weren't able to get to, but it
would still be a 15-mnute total presentation.
And | wll give you a warning at five
m nutes. So when you are ready, go ahead.
CARDI VA FOLLOW UP/ REBUTTAL

DR CHER  Good afternoon. Dani el

Cher again representing Cardina. W have

prepared a series of slides. Can those slides

be put up?

Wiile he is putting those slides
up, | would like to |l et everyone know that the
first slide that we're putting up shows -- I'm
sorry. I would like to first say that the

panel today has heard about data that were
presented earlier in an earlier panel neeting
in My 2003. Those data were based on a
conbi ned anal ysis of phase 2 and phase 3 data.
| think that those data are not
relevant for this panel to be concerned wth.
Rat her, we ask that the panel consider only
the data that are presented in phase 3 wth
the 84 patients. And, just to let you know,
we have put an official objection through
counsel in the record.
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| put this slide up to express ny
confusion and perplexity wth sone of the
information that was presented by FDA Wth
respect to the acute procedural endpoint, we
used one that was entirely acceptable, one
that was designed in concert with the 1998
panel as well as wth electric key opinion
| eaders in el ectrophysiol ogy. And, in fact,
it's one that continues to be used.

In the next few mnutes, | wll
have sonme of our study investigators talk
about the directions that physicians were
given in the trial as well as reasons why
neasurenent in every single electrode is not
only not feasible. It's actually inpossible
and highly unlikely to have been done in the
st udy.

More inportantly, we believe that
the acute procedural data that we have are
substantially sufficient to provide reasonable
evidence that we, in fact, did ablate cardiac
tissue during the ablation procedures and
that, in fact, the ablation procedures were
done simlarly across studies.

Wth respect to chronic endpoints,
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| would Iike to say that | am again puzzled by
the comments that the FDA has given us. Ve
are told that the study was poorly conduct ed.
However, this study was designed according to
a 1998 panel that's one of the w dest, | argest
mul ti-center studies of atrial fibrillation
conducted to date.
This is known to be a difficult
study topic, but | think our investigators did
do a good | ob. It's a bit disturbing to ne
that we are told that the study was poorly
conduct ed. And, vyet, several investigators
had Bl MO audits by FDA.

Finally, we are going to talk

briefly about risk-benefit. First let me ask
Dr. Saksena to address acute procedural
out cones with respect to endpoi nt

nmeasur ement s.

DR SAKSENA: Thank you, Dr. Cher.

| would like to speak to the pane
on the issue that has been repeatedly said
that the acute procedural endpoint was not
collected in 100 percent of patients.

One of the hats | wear is | am one
editor-in- chief of one of the major cardiac
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EP journals. | see about 500 manuscripts that
conme across ny desk. To me this is the
| argest body of electrogram data that | have
seen in a report in ~cardiac ablation
literature.

What is absolutely correct is that
every one of those 16 or 17 points where an
electrogram is to be collected before an
ablation is done and after ablation is done
was not done. And the reason is quite sinple.
Those who do cardiac ablation know that the
heart noves during the process of ablation or
noves back and forth. El ectrograns are
obtai ned from a substantial proportion of the
el ectrodes of any catheter but they are never
obtained from wevery electrode in every
cat heter.

So in a reality check, there is
nore than enough el ectrogram information here
to show a decrease in electrogram anplitude
across each and every el ectrode.

So the issue of pacing threshold,
well, this has kind of fallen out of favor.
This was in the '"90s, we used to think about
that to show how we would do a |ook at
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abl ative tissue. W rarely look today at a
pacing from a site of ablation to show that
it's ablated. It is largely not done.

You have seen exanples of the line
of bl ock. | have witten about three or four
co-authored statements on standards for
ablation for the Heart Rhythm Society. Ve
have no definition of fragnentation because we
cannot define it. So it was nice that people
wanted to look at that, but that is a very
gual itative phenonmenon, even in the ventricle
where it is tal ked about.

Arrhythm a induction. The only
study that has | ooked at the specificity of AF
induction in patients with AF was done in ny

| ab. W published the only prospective study.

And we can tell you that after ablation,
arrythm a i nducti on I's a non- speci fic
endpoi nt .

Finally, isthnus block, as we have

di scussed repeatedly, is not an endpoint in

the trial.

DR CHER  Thank you.

By way of remnder, | would like to
share with the panel -- this is a slide that
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you have seen already -- the anount of data
that was collected in the clinical trial. As
you can see, this anmount is substantial. And

al though, as Dr. Saksena said, not every
el ectrogram anplitude was collected from every
electrode, we believe that these data are
substanti al .

As | showed you this before, there
Is substantial information to nake us feel
confortable that cardiac ablation tissue was
ablated in patients who underwent this
procedure.

Let me turn next to chronic
ef fecti veness. Actually, let ne turn next to
information wth respect to whether the
procedure was done the sane across study
sites.

Thi s S a screen shot of
information from our clinical trial protocol
t hat describes how the system woul d be set up.

W also have a nunber of pictures from our
clinical protocol. And | would like to ask
Dr. Kocheri | to descri be briefly t he
instructions to the investigators.

DR KOCHERIL: Thanks, Danny.
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There were explicit instructions
for use. And we found that new investigators
comng online to do the trial had very little
difficulty followng these instructions and
putting down the |ines.

As | nentioned previously, the
maj or issue was to nmake sure that the |line was
conplete so if the electrodes on one pass of
the catheter doesn't hit the SPC to IVC, then
you need to overlap electrodes to nmke that
happen.

And on the point of mssing
el ectrode data, the other thing to realize is
that sonme people have snall atria. So you
can't even put the eight electrodes down
contiguously. So they're going to be mssing
data from the electrodes that don't nake
contact with the atrium

In this study, there were explicit
I nstructions. | think the next slide shows
the power and tenperature, tenperature 50
degrees, 35 watts, 60 seconds. So there were
specific instructions for what to do at each
electrode in terns of ablating tissue.

You have already seen the Netter
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di agram of where the lines go. And these, Dr.
Mai sel showed a nice picture of the cutout, a
cutaway of the right atrium

So we know where the septumis. W
know where that posterior lateral |ine should
go, near the Christa termnalis. This is
anatony that all EPs | earn because we have to.

That's where we are ablating a lot of the
tinme.

So | think it is unreasonable to
say that there weren't explicit instructions
for use, and it's unreasonable to say that the
same procedures weren't done at different
study sites because this is our anatony. This
s where we are doing abl ati on.

DR CHER  Thank you.

| would like to talk a little bit
about study conduct. A BIMO audit was done at
several sites and in no case did the FDA
auditors find that the study was being poorly
conduct ed. As | nmentioned, it is one of the
wi dest nulti-center trials.

| am concerned and puzzled about
t he under -reporting and over-reporting
hypot hesi s that FDA has put forward. It is a
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strong word, but it is a type of conspiracy,
it seens to ne.

This would occur if al | t he
patients got together and said, "Hey, at
baseline, let's over-report our episodes” and
then they all got together in followup and
said, "Hey, let's under-report our episodes.
Let's also consider episodes that may occur
close together in tine." W all know that
this absolutely can occur.

W |ooked at patients who had
epi sodes that occurred close together. And we
actually assumed that those patients were
incorrect. W assuned that they reported two
epi sodes during one underlying run if they
occurred close together. Wen we elimnated
t hose, there was no difference what soever.

| would also like to point out that
t he trial as desi gned was desi gned
consistently wth recomendations from a
single arm Recommendations from the 1998
panel, no trial execution qualifications were
stated in that panel neeting in distinction to
what Dr. Zuckerman told us this norning.

| would like to turn next to
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NavAbl at or. As you are aware, there was use
of non-i nvesti gati onal catheters in this
st udy. | remnd the panel that these

catheters were wused for ablation of the
cavo-tricuspid isthnus, which was a preventive
maneuver to preventive isthnus, to prevent
atrial flutter, an illness that the patient
did not have.

The data that | showed you this
norning can help wus to interpret these
findi ngs. They show that which catheter was
used was not inportant. And they showed that
the achievenent of bidirectional conduction
bl ock, the acute endpoint that one would | ook
for in isthnus ablation did not nmake any
di fference whatsoever. And | rem nd the panel
t hat three approved —catheters are now
avai l able for cavo-tricuspid isthrmus abl ation.

| want to make a brief comment on
zero TTMs. This question cane up this
norning. There were a total of seven patients
in the phase 3 trial and eight patients in the
phase 2 trial who had no TTMs at six nonths.
In general, patients who had no TIMs were
treated as failures.
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And | would like to explain the
difference between the analysis we did in
phase 3 and phase 2. As was reviewed this
nmorning, in the earlier analysis, we nade the
assunption that all patients transmtted in
the 6-nmonth period from day 150 to day 180 -#
that was an wunrealistic assunption that we
subsequently found out was not happening. The
trial protocol allowed flexibility in the
six-month visit date. And it also allowed
flexibility in the 30-day reporting peri od.

W  took a very conservative
approach, which was to identify windows in
which there was maxi mum 30-day reporting of
epi sodes. And we wused that, instead, to
cal cul ate success rates and overall nunbers of
transm ssi ons.

CHAlI RPERSON RAMSEY: Just over four

m nut es.

DR CHER  Thank you.

In summary, let mnme talk about
ri sk-benefit. FDA has expressed a concern

that the data are sinply insufficient for us
to evaluate risk-benefit. |1'm perplexed. |'m
confused by this. Right atrial ablation of
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the risk is very

had only one device-related

se event .

The abl ati on

a whole is gromng and it's

y. | feel

that our data

what is known about atrial

ablation allows us to have

a very precise

estimate, a very precise know edge of what the

risks are inri

ght atrial ablation.

Finally, with respect to benefit,

we think that the Dbenefit Is clearly

denonstr at ed.

under went pacenaker

st udy. But ,

norni ng, nany

W are aware that sone patients

pl acemnent during the

as | reviewed for you this

patients underwent pacenaker

pl acenent because they are already counted as

failures and sought additi onal

Second,

treat nent.

we have a snall nunber of

pati ents who underwent pacemaker placenent for

br adycar di a.
atrial fibril
br adycar di a.

And,

This is not

ation. It's

finally, |Iet

anti-arrhythmc drug issue.
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data this norning that showed that a snall
nunber of patients had new anti-arrhythmc
drugs used. Based on our analysis of previous
data, we expect that after having failed three
anti-arrhythmcs, the Iikelihood of responding
to yet another anti-arrhythmc is very | ow

For that reason, we believe that
what we know about the natural history of
paroxysmal atrial fibrillation conbined wth
what we observed in our trial allows us to
have a really good handl e on what woul d happen
to these patients had they not undergone the
treat nent. None of them would have gotten
better. Many of them would have progressed to
chronic atrial fibrillation.

For this reason, we believe that
the trial itself does denonstrate sufficient
evidence in both the safety and effectiveness
profiles for wus to be able to nmake a
concl usi on.

Finally, I want to nmake one comment
on Dr. Li's nodeling. There was a question
about it this norning. Dr. Li and | actually
did very simlar nodeling. He rmade an
assunption which | believe was unrealistic.
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He assuned that patients actually had a
relatively |low occurrence rate of underlying
atrial fibrillation.

He noted for us this norning that
in alternative nodels, where we nodel AF
distribution nore along the lines of what we
observed, the Ilikelihood that a patient would
be a success due to chance alone would go
down. And that's nodeling that | showed you
t hi s norning.

So, in summary, we're perplexed by
the issues that were presented to us. Ve
believe there is sufficient information to
eval uate the acute procedural endpoint. W do
believe that there is sufficient information
to evaluate chronic effectiveness. And we
believe that we showed an effectiveness rate
that far exceeds what we would observe from a
pl acebo effect or any other biases. And,
finally, we believe there is sufficient
i nformation to make a risk-benefit judgnent.

Thank you.

CHAlI RPERSON RAMVBEY:  Thank you very
much.

W will now turn to the FDA who
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also will have 15 mnutes to rebut Cardinma's
presentation, if you choose. Yes. You will
see a yellow light up there. And I wll give

you a warning at five mnutes and one m nute.

CDE FOLLOW UP/ REBUTTAL

DR MALLI S: CGood afternoon. My
name is Elias Millis, Branch Chief of the
Car di ac, El ect r ophysi ol ogy, and Monitoring
Branch, the FDA group that has reviewed the
Cardi ma subm ssion to date.

Before we nove into the open pane
di scussion that wll follow on in a few
mnutes, | would like to offer a few remarks
on behal f of the FDA review team

Earlier this norning you have been
present ed with much I nformation about
Cardi ma's st udy, bot h from Cardi ma's
representatives and FDA

As you consi stently hear d
t hr oughout FDA's presentation, Cardi ma has not
provi ded sufficient clinical data which
denonstrate the safety and effectiveness of
its device system As a result, it is its
lack of evidence that l|led to FDA' s not
approvabl e deci si ons. | would like to take a
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few mnutes now to recap FDA's concerns for
you.

First, a key pr ocedur al
effectiveness was not denonstrated with either
the Revelation Tx or the NavAblator, the two
catheters that conpose the Cardima ablation
system

The sponsor did not docunent that
the Revelation Tx was consistently used for
each patient within the ablation procedure.
In particular, it is unknown whether the |ines
of lesions, as required in the study protocol,
were successfully created. Accordingly, the
data needed to denonstrate acute procedural
success is mssing in all patients.

Wil e acute procedural data on the
NavAbl at or cat heter was col l ected and
recorded, the NavAbl ator was not successful in
a sufficient nunber of patients in producing
the required ablation | esion |ine.

Second, the study did not show
chronic clinical effectiveness of the ablation
system Several factors contribute to this
concl usi on. Because acute successful use of
the Cardinma ablation system was not shown in

NEAL R. GROSS
COURT REPORTERS AND TRANSCRIBERS
1323 RHODE ISLAND AVE., N.W.
(202) 234-4433 WASHINGTON, D.C. 20005-3701 www.nealrgross.com




10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

200

any i ndividual pati ent, chronic clinical
ef fectiveness cannot be attributed to the use
of the system

Additionally, as you have heard
fromD. Ewming earlier, if we do accept that
chronic effectiveness can be accurately
eval uat ed, the protocol chronic clinical
success rate was only 25 percent.

Finally, t he scent of bi as
associated with over-reporting at baseline and
under-reporting at followup or the subjective
endpoint of synptomatic paroxysmal atrial
fibrillation is al so unknown.

Third, because neither the safety
nor effectiveness of the device system can be
accurately determ ned, FDA cannot assess the
system s risk-benefit profile.

This risk-benefit assessnent is
fundamental to FDA's evaluation of this novel
technology in our decision to approve or
di sapprove a device. This problem is
conmpounded by the fact that we cannot confirm
how the device system was used in any single
patient, coupled wth the fact that we don't
know whet her the system was used in the sane
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