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CLINICAL R E V I E W  O F  PMA ~- -- 

Putoose of submission: This modular 1WA intends to show that this ablation system is safe 
and effective for the treatment of drug refractory paroxysmal atrial tibraation. 

Materials reviewed: I have reviewed the clinical module, module 5. There arc 5 vc’lumes tU 

module 5. Xiey are numbered volume 1 - 11. Volumc 7 contains background information, the 
summar) of the clinical study, draft SSED and draft labehng. Volumes 8,9 and 10 contain the Case 
Report Forms on patients                                                                          Volume 11 contains the 
journal articles from the b                     

Indications for use: “The CardimaB Inc., RE\’ELATIONB l ’x  Ahcrocatheter witkt 
NavAblator RF Ablation System is indicated for treatment of Atrial Fibrillation in patients, with dnig 
refractory paroxysmal atrial fibrillation by mapping, pacing and ablating with a compatible 
radiofrequcncy generator, creating a set of continuous linear lesions along the lateral and scptal wa’lls 
and along the isthmus in the right atrium.” 

Device descriDtion: 

The REVELATION@ TX is a single use, steerable, multi-electrode ablation microcatheter 
(3.7F) with a flexible non-electrically active platintun coil tip. It has eight electrodes and eight 
thermocouples in a linear array near the distal end of the catheter. ’The ablation electrode!; arc 6min 
in length. Rzdofrequency energy is applied to each elcctrode individually. The catheter is meant to 
produce thin linear radiofrequency ablation lincs. It is intendcd to be used with a dcflectablr guiding 
catheter (Naviport) to propcrly position the distal tip. 

The NavAblatorrM is an 8F single use radiofrequency ablation catheter with four electrodes. The  
dstal electrode is a 4mm ablation electrode with a thermocouple sensor. The sponsor states that 
“The NavAblator is intended for the creation of lesions (either linear or focal) from its tip when 
diversc myocardial anatomy requires the features of a “hot tip” ablation catheter to achieve effective 
lesions.” (Volume 7 ,  page ii) 

The Naviport Guidmy cathrter is a deflectable guiding catheter in French sizes 8F to 11F 
designed to facilitate proper positioning of the Revelation Tx. I t  has two lumens, one for the device 
and the othei- a closed pull wire lumen. The Naviport has been cleared under 1<974683. 



?’he ablation system requires a KF generator. The sponsor does not produce a generator and so 
will be recommending that a RF generator with compatible parameters be used. The RF generators 
used in the clinical study were the Radionics RFG-3E and IBI l500T. 

SuDDortiVe data: 

Animal studies (pre-clinical studies summary from module 5): 

Volume 7, page iv “the Rerelation Tx was capably of creating continuous, linear trans.mural 
lesions, that a continuous lesion can be formed from sequential electrode ablations; that a set 
tcmperature of 50-55’ C a t  35W masimum power output were the bcst procedural parameters for 
minimal coagulum formation and optimal lesion formation. Thcsc studies also demonstrated that a 
low pre-ablation pacing threshold was an indicator of good tissue contact and that a large 'increase in 
the pacing threshold was a good indicator that lesions had been formed.” 

Clinical study: 

The premarket application is supported by a clinical study conducted under the IDE G970280. 
The study began in December 1997. It is a multi-center, prospective, non-randomized single arm 
study. The study was conducted in three phases with three different study endpoints and study 
protocols. These phases were Feasibdq or phase IIa (n=10 pts), Expanded Feasibilit) or phase IIb 
(n=3R pts) and Pivotal or phase 111 (n=61 pts). The pivotal phase is ongoing. There were 3 ,  15, and 
20 sites involved respectively. The sponsor states that the 99 patients of the Espanded Feasibdity 
and Pivotal phases are the data meant to support the market application, but 3 patients do not have 
monitored data available. 

l‘he protocol, page 207, states that the samplc size will be 80 completed subjects for the Phase 
111 study. 

The study had a DSMB. The DSMB met three times, twice by telcconferencc to review the 
study. The DSME? included a biostatistician, an electrophysiologst and a cardiologist. 

Summarv of protocol. phase 111 pivotal 

l’rocedural endooint: 
There was a procedural endpoint listed for both phase IIa and IIb. There are multiple descriptions of 
this procedural endpoint. From page 42 the procedural endpoint is described as “a reduction in 
post-ablation amplitudes relative to pre-ablation.” This \vas to be measured by “demonstration a t  the 
lines of ablation during sinus rhythm at least one of the following: a) reduction in the amplitude, 
fragmentation or widening of local electrograms or b) split potentials. From protocol page 207, 
volume 7, “The procedural endpoint of this study is electrogram amplitudes post-ablation relative to 
pre-ablation.” From page 72, ‘The protocol defines procedural (acutc) success as a reduction in 
electrogram amplitudes at the line(s) of ablation post-ablation comparcd to pre-ablation. Three 



indicators represent such changcs: a) reduction in the amplitude, fragmentation or widening of local 
electrograms; b) the appearance of split potentials; or, c) an increase in pacing thresholds.” 

The rcquiremcnt to measure electrogram amplitude prc and post ablation was removed for Phase 111 
(S7, August 3, 1998). The protocol does not mention measurcment of hi-dircctional block hut on 
page 73 of the submission it states “It must be noted that hi-directinnal block is thc primary indmlor 
of procedural success for the isthmus line”. 

Primam effectiveness enduoint: Reduction in frequency of symptomatic episodes during the 6“ 
month of follow-up compared to the baseline frequencj. If subjects had 2 5 episodes in the 30 day 
screening pcriod the)- werc requlrcd to have a reduction of 50% or more to he called a success. If 
there were 3-4 episodes during the baseline period, a reduction of 15% was required to he called a 
success. 

Page 210 of protocol states that, “Subjects electing to receivc implantable pacemakers prim to the six 
month follow-up w d  he considered failures.” 

Secondarv effectiveness enduoint: improvement in thc quality of life measured by SF-36 and the 
Atrial Fibrdlation Severity Scale (AFSS) compared to baseline 

Safetv endDoint: ’l‘he safety endpoint was listed as incidence of complications. No threshold was 
included in the protocol. 

Inclusion criteria 
Ilocumcntcd symptomatic parovgsmal mid 
fibnllatmn (a fib) refractory to at Icast two 
anti-;mhyrhmx drugs (if umiodarmc 1s uscd 
first, paticnt may bc refractory to amiodanxx 

I’rcqucnt, 3 or mom, symptomatic rp i sdcs  
during t h e  30-day bascline pcciod 

alonc and cntcrcd mto thC study) 

Uctween 21 and 80 ycims 
Inh,rmcd c<,nsent and cao f<,llOW pmtl,cul 

pn,ccdurc 01 cat, bc COIIVCltCd 

. . 
Normal sinus rhythm at  tlic time of thc 

Baseline obsemation oeriod 

Each patient was p e n  an event recorder for the 30 day baseline period. They wcrc instructed to 
carry the cvent recorder with them and record whenercr they feel the symptoms of atrial fibrillation. 
’Thc patients were also required to transmit wee!+ even if they werc nut symptomatic. To he 
considered for ablation in the study the patient must transmit a minimum of three episodes of a fib 
in the baseline period. Patients were not told the number of episodes required to he considered for 
ablation. 

Patients who fail the initial screening are allowcd to rescreen. They are then required to have 9 
total episodes in 90 days, which would average to he 3 per month. 

- 
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Baseline testing: history and physical, PT/PTI’& INK, “strcss test”, ECG and QOL questionnairps 
These questionnaires are the SF-36 and the Atrial Fibrillation Severity Scale (AFSS). 

TEE was to be performed within 48 hours of the ablation procedure. 

Procedure 

During proccdure all patients are heparinized with ;\CT maintained at 200 - 300 seconds. 

Before ablation the investigator is to record bipolar electrical signals to determine good tissue 
contact. “In general, sharp electrograms with high frequency components and large relative 
amplitudes indcate good contact.” Then pacing thresholds are to be measured while patient is in 
sinus rhythm. “In general, unless the electrodes are in thc superior or Inferior vena cava, pacing 
thresholds of less than 5.0 mA indicate adequate tissue contact of both electrodes in the pzir.” 

A pacing protocol is provided to locate thc position of the phrenic nerve. 

From protocol “Apply RF along three trajectories (posterolateral, posteroseptal and along the 
isthmus) a fourth trajectory (anterior) may be included at the option of the investigator.” All threr 
linear lesions are to be produced with the Rcvelauon Tx. “Thc NavAblator catheter is optionally 
available for ablation of the isthmus only after first attempting to create a linear burn with the 
Revelation Tx.” The  protocol also states that “conduction block may be verified using coronary 
sinus pacing while recordmg with a multipolar catheter deployed in the right atrium.” And the 
protocol goes on to states “If bi-dxectional conduction block cannot be obtained with the above 
proccdure, the physician should complete thc isthmus trajectoq using standard institutional 
procedures.” 

The RF energy is delivered to one of the eight electrodes at a time. 

The investigator was instructed to measure bipolar electrograms and pacing thresholds “to assess 
changes that have occurrcd as a result of the KF ene rg  application.” 

- 
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Per page 77 of submission, “Weekly evrnt monitor transmissions are compulsory during month one, 
month three and month six, even if the subject docs not experience symptomatic episodes ” 

Some differences benuern the Expanded Feasibhty phase (IIb) protocol and the Pivotal phase 
(111) protocol are: 

o In Phase I11 there was thc addition of thc NavAhIator catheter or u 4mm ubiaiion cuthelrr 
ojthe inuest&tors choice to complete thc linear lcsions thought to he required to treat a t d  
fibrilla tion 

’l‘herc seems to have been a different procedural endpoint for all three phases. The 
requirement to measure electrogram amplitude pre and post ablation was removed for 
Phase I11 (S7, August 3, 1998). The protocol docs not mention measurement of bi- 
directional block hut on page I 3  of the submission it states “It must be noted that bi- 
dmcctional block is the primary indicator of procedural succcss for thr isthmus h e ” .  

The primary objective in phase IIb was to prove the effcctiveness of the Revelation T a  
to create the linear lesions that would treat atrial fibrillation and in phase I11 the 
objective was to determine if the procedure was effcctive to decrease atrial titirillation 
episodes. 

o 

o 

After enrollment, before ablation, the paticnts are monitored for 30 days and must have a t  leazt 
three documented symptomatic atrial fibrillation (AF) episodes xvithin the monitoring period in 
addition to the other inclusion/exclusion criteria. . There were 5 paticnts whose screening rhythm 
strips wcre disputed when reviewed by cardiologists but thcy had already been ablated at t h a t  poini. 
Thrir data is included in the submission despite their baseline AF episode frequency being unknown. 

Follow-up was for 24 months which included visits a t  1,3, 6, and 12 months and a telephone 
interview at 24 months. Stress testing at 3 months post-ablation is included in the protocol hut 
results are not reported and analysis of results was nevrr included in the plan of the study. 

- 
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Four linear lesions in the right atrium were part of the ablation protocol, but not all patients 
received all thcse lesions. The locations of the lesions were: postero-lateral (A), septal (B), tricuspid 
isthmus (C) and anterior (D). 

Lesion lines Number of patients 
ABC 78 
AB 6 

ACD 5 
AC 2 

ABCD 2 
BC 1 

BCD 1 
Total 95 

From Table F-45, "Lesion Lines Ablated during RF ablation Treatment" 

82.1 
6.3 
5.2 
2.1 
2.1 
1.1 

100 

Revelation T u  only 
Other only 
Revelation Tx, othcr 

Rcvclation 'l'x, Navllblator 
NavAblator, other 

The Rerclation 'I'x catheter was used to create all lesions A, E and D. The tricuspid isthmus 
lesion or C was not able to be created with the Revelation TI in all patients. Some patientii rcquire,d 
the NavAblator or some other 4mm tip ablation catheter used off-label. 

Catheters used to make lesion C (from Table F-46, page 128) 
I Catheters I Number patients I % 1 

20 22.5 
18 20 
10 11.2 
5 5.6 
2 2.2 

The number of patients that were treated with only the investigational catheter system is 
56. It is not known from the submission which lesion set these 56 patients had during their 
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ablation procedure, or any other characteristic of these 56 patients such as how long was 
their follow-up. 

“Other” catheters used were: (from table F-47, page 128) 
1 Blazer n = 1 6  
9 Navlstar n = 7 
1 Mcdtronic n = 6 
1 ChI1h n = 3  

Total n=32 

At least one third of the Datients in this study required treatment with a 
non-investigational catheter because the investigational device failed to 
produce the lesion required. 

The  total number of patients that were treated with “other” catheters from Table P-46 is 33, 
and the total from Table E-47 is 32. The sponsor does not provide the outcome of the 
procedure for the patients that were treated with another device besides the investigational 
catheter. T h e  only data provided on the effectiveness data combines all patients, regardless 
of which procedure they received or with which device they were treated. 

The indlcation for use statement is “Thr CardimaB Inc., REVELIITION@ ‘l’x hficrocathcter 
with NavXblator RF Ablation System is indtcated for treatment of A%trial Fibrillation in patients with 
drug refractory paroxysmal atrial fibrillation by mapping, pacing and ablating with a compatible 
radmfrequcncy generator, creating a set of continuous linear lesions along the lateral and !septal walls 
and along the isthmus in the right atrium.” 

It  is unclear to me how the patients who had a different procedure performed in the 
clinical study provide evidence to support the procedure in the indications statement. 78 
patients had the procedure performed in the clinical study as what will be indicated if the 
device is approved. I t  is unclear from the submission how many of those 78 patients had :at 
least 6 months follow-up. 

The  sponsor does not discuss why they feel the data from the patients treated with a n o n -  
investigational device should be included with the effectiveness data and not considered 
failures of the investigational device system. Section 7.8, page 121, provides a brief cursory 
discussion of pooling of the different phases of the study and the different lesion sets and 
different ablation catheters. This discussion is not sufficient to answer the questions raised 
by this clinical trial. 

- 
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99 patients ablated under phases IIb and 111, but only 95 have monitored data 
80 have at least 6 months follow-up, but effectiveness data available only for 79 patients a t  6 months 
53 have at least 12 months follour-up 
29 have 24 months follow-up 

The follow-up of the 78 patients who received the most common 3 linear lesion set 
(posterolateral, septal and tricuspid isthmus) during their ablation is not specified,. 

3/95 patients had a second ablation procedure with the Revelation Ts. so there are 98 procedurcs in 
95 patients. 

DcmovraDhics: 
72/95 male, 75.8% 
23/95 female, 24.2 
Overall mean age 57.8 k 10.6 
74.7% of the patients had concomitant heart dtsease 

ages of men 35.3 to 75.9, mean was 56.4 * 10.21.2002 
age range ofwomen 27.9 to 77.1, mean was 62 k 10.7 

Withdrawals: 
7 patients withdrew from the study prior to 6 months follow-up 
11 patients total have withdrawn after ablation procedure performed, 6 of whom had 

pacemakers implanted and 2 had a MAZE procedure 

Protocol Deviations: 
There were 56 protocol deviations @age 44) which mainly consist of lahoraton./nssessments 

not performed. There were an additional 20 “Allowable Deviations” (page 45). It appears that these 
were “allowable” because of some patient condition. Hut included in this list are three patient not in 
sinus rhythm at time of the procedure. The submission states that the patients went back into atrial 
fibrillation after cardtoversion. These patients would not be classified as having paroxysmal 
atrial fibrillation if they were not able to be cardioverted. Also it is unclear how the acute 
procedu                                         atients was determined. More information is needed on 
patients                                     

Procedural data 

Table F-43, page 111 reports 22 procedures in which there were catheter performance problems, 3 
procedures in which there were problems with the ‘Is Select Switchbox, and three procedures in 
which there were problems with the NavAblator catheter.. 

,\cute procedure success 

The sponsor report amplitude reduction in 52 procedures for the posteroseptal and posterolateral 
lines, 16 proccdures for the isthmus line and 2 procedures for the anterior line. They discuss the 
difficulties in this particular measurement because of catheter movement. 

The requirement to measure atrial amplitude change after ablation was removed i.n Phase 111. 
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The dtscussion of acute proccdural endpoints in the submission mentions that biGdirectiona1 
block at the isthmus line is the success endpoint for that portion of the study. They do not report 
any data on bi-dwrctional block. The measurement of bi-dmctional block is not included in thc 
study protocol. 

It is unclear to me how the physician doing the study knows when he or she has complete,d 
the ablation. 

Frequency of AF episode and episode reduction 

# subjects with episode reduction 
250% reduction 
100% reduction 
<50% rcduction 
Withdrew 

Mean Y o  reduction * SI! 
Non-compliant with event recorder 

Baselme eDisode freauency 
Baseline number of symptomatic atrial fibrillation episodes 

Number of pauents 
3 14 14.7 
4 15 15.8 

% of total 95 

I I 

Number of episodes 

6 month follow-up 
n=19 
72/79 (9I.l0/o) 
61/79 (84.8) 
37/79 (46.8) 
12/79 (15.2) 
7 
1 
74.7 f 4.9 

7 4 4.2 
8 6 6.3 
9 9 9.5 

10-14 16 16.8 
15-19 5 5.1 
20-29 6 6.1 
z n i  4 4 7  

The sponsor states the mean of the above data, as 9.9 * 9.1, and the me lan  IS 7.0 I don’t think 
that the mean or median of all this data is clinically significant. What is important is the 
amount of change each patient does or does not make after ablation. It is interesting that 
the frequency of episodes seems to group around 3-4 episodes per month (30.5%) and 10-19 
episodes per month (21.9%). Is this bimodal distribution significant? 

AF euisode freaurncv reduction: 
Baseline AF frequency was a mcan of 9.9 ?r 9.1 episodes. The orcrall frcquency for 79 patients at 6 
months is reported to be 1.9 f 2.9. 
episodcs per month. It appears from table F-2% that 37 out of 79 (46.8%) patients had no 
symptomatic AF episodes at 6 months follow-up. 

57/79 (72.2‘Yo) patients at six months had fewer than three 
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There were 5 pauents whose basehne frequencl- was dsputed and these pauents are included m the 
above data. 

The  sponsors do  not present the data according to the change occurring per patient. They 
present the numbers of patients who had certain numbers of episodes at  baseline and at  six 
months hut  it cannot he known from the data what happened to each group of patients. The 
patient who had 3 episodes at  baseline might he one of the patients who had 10 episodes at 6 
months. 

The  above data does suggest that this group of procedures, with several different devices, 
has made symptom load decrease. I t  cannot he discerned though which orocedure. lesion 
set or catheter was effective. 

Change Patient number 
Decrease 33 

T".-rpW&- 71 
No change 26 

Percent 
41.3 
32.5 
26.2 

I t  is not stated whether there were patients who were able to come off medications;. 

Oualitv of Life results 
SF-36 (scale goes from 0 to 100, with higher numbers bettcr) 

l'he baseline mean scores for all 8 domains of this instrument were lower than the norm 

Baseline SF-36 scores 

*5 patients did not complete the questionnaire at baseline and not all patients answered all 
questions 

- 
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Baseline and Follow-up SF-36 

Baseline Three month 
N=88-89* N=66-72* 

Episode frequency 30.1 f2 45.4 i 3 <0.001 
Episodc duration 38.0 i2.6 49.0 f 3.7 <0.001 
Episode severity 49.1 i 2.6 66.9 f 3.1 <0.001 
Total AFSS 36.0 k 1.5 47.x i 2.1 10.001 

* Range of rcsponse sample size for each of the eight domains 

Six month 
N=60-71* 

<0.001 

a 0 0 1  

49.7 + 3.2 
49.8 i 4.3 
67.1 5 3.4 
50.8 i 2.4 

Atrial Fibrillation Severity Scale (AFSS) 
This is a disease specific quality of life scale. The sponsor has changed the orignal ranger, of the 
three portions of the scale (frequency at 11 points, duration at 8 points and severity at 10 points) to 
100 point scales to make them similar to the SF-36 scales. 100 is the best possible and 0 the worst:. 
They report the total AFSS scorc as the sum of the original three scale values transformed to a 100 
point scale value. 

The sponsor does not report the number of patients who had a clinically significant change 
in their QOL scores. The sponsor does not describe the method of administering the 
questionnaires. The sponsor does not address how to correct for placebo effect in this single 
arm unblinded study. 

Adverse events 

There were 57 adverse events total reported to the sponsors. This number includes adverse events 
that occurred after 7 days post-procedure. It appears that the sponsor is using a narrow 
interpretation of the standard adverse event definition included in their protocol. They have 
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included an alphabetical listing of all adverse events reported by the investigators but have included 
details on a selection of patients who had adverse events. 

1 he sponsor states that there were 4 major adverse events in 4 patients _ .  
1. 
2. 
3. stroke in paticnt                
4. 

perforation and pericardal effusion in patien            
SA nodc dysfunction in paticnt          

;\V fistula requiring surgery in patient          

In my initial review of the list of all adverse events I have found additional events that poijsibly fit the 
adverse event definition in the protocol. hlore information is required to make the determination. 

requiring pacemaker implantation in 9. neme damage patient        
patient        (required information 10. pericarditis in patients                       
ma)- be in the submission) 11. pneumonia in pati             

2. arrhythmia esacerbation requiring 12. slun burns patient        (itil'ormation 
cardioversion in patient          may bc in the subm          ) 

3. defibrdlation bums patients                  13. hematoma patient          
4. drug rraction (?) p                 
5. AV fistula patient          
6. hematoma patien          16. SVT patient          
7. infection patient        

1. SA node dysfunction, bradycardia 8. infection patient          

14. SA nodc dysfunction patie            
15. sore throat and URI patien          

As all the ablation lesions were placed in the right atrium the safety profile of this procedure 
should be comparable to an SVT ablation procedure. The patient population is probably 
older and would have more co-morbidity. The OPCs for SVT ablation studies requires the 
major adverse event to he less than 1% upper 95% confidence limit. If the above additional 
14 patients are added to the adverse event list the rate o f  adverse events would be 18/95 
patients or 19%. 

Conclusion: 

This study has many serious flaws. I think that the data is uninterpretable. 

Deficiencies: 
1. You have submitted a premarket application for an ablation system that includes 

hvo ablation catheters. In your supporting clinical trial one catheter, the 
Revelation Tx was tested in 95 patients and you have provided 6 month follow 
u p  o n  79 of thosc patients. The other catheter, the NavAblator was testcd in 41 
patients. In  five of  these patients, another non-investigational ablation catheter 
from another manufacturer used off-label was required to  complete the 
proccdure. The  FDA is concerned that thc amount of clinical testing 'vou havc 
provided for the Navrlblator does not provide a reasonable assurance of safety 
and effectiveness for this dcvice. Please provide more clinical data for this 
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device or alternatively provide justification for why you thmk that this amount of 
clinical testing does provide adequate clinical testing. 

You have provided summaries of follow-up and outcome for the patients 
involved in the clinical trial. 'I'he FDA review team requires more information of 
the patients to thoroughly review your application. Please provide a table of all 
patients who have been ablatcd with your ablation system which includes the 
patient identifier, date of procedure, catheters used and numbers(amount) of 
each, follow-up completed and dates, baseline atrial fibrdlation rate, atrial 
fibrilation rate at 6 months, medtcations at baseline and at the 6 month 
assessment. 

2. 

3. You have provided a summary of patient atrial fibrillation episode reduction in 
terms of amount of patients who had certain frequencies of events at six months. 
Please provide a complete trachng of the change in event frequency per patient 
or patient group. For example your study included 14 patients who had 3 events 
per month at baseline, what was the status of these 14 patients at the 6 month 
follow-up. ?'his data would necessitate the removal of the 5 patients who did not 
have an accurate baseline frequency recorded. Please provide the identifiers of 
those 5 patients. 

You have provided summary adverse event information for your clinical trial. In 
order to perform a complete revie                                                                             
additional information on patients                                                                             
                                    Please provide a summary of the adverse events that 
occurred and provide all the data monitoring forms and any other information, 
such as discharge summaries, used for your assessment of these advcrx events. 

5. You have provided summary data for all the patients treated with your ablation 
system and this includes patients who have been treated with non-investigational 
ablation devices, including a cooled ablation catheter. Please provide 
justification, both clinical and statistical, for pooling this data. 'This justification 
should include the effectiveness data assessment for the patients who were 
treated only with the investigational device. Please justify why the patients who 
required treatment with a non-investigational device should not be trezited as 
failures of p u r  device system. 

6. Your clinical trial includes many variables, such as many dfferent devices, 
different ablation procedures performed, and different study protocols for 
different phases of the investigation. Please provide a statistical justification for 
poohg of the data generated by the trial. 

7. The secondary effectiveness endpoint of your c h c a l  trial was improvement in 
quality of life as measured by hvo instruments, the SI;-36 and the Atrial 
Fibrillation Severity Scale, compared to baseline measurements. You have 
provided the mean scores and standard error for baseline, three month and sir. 

4. 
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month follow-up. Please provide the number of patients who achieved a 
clinically significant improvement or worsening from bascline to the six month 
follow-up. Please provide the details of how the QOL questionnaires were 
administered. Also please address adjusting for placebo effect in this single arm 
unblinded clinical trial. 

8. The acute procedural endpoint was dropped from the clinical trial protocol 
between phases IIb and 111. Please explain how thc investigators in phase 111 
determined when they had produced effective lesions. Is it your intention that 
the ablation procedurc would be strictly anatomically based? >\re you :mtending 
to recommend measurement of bi-directional block to assess the adequacy of the 
ti-icnspid isthmus ablation line? 

9. The primary effectiveness endpoint of the trial was decrease in frequency of 
atrial fibrillation episodes from baseline to 6 months follow-up. This was 
assessed by transtelephonic event recordings which were described as 
“mandator).” weekly in month three and six. This is not described in the 
investigational protocol. Please provide an assessment of compliance with the 
transtclephonic recordings per patient. Was there any other method in place to 
determine if patients were having symptoms not reported? 

10. Please provide details of the baseline monitoring period per patient. This should 
include number of recorded events and theit electrocardographic diagnosis, such 
as sinus tachycarha, atrial fibrillation, etc. Pleasc add the calculation of the 
percentage of recordings per patient that wcrc diagnosed to be atrial KbriUation. 

11. In the initial review of your chical summary in your PMA submission it appears 
that you have included the 11 patients who withdrew from the study after havmg 
an ablation procedure in your assessment of effectiveness. I’lease provide a 
justification for this approach, especially for the 6 patients who subsequently 
were treated with a pacemaker and the 2 who had a hIi\ZE procedure after the 
ablation procedure. Please provide the idcntificr numbers for these patients and 
the details of their treatment in your effectiveness assessment. 

12. You have provided a list of all the adverse events reported by the investigators 
arrange alphabetically by adverse event. Please provide a list of adverse events 
grouped by patient. 

13. Table F-18, page 64 of your submission, shows the baseline number o:f 
symptomatic atrial fibrillation episodes that occurred in the patient population of 
your study. It appears that there may be two groups of patients, grouped around 
3-4 episodes per month and again at 10-19 episodes per month. The FDA is 
concerned that bimodal distribution may represent a significant different in 
groups of patients. Please justify the pooling of all these patients. 

- 
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From Mathematical Statistician (G. Kamer) HFZ-542 
Division of Biostatistics, OSB 

Statistical Review of PMA P020039; REVELATION Tx Ablation System, Cardima, Inc. 

Cindy Demian - HFZ-450 
Division of Cardiovascular Devices, ODE 
Through: Director, Division of Biostatistics, OSB ~ 

Subject 

To 
6 2  

INTRODUCTION 

The Cardima REVELATION Tx Microcatheter System consists of a single use, steerable, multi-electrode 
ablation microcatheter (3.7F) with an atraumatic, flexible, non-electrically active tip, a.nd a single use, 
deflectable NavAblator "hot tip" ablation catheter (8F) with an electrically active tip. This system is 
indicated for treatment of atrial fibrillation (AF) in patients with drug refractory parox:ysmal atrial 
fibrillation by mapping, pacing and ablating with a compatible radiofrequency generator, creating a set of 
continuous linear lesions along the lateral and septal walls and along the isthmus in the right alrium. 

The study design is a multi-center (20 enrolling centers), prospective, non-randomized, single-arm, 
controlled study in which patients serve as their own control. The control is the establishment of a 
baseline for each patient during a monitoring period in which patients record symptomatic episodes of AF 
with portable event monitor cards and transmit these recordings once per week during a 30-day period 
prior to final determination of eligibility and subsequent treatment. 

The purpose of this study is to assess the safety and effectiveness of the REVELATION System in the 
treatment of patients with drug refractory paroxysmal AF by creating linear lesions with RF energy in the 
right atrium. The primary effectiveness endpoint is the frequency of any spontaneous symptomatic 
episodes of AF experienced by the patient. Quality of Life is a secondary effectivenes,s endpoint. Quality 
of Life is measured by the Medical Outcomes Trust Short Form 36 (SF-36) and the Atrial Fibrillation 
Severity Scale (AFSS). The incidence of complications is the primary safety endpoint. 

STATISTICIAN'S COMMENTS 

It is important to state that both clinical and statistical checklist processes suggested that this PMA not be 
filed at this time due to insufficient detail to permit meaningful in-depth reviews. While this in-depth 
statistical review will attempt to establish deficiencies to be addressed by the sponsor, the lack of detail in 
this PMA submission may lead to the identification of additional deficiencies as details are provided to 
replace generalities. 

The following are statistical deficiencies which exist in this submission and may he forwarded to the 
sponsor for response: 

I .  Please provide statistical and clinical justification for the pooling of the data from the Expanded 
Feasibility and Pivotal studies. The pooling of feasibility data with pivotal data to achieve 80 
patients with six-month follow-up, does not seem to have been addressed in the protocol. Is this a 
protocol deviation? 



2. While SO patients (as required by sample size process) have been followed for six months, the 
remaining 19 enrolled have not. All patients enrolled in the study should have been followed for 
at least six months. Please complete the study and then resubmit this PMA. 

3. The post hoc adequacy of the sample size of SO patients depends on the clinically sufficient 
narrowness of the 95% confidence intervals for the observed parameter estimates as well as the 
values of the observed parameters. Please provide clinical justification that these confidence 
intervals sufficiently establish safety and effectiveness. Were a priori acceptable differences from 
the estimates established during the sample size estimation process to assure sufficiently narrow 
confidence intervals around clinically acceptable point estimates? 

4. It is not clear that the paired t-tests are performed properly; data should he paired based on 
patient, not number of episodes. Please either justify your analyses or provide revised analyses 
based on data paired by patient. 

5. Please provide descriptive and inferential analyses by clinical site. Also, provide appropriate 
analyses by patient demographics. 

STATISTICIAN’S CONCLUSIONS 

While some of this study’s results appear to be promising, the lack of details concerning the a priori 
study design, the analyses of the results, and the clinical conclusions based the statistical analyses make it 
impossible to draw meaningful overall statistical conclusions on this device’s safety and effectiveness. 
The sponsor should provide that necessary detail. 

If you have any questions concerning this review, please call me at 7-4364. 

cc: Cindy Demian (HFZ-450) 
Bram Zuckerman, M.D. (HFZ-450) 
Elias Mallis (HFZ-450) 
Gerry Gray, Ph.D. (HFZ-542) 
DCC (HFZ-40 1) 
BIMO (HFZ-3 IO) 
Medical Device File 
Board File 
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I* '%.,,< MEMORANDUM 

DATE: November 8,2002 

FROM: Cindy Demian, M.S. 
Biomedcal Engineer 

TO: P020039-Major Deficiency Letter Memo 

RE: Carduna, Inc. 
RevelationTM Tx Microcatheter Ablation Catheter 
NavAblator Ablation Catheter 
NaviportTM Guidmg Catheter 
RevelationTM Tx Select Switch Box 
RevelationTM Tx Cables 

CONTACT: Marianne Baldwin, Director, Regulatory Affairs (51 0) 354-01 66 

Intended use: to deliver RF energy for treatment of atrial flutter and atrial fibrdlation (paroxysmal atria 
fibrillation). 

REASON FOR SUBMISSION 
The sponsor submitted an original PMA (Module MOOS), containing the clinical inforrnation for theit 
RevelationTM Tx and NavAblatorTM Ablation catheters, NaviportTM Guidmg catheter, RevelationTM T x  
switchbox and cables. 

BACKGROUND 
The sponsor met with FDA on July 8, 2002, so that both parties could bring the other side up-to- 
speed since this project changed hands several times since its conception in 1997. The meeting 
included discussions to include the NavAblatorTM, and treat the two investigational devices (the 
RevelationTM Microcatheter & NavAblatorTM) as a system. 

FDA met internally with Dan Shultz, Deputy Director, CDRH, to dlscuss how to han'dle this 
dilemma with two investigational devices, scientifically and regulatory issues. It was decided that 
the sponsor (if the): provided the appropriate data) could submit a PMA 

The sponsor submitted PO20039 (the gfh Module) on September 23,2002. Because the FDA :had 
met with the sp(Jnsor previously and advised them on submitting their PMA, Upper Management 
decided that the sections that they provided in the PhlA are fileable, although those scctions 
(clinical and statistical) may not be sufficient. FDA will send major deficiencies. 

On October 29, 2002, a meeting was held and it was determined that this PMA should be filed. 
We discussed the sponsor's request for an cxpedted review of the PMA. The sponso:c will be 
granted an expedited review because their investigational dericcs are considered: 

Life-threatening or irreversibly debilitating conditions with no alternative mod-. The 13 



condition or potential conditioddisease is serious or life-threatening, or presents a risk of 
serious morbidity and no alternative, legally marketed diagnostic or therapeutic modalities 
exist. 

A key issue whch was discussed at this f h g  meeting was the need for an advisory panel meeting. 
Because this is new indication for this type of device, FDA wdl take this to panel. It was noted that 
a Circulatory System Advisory panel meeting has already been scheduled for late December 2002. 
The sponsor preferred to attend the December Panel meeting, however, considering that Dr. 
Ewing needs more data on both devices it is not clear if the sponsor will be ready to participate at 
the February Panel meeting. 

At the filng meeting, Donna-Bea TNman, Deputy Director of the Cardiovascular Division, suggested 
to send the sponsor an email with all of the major and minor deficiencies. However, T’MA staff (Nicole 
Wolanslu and Lisa Fisher) recommended that this was not in the lieview Team’s best interest. 
’Therefore, the sponsor wlll be sent a major deficiency letter where the letter will state that the sterility 
issues are still pending. 

MODULE SUBMISSIONS 
I provided a summary of thc review history of the RevelationTM TX Microcatheter and NavAblator 
Ablation Cathetcr System with respect to the individual modules submitted and closed. 

MOO1 -Biocompatibility. Deficiencies sent September 28,2001. 
> ,4007-Sponsor responded January 28,2002 & May 28,2002. 
> AOO2- Sponsor responded May 28,2002. 
> Accepted Module on May 31,2002. Closed. 

MOO2 -Animal. 
> Accepted Module on September 28,2002. Closed. 

M003-Electricul& Mechanical 
> Electrical- Accepted review on August 24,2001. Section closed. 
> Mechanical-DeIiciencies sent March 28, 2002. Sponsor responded April. 15, 2002. 

Under review. 

M004-Munufucturing & Sterility. 
> Manufacturing-Section closed. 
> Sterility-Under Review. 

PO20039 (M005) -- Phase I, 11, and 111 clinical. Under review. 

In addition, two amendments to the PMA Shell were submitted: A001- update of shell plan and 
h002- change of contact to Ms. Marianne Baldwin. 

DEVICE DESCRIPTION 
The Revelation ’Tx system consists of the following components: 

Nav.4blatorTM Ablation Catheter (8E) 
RevelationTM Tx Ablation Microcatheter (3.7F) 



NaviportTM Guiding Catheter 

RevelationTM Tx Cables 
RevelationTM Tx Select Switch Box 

The RevelationTM Tx Ablation Microcatheter (3.7 F) is a single use, steerable, non--deflectable with 
an atraumatic, flexible, non-electrically active tip. It has eight electrodes and eight thermocouples 
temperatures sensors on the distal end of the catheter. l'his catheter is designed for the treatment of 
atrial fibrdlation by creating linear lesions. 

The NavAblatorTM Ablation Catheter (8F) is a single use, deflectable with an electrically active tip. It 
has four electrodes, including one embedded in its tip just proximal to a thcrniocouple. This catheter is 
designed for the treatment of atrial flutter in the isthmus region by delivering RF energy to cardiac tissue 
and is intended for the creation of spot lesions from its tip. 

The NaviportTM Guiding Catheter is used to aid in the positioning of the RevelationTM Tx. This exact 
device has already been cleared through 5lOQ for the same intended use. 

CONSULTATIONS 

Lesley Ewing, M.D.- Clinical protocol and Labeling 
Gray L. Kamer, Math Statistician- Statistical Analysis 
James Cheng- Electrical Engineering 
Cindy Demian, MS- Mechanical Engineering & Biomaterials 
Nick Jensen, D.V.M.. Animal Study 
Barbara Crowl, BIMO in OC 
Lisa I<ennell- Sterdization 
Susan Jensen- Manufacturing in OC 

Open Issues 
Open Issues 
(IloJ.ed lM,odule 
Open Issue 
Closed M,odule 
Open 1s:;ucs 
Still Pending 
No Issues thus far 

SUMMARY 

There were clinical, statistical, BIMO, and minor engineering concerns, see below: 

CLINICAL. CONCERNS 

l lr .  Lesley Ewing provided the chical consult (memo attached). Ilr. Ewing provided a detailed 
summa7 of the clinical protocol along with her comments. The sponsor was asked to respond to the 
following major deficiencies: 

1. You have submitted a premarket application for an ablation system that includes two 
ablation catheters. In your supporting clinical trial one catheter, the Reve1atio)q Tx was 
tested in 95patients andyou have provided 6 month,follow-up on 79 of those patients. 
The other catheter, the NavAblator was tested in 41 patients. I n j v e  of!he.se putients, a 
non-investigational ablation catheter,from another manufacturer was required to 
complete the procedure. The FDA is concerned that the amount of clinical testing you 
have provided.for the NavAblator does not provide a reasonable assurance of safety and 
effectiveness,for this device. Please provide more clinical data for this device or 
alternatively provide just~jcation,j ir  the adequacy of this amount of clinical testing. / 

5 
~~~~~ ~ ~~ ~~ ~~ 
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2. You have provided summaries ofthe,follow-up and outcome Jor the patients involved in 
the clinical trial. The FDA review team requires more information to thoroughly review 
your application. Please provide a table of all patients who have been treated with your 
ablation system. The columns should include the patient identijier, date ofprocedure, 
catheters used and numbers(amount) of each, follow-up completed and dates, baseline 
number of atrial fibrillation episodes, number of atrialfihrillation episodes at 6 months, 
medications at baseline and ut the 6 month assessment. 

3. You have provided a summary ofpatient atrial,fibrillution episode reduction in terms of 
amount ofpatients who had certain frequencies of events at six months. Please provide a 
complete tracking ofthe change in eventfrequency per patient or patient group. For 
example your study included 14 patients who had 3 events per month at baseline, what 
was the status of these 14 patients at the 6 month,follow-up. This datu would necessitate 
the removal of the 5patients who did not have an accurate baseline,frequency recorded. 
Please provide the identifiers of those 5 patients. 

4. You have provided summary adverse event information for your clinical trial. In order to 
perform a complete review the FDA review team requires additional infi7rmation on 
patients                                                                                                                 Please 
provide a summary ofthe adverse events that occurred andprovide all the data 
monitoringforms and any other information, such as discharge summaries, use,d,for your 
assessment of  these adverse events. 

5. You have provided summary data,for all the patients treated with your ablation system 
and this includes patients who have been treated with non-investigational ablation 
devices. including a cooled ablation cutherer. Please provide.iustificution, hotk clinical 
and statistical, ,for pooling this data. This justificalion should include the effectiveness ,. 
data as.sessment,for the patients who were treated only with the investigutional device 
and comparison with the group treated with both the investigational device system and 
other devices. Please explain why the patients who required treatment with a n,on- 
investigational device should not be treated as failures ofyour device system. 

Your clinical trial includes many variables, such as many dgfirent devices, d f i r e n t  
ablation procedures performed, and different study protocols for  different phases of the 
investigation. Please provide (I statistical justiJication,for pooling the d,rrta generated by 
the trial. 

6. 

7. The secondary effectiveness endpoint ofyour clinical trial was improvement in 8quality of 
life us measured by two instruments, the SF-36 and the Atrial Fibrillation Severity Scale, 
compared to baseline measurements. You have provided the mean scores and standard 
error for  baseline, three month and six month follow-up. Please provide the number of 
patients who achieved a clinically significant improvement or worsening-fivm baseline to 
the six month,follow-up,for the total group andjbr the subgroups ofpat ienrs by baseline 
episode rate. Pleuse provide the details of how the QOL questionnaires were 

j 1 
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adminisiered. Also, please address adjusimeni for placebo effect in ihis single urm 
unblinded clinical trial. 

The acute procedural endpoint M’US dropped,from the clinical irial proiocol behveen 
phases Ilb and III Please explain how the investigators in phase 111 determined when 
ihey had produced effictive lesions. Is  ii your intention ihat the ablation procedure 
would be stricily anaiomically based? Are you intending io recommend measuremeni of 
hi-directional block to assess the adequacy of the tricuspid isthmus ablution line? 

The primary effictiveness endpoint of the trial was decrease in frequenc,y of atrial 
fibrillation episodes from baseline to 6 months follow-up. This was assessed by 
transielephonic eveni recordings which were described us “mandaiory weekly in monih 
three and six. This is not described in ihe investigaiional protocol. Pleuse provide an 
assessment of compliance with the transielephonic recordings per paiieni. Was there ani’ 
other method in place to determine ifpatienis were having symptoms not reported? 

8. 

9. 

10. Pleuse provide details ofthe baseline monitoring period per patient. This should include 
number of recorded events and their electrocardiographic diagnosis, s w h  as sim.u 
tachycardia, atrial fibrillation, eic. Please add the calculation ofthe perceniage of 
recordings per patieni that were diagnosed to be atrial fibrillation. 

11. In ihe initial review ofyour clinical summary it appears that you have included the 1 I 
paiients who withdrewfrom the study after having an ablation procedure in your 
assessment of eflectiveness. Please provide a justijkaiion for  ihis approach, especially 
for the 6patients who subsequently were treated with apacemaker and ,!he 2 who had a 
MZEprocedure after ihe ablaiion procedure. Please provide the idenlifier numbersfor 
ihese paiienis and the details of iheir ireatmeni in your efeciiveness ass8essmen1. 

12. You have provided a list of all the adverse event.s reported by the investigators arranged 
alphabetically hy adverse event. Please provide a lisi oj’adverse events grouped by 
paiient. 

13. Table F-18, page 64 ofyour submission, shows the baseline number of sympiomatic 
atria1,fibrillaiion episodes ihat occurred in the patient populaiion ofyour siudy, It 
appears thai ihere may be two groups ofpatients, grouped around 3-4 e,pisodes per 
monih and again at 10-19 episodes per month. The FDA is concerned that this bimodal 
distrihufion may represent a difftence the patient’s disease process. Pl‘ease j us t i h  the 
pooling of all these paiients. 

STATISTICAL CONCERNS 

G a q  I<amer provided the statistical consult (memo attached). Mr. Kamcr provided a dctailed summary 
of the study protocol along with his comments. The sponsor was asked to respond to the following 
maior deficicncies: 
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1. Please provide statistical and clinical justification for the pooling ofthe data from 1 he Expanded 
Feasibiliiy and Pivotal studies. The pooling oSfeasibility data with pivotal data to (achieve 80 
patients with six-month follow-up, does not seem io have been addressed in the prorocol. Is this a 
protocol deviation? 

While 80patients (us required by sample size process) have beenfollowedj7r six months, the 
remainirig 19 enrolled have not. All patients enrolled in the study should have beer;# followed for at 
least six months. Please complete the study and then resubmit this P M .  

The adequacy ofthe sample size of 80 patients depends on the clinically suficient narrowness ofthe 
95% confidence intervals,for ihe ohservedparumeter estimates. Please provide clinical 
justification. Were a priori accepiuble dfferences,fiom the estimates esiublished during the sanple 
size estimation process io assure sufficiently narrow confidence intervals? 

2. 

3. 

4. 11 is not clear thai the paired t-tests are performedproperly; datu should he paired based on patient, 
not number of episodes. Please either just!& your unalyses or provide revised analyses based on 
data paired by patient. 

5. Please provide descriptive and inferential analyses by clinical site. Also, provide ynpropriate 
analyses by patient demographics. 

ENGINEERING CONCERNS 

Mr. James Cheng, Electrical Engineer and Software Expert, provided the electrical engineering consult 
for the Module 3. Mr. Cheng provided a detailed summary testing along with his comments. Mr. 
Cheng did not cite any major deficiencies, therefore, his portion of M O O 3  is considered closed,, unless 
there is a reason to re-open the module. 

I provided the mechanical engineering portion for the Module 3 .  It was clear after several Iscussions 
internally and with the sponsor that the Navhblator was to be used in conjunction with the Revelation 
Tx Microablation catheter (and were to be used a system). Because it was not clear with regancls to the 
issues revolving the NarAblator, I I d  revisit and made sure that both ablation catheters were tested (in 
the animal study, electrical engineering, mechanical engineering, and materials were biocompatible 
[sterility is stiU pending Jisa Kennell’s review]). During Dr. Ewing’s initial review of the PMA, she I d  
bring to my attention the Customer Experience Reports, in which there were corrective actions that 
were not resolved. I did cite these issues as minor deficiencies, in which the sponsor V J ~ U  be asked to 
respond to the following: 

1. Referring to the Customer Experience Reports, Table F-43, page 1 1 1 in Volume 1 of the 
PMA, please address the following: 

a. You report ID 2002000261 which occurs on both pages 117 and 1 18 at two different 
cites (General Hospital Center at Passaic and Inova Fairfax Hospital). This would 
seem to indicate that the ID numbers are not unique to a specific event or procedure. 
Please describe how these Customer Experience Reports IDS are identified and 
tracked. 
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b. For the reports that generated corrective actions, please confirm that these corrective 
actions were implemented. Please also confirm that the manufacturing module 
(M004) which was submitted reflects the updated processes containing the corrective 
actions. In addition, please provide a cross reference that calls out where the 
corrective actions are implemented in the manufacturing module. 

BIMO CONCERNS 

Ms. Crowl, (BIMO) noted that the sponsor should provide more information with regards to line 
data, patient consent forms, and addresses of the investigational sites, refer to email sent October 
31,2002. The sponsor responded by email on November 5,2002 to FDA’s request Ms. Crowl 
is still requesting line data, which is covered in the Dr. Ewing’s deficiency 4, refer to the 
concerns above. 

STERILIZATION CONCERNS - STILL PENDING 

Lisa Kenncll will provide the sterdization consult and the sponsor will be notified of the following: 

Please he advised that sterility issues regurding your PMA suhmission are still pending at this time. 

RECOMMENDATION - Major Deficiency Letter 

-, M a s :  

Cindy Dedan ,  MS., Lead Reviewer 
Cardtac Electrophysiology & Monitoring Branch 

Elias MaUls, Branch khief 
Carhac Electrophysi!i&gy & Monitoring Branch 

8 NOU 2002. 
Date 
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Ms. Marianne F. Baldwin
Vice President, Regulatory, Clinical, Quality U I4Lt
Cardima, Inc.
47266 Benicia Street
P.O. Box 14172
Fremont, CA 94538

Re: P020039
REVELATION® Tx Microcatheter with NavAblator Ablation System
Filed: September 23, 2002
Amended: November 6, 2002

Dear Ms. Baldwin:

The Center for Devices and Radiological Health (CDRH) of the Food and Drug Administration
(FDA) has completed an initial scientific review of the above referenced premarket approval
application (PMA). We regret to inform you that on the basis of this review, we have concluded
that the PMA lacks information needed to complete the review and determine whether there is
reasonable assurance that the device is safe and effective for its intended use.

Because of this lack of information, review of the PMA cannot continue and, accordingly, we
have listed the following significant deficiencies which require the responses as indicated:

I1. The PMA submission requests approval for two different ablation catheters, the
Revelation Tx and NavAblator. In your supporting clinical trial, the Revelation Tx was
tested in 95 patients and you provided 6 month follow-up on 79 of those patients. The
NavAblator was tested in 41 patients, five of which required a non-investigational
ablation catheter from another manufacturer to complete the procedure. FDA is
concerned that the amount of clinical evidence provided for the NavAblator may not
provide a reasonable assurance of safety and effectiveness for this device. Please provide
additional clinical evidence on the NavAblator or, alternatively, justify why the amount
of testing already provided provides a reasonable assurance of safety and effectiveness.

2. You provided summaries of the follow-up and outcome for the patients involved in the
clinical trial. Additional information is needed in order for FDA to thoroughly review
your application. Please provide a table of all patients who have been treated with your
ablation system. The columns should include the patient identifier, date of procedure,
identify and number of catheters used, follow-up completed and dates, number of atrial
fibrillation episodes at baseline, number of atrial fibrillation episodes at 6 months,
medications at baseline, and medications at the 6 month assessment.
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3. You provided a summary of patient atrial fibrillation episode reduction in terms of
number of patients who had certain frequencies of events at six months. Please provide a
complete tracking of the change in event frequency per patient or patient group. For
example, for the group of 14 patients who had 3 events per month at baseline, please
identify the status of these 14 patients at the 6 month follow-up. This data presentation
necessitates the removal of the 5 patients who did not have an accurate baseline
frequency recorded. In addition, please provide the patient identifiers of those 5 patients.

4. You provided summary adverse event informati                                                                   
additional adverse event information on patients                                                                  
                                              Specifically, provide a summary of the adverse events that
occurred and provide all the data monitoring forms and any other information, such as
discharge summaries, used for your assessment of these adverse events.

5. You provided summary data for all patients treated with your ablation system, including
patients who were treated with non-investigational ablation devices, such as a cooled
ablation catheter. Please provide clinical and statistical justification for pooling these
data. Your justification should include the effectiveness data assessment for the patients
treated only with the investigational device and comparison with the group treated with
both the investigational device system and other devices. Please explain why the patients
who required treatment with a non-investigational device should not be treated as device
failures.

6. Your clinical trial includes many variables, such as different devices, different ablation
procedures performed, and different study protocols for different phases of the
investigation. Please provide a statistical justification for pooling the data generated by
the trial, given these variables in the study.

7. The secondary effectiveness endpoint of your clinical trial was improvement in quality of
life (QOL) as measured by two instruments, the SF-36 and the Atrial Fibrillation Severity
Scale, and measured at baseline and at various post-treatment time points. You provided
the mean scores and standard error for the instrument scores at baseline, three month and
six month follow-up. Please provide the number of patients who achieved a clinically
significant improvement or worsening from baseline to the six month follow-up for the
total group and for the subgroups of patients stratified by baseline episode rate. Please
explain in detail how the QOL questionnaires were administered. Also, please address
adjustment for placebo effect, given that the clinical study was consisted of a single arm
and was unblinded.

ac)



Page 3 - Ms. Marianne E. Baldwin

8. The acute procedural endpoint was dropped from the clinical trial protocol between
phases Ilb and III. Please explain how the investigators in phase III determined when
they had produced effective lesions. Please clarify whether you intended the ablation
procedure to be strictly anatomically based. Please explain whether you intend to
recommend measurement of bi-directional block to assess the adequacy of the tricuspid
isthmus ablation line.

9. The primary effectiveness endpoint of the trial was decrease in frequency of atrial
fibrillation episodes from baseline to 6 months follow-up. This was assessed by
transtelephonic event recordings which were described as "mandatory" weekly in months
three and six. This is not described in the investigational protocol. Please provide an
assessment of compliance with the transtelephonic recordings per patient. Explain
whether any other method was established and used to determine if patients were having
symptoms not reported.

10. Please provide details of the baseline monitoring period per patient. This should include
number of recorded events and their electrocardiographic diagnosis, such as sinus
tachycardia, atrial fibrillation, etc. Please add the calculation of the percentage of
recordings per patient that were diagnosed to be atrial fibrillation.

11. Based on our review of your clinical summary, it appears that you included the 11I
patients who withdrew from the study after having an ablation procedure in your
assessment of effectiveness. Please justify using this approach, especially for the 6
patients who were subsequently treated with a pacemaker and the 2 patients who had a
MAZE procedure after the ablation procedure. Please provide the identifier numbers for
these patients and the details of their treatment in your effectiveness assessment.

12. You provided a list of all the adverse events reported by the investigators, arranged
alphabetically by adverse event. Please provide a list of adverse events grouped by
patient.

13. Table F-iS , page 64 of your submission, shows the baseline number of symptomatic
atrial fibrillation episodes that occurred in the patient population of your study. It appears
that there may be two groups of patients, grouped around 3-4 episodes per month and
again at 10-19 episodes per month. FDA is concerned that this bimodal distribution may
represent a difference in the patient's disease process. Please justify the pooling of all
these patients.

14. While 80 patients (as required by sample size process) have been followed for six months, the
remaining 19 enrolled have not. All patients enrolled in the study should have been followed for
at least six months. Please submit an updated clinical report that includes study results from
these addition 19 patients.
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15. The adequacy of the sample size of 80 patients depends on the clinically sufficient narrowness of
the 95% confidence intervals for the observed parameter estimates. Please provide clinical
justification. Were a priori acceptable differences from the estimates established during the
sample size estimation process to assure sufficiently narrow confidence intervals?

16. It is unclear that the paired t-tests were performed properly; data should be paired based on
patient, not number of episodes. Please either justify your analyses or provide revised analyses
based on data paired by patient.

17. Please provide descriptive and inferential analyses by clinical site. Also, provide appropriate
analyses by patient demographics.

18. Please address the following issues related to the Customer Experience Reports, supplied
in Table F-43, page 111 in Volume 1 of the PMA:

a. You report ID 2002000261, which occurs on both pages 117 and 118 at two
different cites (General Hospital Center at Passaic and Inova Fairfax Hospital).
This suggests that the ID numbers are not unique to a specific event or procedure.
Please describe how these Customer Experience Reports IDs are identified and
tracked.

b. For the reports that generated corrective actions, please confirm that these
corrective actions were implemented. Please also confirm whether the
manufacturing module (M004) reflects the updated processes containing the
corrective actions. Finally, please provide a cross reference that calls out where
the corrective actions are implemented in the manufacturing module.

The deficiencies identified above represent the issues that we believe need to be resolved before
our review of your PMA application can be completed, and reflect the completion of our review
except for the sterilization section of the PMA application. In developing the deficiencies, we
carefully considered the statutory criteria as defined in Section 515 of the Federal Food. Drug,
and Cosmetic Act for determining reasonable assurance of safety and effectiveness of your
device. We also considered the burden that may be incurred in your attempt to respond to the
deficiencies. We believe that we have considered the least burdensome approach to resolving
these issues. If, however, you believe that information is being requested that is not relevant to
the regulatory decision or that there is a less burdensome way to resolve the issues, you should
follow the procedures outlined in the "A Suggested Approach to Resolving Least Burdensome
Issues" document. It is available on our Center webpage at:
http://www.fda.gov/cdrh/modact/leastburdensome.html

This letter reflects the current progress of our review of your application. Please be advised that
further substantive review of your application or any response to this letter may result in
additional deficiencies.
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This is to advise you that an amendment including the above requested information will be
considered a major amendment and may extend the FDA review period up to 180 days. As
provided by 21 CFR 814.37(c), you may decline to submit a major amendment requested by
FDA in which case the review period may be extended for the number of days that elapse
between the date of such request and the date that FDA receives the written response declining to
submit the requested amendment.

As provided under 21 CFR 814.44(g), FDA will consider this PMA to have been voluntarily
withdrawn if you fail to respond in writing within 180 days of the date of this request for a PMA
amendment. You may, however, amend the PMA within the 180-day period to request an
extension of time to respond. Any such request is subject to FDA approval and should justify the
need for the extension and provide a reasonable estimate of when the requested information will
be submitted. If you do not amend the PMA within the 180-day period to (1) correct the above
deficiencies, or (2) request an extension of time to respond and have the request approved, any
amendment submitted after the 180-day period will be considered a resubmission of the PMA
and will be assigned a new number. Under these circumstances, any resubmission will be given
a new PMA number and will be subject to the requirements of 21 CFR 814.20.

You may amend the PMA to provide the above requested information (6 copies), voluntarily
withdraw the PMA (3 copies), direct CDRH to complete processing the PMA without the
submission of additional information (3 copies) or request an extension. The required copies of
the amended PMA should include the FDA reference number for this PMA and should be
submitted to the following address:

PMA Document Mail Center (HFZ-401)
Center for Devices and Radiological Health
Food and Drug Administration
9200 Corporate Blvd.
Rockville, Maryland 20850

Upon receipt of an amendment adequately addressing the above requests or a written response
declining to submit the requested amendment, CDRH may schedule an advisory panel meeting at
which your PMA will be reviewed. You will be notified of the location and date of this meeting
should one be necessary. Any additional information to be included in your PMA should be
submitted in the form of a PMA amendment and be received by FDA at least 6weeks in advance
of the scheduled advisory panel meeting in order for FDA and the panel members to have
adequate time to review the new information. Information received by CDRH less than 6 weeks
in advance of a scheduled advisory panel meeting will not be considered or reviewed at the
meeting and may delay consideration of your PMA until a subsequent advisory panel meeting.

25
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If you have any questions concerning this deficiency letter, please contact Cindy Demian, M.S. at
(301) 443-8517.

Sincerely yours,

Brain D. Zuckerman, M.D.
Director
Division of Cardiovascular Devices
Office of Device Evaluation
Center for Devices and

Radiological Health

2q
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Principal Investigator Clinical Investigational Site Study 

Sung H. Chun, MD Stanford, CA Ill 

David Keane, MD Boston, MA 11, I11 

Phase 
Ruey J. Sung, MD Stanford Medical Center I (Ira) 

Jeremy N. Ruskin, MD Massachusetts General Hospital I (Ha) 

I 

7.0 Results 

This PMA Application is reporting the results of the 109 subjects treated as of July 

3 1,2002. Of the 109 treated subjects, ten ( 1  0) were part of the feasibility study and 

the safety outcomes from the 6-month follow up duration for these Feasibility 

subjects are reported separately in Appendix V-2. Of the remaining 9'3, 80 have 

completed a minimum of 6 months of follow up, 53 have completed 12 months of 

follow up, and 29 have completed 24 months. The characteristics of the study 

subjects and the outcomes to date for these subjects at specified follow up intervals 

are presented in the following pages. 

Assessment measurements to be reported include patient health changes from 

baseline to six months for effectiveness and the incidence of adverse 

events/complications throughout entire study participation and procedural 

characteristics, including catheter performance. 

7.1 Study Participation 

Twenty-three (23) investigational sites have enrolled in this study and three (3) of 

them have withdrawn (at Cardima's request) because they were not successful in 

enrolling study subjects. The study sites are identified in Table F-6. The 

Institutional Review Board (IlU3) organizations for those sites who continue in this 

study are identified in Table F-7. 

Table F-6, List of Investigators and Subjects Treated 

The Johns Hopkins Hospital 
Baltimore, MD Hugh Calkins, MD 

L- .J - 
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Table F-6, List of Investigators and Subjects Treated 

Study 
Phase 

Subjects 
per Site 

1 

-- -- 

-- 

15 

Principal Investigator Clinical Investigational Site 

Mayo Clinic 
Rochester, MN I1 Douglas L. Packer, MD 

Inova Institute for Research and 
Education 
Falls Church. VA 

Ted D. Friehling, MD 11, 111 

11, 111 11 Main Line Health Heart Center 
Wynnewood, PA 

Roger A. Marinchak, 
MD 
Douglas B. Esberg, MD I11 

David J .  Wilber, MD 12 University of Chicago 
Chicago, IL 
New England Heart Institute 
Manchester, NH 
Lancaster Heart Foundation 
Lancaster, PA 
Diagnostic Center of CV Diseases 
Chattanooga, TN 
EHI-Atlantic Health System 
Cardiac Medicine & 
Electrophysiology 
Warren. NJ 

Bruce G. Hook, MD 11, 111 

11, 111 Seth J. Worley, MD 

Timothy M. Talbert, 
MD 11, I11 14 

Sanjeev Saksena, MD 111 

David Fitzgerald, MD Wake Forest University 
Winston-Salem 

I11 
Withdrawn 

Gregory Feld, MD UC San Diego Medical Center 
San Diego, CA 

111 
Withdrawn 

Abraham G. Kocheril, 
MD 

Carle Heart Center 
Urbana, IL 111 14 

Larry A. Chinitz, MD NYU Medical Center 
New York, NY 111 1 

Wisconsin Center for Clinical 
Research, St. Francis Hospital 
Milwaukee. WI 

lmran K. Niazi, MD 111 1 1  
Wisconsin Center for Clinical 
Research, St. Luke’s Hospital 
Elkhorn, WI 

Jose Nazari, MD Cardiac Arrhythmia Consultants 
Chicago, IL I11 12 

Harper University Hospital 
Detroit, MI 111 4 Randy A. Lieberman, 

MD 

Roger A. Winkle, MD 111 :3 Sequoia Hospital 
Redwood City, CA 

I__- 
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Table F-6, List of Investigators and Subjects Treated 

Principal Investigator Clinical Investigational Site 

MetroHealth 
Cleveland. OH Kara Quan, MD 

~ 

Eli S.  Gang, MD Access Clinical Trials 
Beverlv Hills. CA 
Cornell University 
New York. NY Bruce B. Lerman, MD 

Regional Cardiology Associates 
Sacramento. CA Arjun D. Sharma, MD 

Total 

Phase 

Withdrawn 0 

111 1 1 

I11 1 0 

Table F-7- IRB Information 

Investigational Site 

Stanford Medical Center 
Palo Alto, CA 

Massachusetts General Hospital 
Boston, MA 

The Johns Hopkins Hospital 
Baltimore, MD 

Mayo Clinic 
Rochester, MN 

IRB Contact 
David Gaba, MD, Chair 
Panel on Medical Human Subjects 
Stanford University 
12 15 Welch Road, Modular A 
Palo Alto, CA 94305 
Elizabeth Hohmann, MD, Chair 
Human Research Committee 
Massachusetts General Hospital 
Lawrence House- 10 North Grove St. 
Boston. MA 02 1 14-2698 
Lewis C. Becker, MD, Chair 
The Johns Hopkins University School of 
Medicine The Johns Hopkins Hospital 
Joint Committee on Clinical 
Investigations 
Turner 36 School of Medicine 
720 Rutland Avenue 
Baltimore, MD 2 1205-:2 196 
Eugene Dimagno, MD, Chair 
Institutional Review Board 
Mayo Research Services 
200 First Street, SW 
Rochester. MN 55902 

-- 
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Table F-7- IRB Information 

Investigational Site 

Inova Institute for Research and Education 
Falls Church, VA 

Main Line Health Heart Center 
Wynnewood, PA 

University of Chicago 
Chicago, IL 

New England Heart Institute 
Manchester, NH 

Lancaster Heart Foundation 
Lancaster, PA 

Diagnostic Center of CV Diseases 
Chattanooga, TN 

EHI-Atlantic Health System 
Cardiac Medicine & Electrophysiology 
Warren, NJ 

Carle Heart Center 
Urbana, IL 

NYU Medical Center 
New York, NY 

IRB Contiact 
Margaret Hanson, MPA, CIP 
Inova IRB Administrator 
lnova Institutional Review Board 
3300 Gallows Road 
Falls Church, VA 22042 

~ 

Albert A. Keshgegian, MD, PhD, Chair 
Main Line Hospitals Institutional Review 
Board 
100 Lancaster Avenue 
Wvnnewood, PA 19096 
Jonathon Moss, MD, Ph13, Chair 
University of Chicago 
Institutional Review Board 
584 1 South Maryland Avenue 

Chicago. IL 60637 
AMB-S144 MC 1108 

Eleanor Dahar, ESQ, Chair 
Catholic Medical Centerhstitut ional 
Review Board 
100 McGregor Street 
Manchester. NH 030 12 
James A Wilson, MD, Chair 
Lancaster General Hospital Institutional 
Review Committee 
555 North Duke Street 
PO Box 3555 
Lancaster. PA 17604-3555 

~~ 

William C Jacobs, BA, Chair 
Western Institutional Review Board 
3535 7th Avenue SW 
OlvmDia. WA 98502 

~~ 

John G Cubero, MD, Chiair 
The General Hospital Center at l’assaic 
Institutional Review Committee 
350 Boulevard 
Passaic, NJ 07055 
David W. Main, MD, MPH, Chair 
Carle Institutional Review Board 
Carle Foundation Hospital 
61 1 West Park Street 
Urbana, IL 6 1 80 1 -2595 
Keith M. Krasinski, MD, Chair 
Bellevue Hospital Center 
462 First Avenue, 8W5 N 
New York, NY 10016 

-71 -- 
September, 2002 Confidential Volume 7 Page 50 



Cardima. Inc. Modular €'MA #M010005 

Table F-7- IRB Information 
~ 

Investigational Site 

Wisconsin Center for Clinical Research, St. 
Francis Hospital 
Mi Iwaukee, WI 

Wisconsin Center for Clinical Research, St. 
Luke's Hospital 
Elkhorn, WI 

Cardiac Arrhythmia Consultants Ltd. 
Chicago, IL 

Harper University Hospital 
Detroit, MI 

Sequoia Hospital 
Redwood City, CA 

Access Clinical Trials / Cardiovascular Research 
Institute 
Beverly Hills, CA 

Cornell University 
New York, NY 

Regional Cardiology Associates 
Sacramento, CA 

IRB Contact 
Sharon Lynn Nelson, MISN, RN, CNS, 
Chair 
Schulman Associates IRB, Inc. 
4290 Glendale, Milford Rd 
Cincinnati, OH 45237 
Martin Oaks, MD, Chair 
Aurora Health Care IRB 
Winter Research Building 
836 North 12th Street 
PO Box 342 W3 10 
Milwaukee, WI 53201 -01342 
Joal Hill, JD, MPh, PhDs(c), Chair 
Advocate Institutional R.eview Board 
1775 Dempster, 8 South 
Parkridge, IL 60068 
Manuel Tancer, MD, Chair 
Wayne State University 
Human Investigation Committee: 
4201 St Antoine Boulevard - UHC-6G 
Detroit. MI 4820 1 
Fred Marcus, MD, Chair 
Sequoia Hospital CHW 
170 Alameda de las Pulgas 
Redwood City, CA 94062-2799 
Jack Coburn, MD, Chaiir 
Brotman Medical Center, Tenet Health 
System 
3828 Delmas Terrace 
Culver City, CA 9023 1 
David Behrman, DMA, Chair 
The New York Presbyterian Hospital - 
Weill Medical College of Cornell 
University 
Committee on Human Research 
425 East 61st Street, Suite DV301 
New Y ork. NY 1002 1 
Craig D. Weiner, MD, Chair 
Regional Institutional Review Board 
6501 Coyle Avenue 
Carmichael. CA 95608 

-7; -- 
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Quantity 
Ship ped Site # 

7.2 Device Accountability 

Quantity Quantity Quantity 
Used Returned at Site 

The accounting of investigational devices shipped and used as of July 3 1,2002 is 

summarized in TabIe F-8 and Table F-9. 

01 
02 

Table F-8, Number of REVELATION@ Tx Catheters 

6 5 1 0 
8 5 3 0 

03 11 9 2 0 

02 
03 

9 7 2 0 
13 7 6 0 

04 
05 
06 
07 
08 
09 

4 3 1 0 
18 13 5 0 
16 14 2 0 
6 4 2 0 
19 8 11 0 
13 7 6 0 

10 
Total 

11  11 0 0 

109 74 35 0 

01 
02 
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0 0 0 0 
0 0 0 0 

03 
05 

4 2 0 2 
15 7 7 1 

06 
08 
09 
10 

10 4 5 1 
2 1 1 0 
2 0 2 0 
15 7 3 5 

1 1  
14 

8 5 I 2 
19 16 1 2 

15 
16 

2 1 1 0 
18 11 3 4 
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Quantity Quantity Quantity 
Used Returned Shipped Site # 
--- 

17 6 3 2 
18 7 4 1 
19 5 3 1 

Table F-8, Number of  EVELA LA TI ON^ Tx Catheters 

Quantity 
at Site 

1 
2 
1 

~ 

21 
22 

6 2 0 4 
0 0 0 0 

Table F-9, Number of NavAblators Shipped 

Site # 

01 
02 

Quantity Quantity Quantity Quantity 
Ship ped Used Returned at Site 

0 0 0 0 
0 0 0 0 

------ 

05 11 
06 14 
08 2 

6 4 1 
6 4 4 
1 1 0 

t I I 1 

09 
10 
11 
14 
15 

2 0 2 0 
6 1 5 0 
7 4 0 3 

20 14 1 5 
4 I 3 0 

I I I 1 

17 
18 

7 1 3 3 
10 4 2 4 

21 
22 
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12 1 0 1 1  
0 0 0 0 

23 
Total 

4 0 0 4 
127 54 37 36 
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7.3 Subject Accountability 

All told, 109 subjects were treated with the REVELATION@ Tx Cardiac Ablation 

System. Ten (1 0) of those subjects were treated in Phase I (Ha) and reported 

separately. The remaining ninety nine (99) subjects were part of phases IIb and 111. 

Those ninety nine subjects came from a total of 195 subjects who enrolled and 

entered the baseline monitoring period. Of those 195 eighty four (84/195,43%) did 

not present for treatment because they either withdrew or failed the baseline 

monitoring period. Additionally, twelve (12/195, 6/15%) had not yet completed 

the 30-day monitoring period at the time the database was closed to nlew data. 

Figure F-2 illustrates the disposition of all 195 subjects who were screened for the 

study and the status of study subjects through the course of the study. 

Data are presented here for the demographics and medical history characteristics 

for ninety-five (95) of these ninety-nine (99) subjects because four (4) of the 

ninety-nine were treated too recently to have collected and verified th'eir data at the 

time data analysis began. 

In addition, three (3) of these ninety-five subjects received a second treatment with 

the REVELATION@ Tx Cardiac Ablation System (as permitted by the protocol), 

therefore, procedural characteristics are presented for a maximum of ninety-eight 

(98) procedures in ninety-five (95) patients. 

Follow up data are presented for those subjects who had achieved the follow up 

interval whose data had been verified and entered into the database as, of July 3 1, 

2002. Those denominators vary from one interval to another but begin with a base 

of ninety five (95) subjects. 

Figure F-3 is a graphic illustration of the subject evaluation population by 

assessment intervals, including attrition. The number of subjects who have 

achieved the scheduled follow up assessment interval are included in Figure 1;-3. 

These numbers represent the maximum possible sample size for any visit and 

- 
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variable. Existing follow up data for this population are quite complete, however, 

because this study is ongoing, many subjects are between evaluation visits arid data 

for some completed evaluations had not been processed at the time thie data 

analysis began. 
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Approaching 3 Monthsb 
N=6 

~~~~~ ~~~~ ~ ~~~ 

Figure F-3, Subject Accountability by Assessment Interval 

- 

Ablated 

Withdrew a b  

N=2 
- 

- Lost to Follow up 
N= 1 

- Death 
N= 1 

u Withdrewab I 
N= 1 

Approaching 1 Monthb 

I ' I  
1 Month 
N=9S 

I I  Withdrew a b  

3 Months I N=SS 

Withdrew a b  

Approaching 6 Monthsb 

6 Months 
N=SO 

I 
Withdrew a b  

Approaching 12 Monthsb 
N=25 

12 Months 
N=53 

1 
24 Months 

N=29 

a Reasons for withdrawal are presented by patient in Table F-11 
Not cumulative from interval to interval b 

7 y -- 
September, 2002 Confidential Volume 7 Page 57 



Cardima, Inc. Modular PMA #Mol0005 

Decision Change - No Longer Wanted to Pursue Study 
Concurrent Cancer Therapy 

The number of eligible subjects whose data are included in the evaluation of follow 

up outcomes varies due to attrition and “matriculation” of the subjects from one 

follow up interval to the next, as illustrated in Figure F-3. 

- 
10 

2 

In addition, not all data for those subjects who had achieved a given interval were 

verified and available for analysis at the time data analysis began. ThLese varying 

denominators at each interval are reported in the tables summarizing the outcomes. 

As noted above, some subjects withdrew from the study. The reasons for suhject 

withdrawal are varied both in timing and fact. Some subjects withdrew before they 

completed their baseline monitoring period as summarized in Table F-10 

Table F-10, Pre-Ablation Withdrawals (n=17) 

1 Frequency - - Category 
I 

1 No Reason Stated I 1  
1 Denied of Insurance Paymenta I l l  
1 Generator Failure on Ablation Daya I l l  
1 Other Arrhythmias Requiring Different Treatmenta I 1 I 

Preferred PV and LA Ablationa 

a Withdrew after qualifying for ablation 
b Generator failure forced the use of a non-study system 

-- 
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Study Interval 
PPM insertion 
No reason stated 
Moved out of state 

Table F-11 below, summarizes the reported reasons for withdrawal for those 

subjects who withdrew after ablation during the follow up phase of the study. 

Frequency Pt. ID 
6 (IIb)                                       
2 (IIb                      
1 (111)          

Table F-11, Post-Ablation Withdrawals ( n = l l )  

Maze procedure 2 I (IIb)                    

Category 
Qualified for Ablation 

In addition, there were sixteen patients who elected to re-screen because they failed 

to meet the inclusion criterion for symptomatic episodes. Of those sixteen, sour (4) 

qualified for treatment after the second screening period by having at least nine (9) 

symptomatic episodes in a total of 90 days. Of the remaining re-screened patients, 

one withdrew (and is included in the seventeen listed as having withdrawn before 

qualifying for ablation in Figure F-2) and the other nine (9) did not have the 

required number of episodes. Re-screened patients are tabulated in Table F- 12. 

25.00 

Frequency 

4 

Table F-12, Re-Screened Subject Accountability (n='L6) 

90-Day Re-Screening In Progress 

Withdrew * 
2 12.50 

1 6.25 

I Failed 90-Day Screening Period 1 9  I 56.25 I 

I Total I 16 I 100.00 1 
*No longer wanted to continue with the weekly transmissions 
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Male 
Total 

7.4 Baseline Patient Characteristics and Assessments 

56.4 f 10.2 3 5.3-75.9 72 '75.8 
57.8 f 10.6 27.9-77.1 95 100.0 

Among the 95 subjects included in this report, males outnumbered fernales by 

approximately 3: 1, or 75.8% males (Table F-13). The mean age overall was 57.8 

years (k10.6) with males somewhat younger, mean age 56.4 years (k10.2)7 than 

females, mean age 62.0 (k10.7) years. 

Table F-13 - Subject Age and Gender (n=95) 

Agein years 1 AgeRangein 1 Frequency 1 % I 
Mean & SD Years 1 Gender 1 

7.4.1 Medical History 

The medical history of each subject was collected to characterize the clinical profile 

of the study subjects. The profile is summarized by major category in[ Table F-14. 

Most subjects, (71/95, 74.7%), presented with a history of concomitant 

cardiovascular conditions other than atrial fibrillation. Histories of musculoskeletal 

and gastrointestinal conditions were also relatively common with approximately 

one third of the subjects noted to have these conditions. Nearly one-quarter of the 

subjects (22/95,23.2%) also had a history of respiratory or endocrine. 

- 
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Cardiovascular 
Musculoskeletal 
Gastrointestinal 
Respiratory 
Endocrine 
Neurological 
Other 
Renal 
None Renorted 

Table F-14 Medical History 

71 74.7 
33 34.7. 
32 33.7 
22 23.2 
22 23.2 
20 21.1 
19 19.1 
14 14.7 
9 9.1 

Frequencya 
(n=95) 

Condition 

PTCA/Stent 

Anpioplasty 2.1 

5 

2 

I Psvchological I 7 I 7.4 I 
I Immunologic I 5 I 5 . 3  I 
I Hematopoietic I 2 I 2.1 I 

More than two thirds of the study subjects (67/95, 70.5%) reported no prior cardiac 

interventions (Table F-15). Of the 95 subjects, only 8 reported prior I X  
cardioversions, consistent with the nature of paroxysmal AF which is, by 

definition, self-terminating. 

Table F-15, Patients with Previous Cardiac Interventions (n=95) 

Type of Intervention Frequency a % 

No Prior Cardiac Interventions 67 
RF Ablation 24 25.3 

I D C  Cardioversion I 8 I 8.4 I 
I Pacemaker I 7 I 7.4 I 
I C A B G  I 7 ~ 1 7.4 - 1  

a Some patients had more than one prior cardiac intervention 
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I 

‘I 

‘I1 

I V  

Total 

7.4.2 NYHA Status 

72 

21 

0 0.0 

0 0.0 

93* 100.0 

No limitations of activities: no symptoms from 
ordinary activity. 
Slight limitation of activity: comfortable at rest or 
with slight exertion. 
Marked limitation of activity: comfortable only at 
rest. 
Confined to a bed or chair; any physical activity 
brings on discomfort and symptoms also occur at rest. 

More than three fourths of the subjects (72/93, 77.4%) had no limitations of 

activities and were thus NYHA Class I (Table F-16), with the remaining 

approximately one-quarter of the subjects (2 1 /93,22.6%) having slight limitations 

(NYHA Class 11). 

Table F-16 Pre-procedure NYHA Class 

NYHA Class 1 Definition 

* Two subjects with unstated NYHA category 

7.4.3 Arrhythmia Symptoms 

The baseline incidence (“Presence”) and severity (“Severity”) of the five most 

common symptoms associated with cardiac arrhythmias are presented in Table F- 
17. The severity of each symptom was self-reported on a five-point scale with five 

( 5 )  being the most severe and three (3) being “moderate” severity. Ta‘ble F-l:7 

summarizes the incidence of those reports of symptoms and proportion of those 

with a severity rating of ‘3’ or greater (at least “moderate”). 
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Symptom 

Table F-17, Presence and Severity of Common Arrhythmia Symptoms (n=‘95) 

Presence Severity (23) 
Freq. (YO) Freq./n (YO) 

Palpitations 
Fatigue 

85 (89.5) 62/76 (81.6) 
53 (55.8) 37/46 (80.4 ) 

~~ 

(Shortness of Breath 
Lightheadedness 
Other 

1 4 6 . 4 )  I 3 1/44 (70.4) 
33 (34.7) 24/3 1 (77.4) 
28 (29.5) 19/24 (79.2) 

Chest Pain 
No Symptoms Reported 

19 (20.0) 11/19 (57.9) 
l ( l . 1 )  NA 

a Some subjects reported more than one symptom and not all reports of symptoms were 
accompanied by reports of severity. 

Palpitations were reported by nearly all subjects (85/95, 89.5%) and fatigue was 

also relatively commonly reported (53/95, 55.8%). Approximately oine half (46/95, 

48.4%) of the subjects reported shortness of breath while relatively fewer subjects 

reported lightheadedness or chest pain, 34.7% and 20.0%, respectively. At least 

70% of the subjects rated the severity of the reported symptom to be of at least 

‘moderate’ severity, except for chest pain, where only 57.9% (1 1/19) of the 

reporting subjects rated the severity as ‘moderate’. 

Note that while all study subjects reported whether or not they had symptoms and 

the nature of the symptom, they did not always report severity, so the denominator 

for the severity does not always match the denominator for the freque:ncy 

(“presence”). 

7.4.4 Baseline Atrial Fibrillation Episodes 

All subjects are instructed to closely monitor their symptomatic episodes dur:ing the 

30-day baseline monitoring period. The subjects are blinded to how many episodes 

they need to qualify for the study and are not told that they qualify for the study at all 

until after they transmit a minimum of three (3) symptomatic episodes, the 30-day 

period is nearly completed, and the transmission records have been confirmed by an 

independent cardiologist working with the event monitoring service. Table F-18 
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4 
5 

summarizes the results of the episode recordings reported via event monitor card 

transmissions by the 95 subjects included in this evaluation. 

15 15.8 
7 7.4 

The mean number of symptomatic baseline episodes transmitted during thirty-day 

baseline monitoring by these study subjects was 9.9 (49.1) and the median episode 

frequency was 7 episodes. Nearly one third (31/95,32.2%) of the subjects had 10 or 

more symptomatic episodes during the 30-day baseline monitoring. 

6 
7 

Table F-18 -Baseline Number of Symptomatic Atrial Fibrillation ]Episodes (n=95) 

9 9.5 
4 4.2 

Number of Baseline Frequency 
Episodes 

Total 
Mean, SD 

95 100.0 
9.9 f 9.1 

Median 

I 8 I 6 1 6.3 

7.0 

~ I 9 1  9 I 9.5 
10-14 
15-19 
20-29 

3 O+ 4.2 

A graphic representation of the episode frequency distribution for thes'e study 

subjects during their baseline monitoring period is presented in Figure F-4. 
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Mean Scores for Baseline SF-36 Domain Scales; 
REVELATION@ Tx Subjects vs US Population 

I 90 

l3US I I 

I 
[7 Baselline i 1 

Figure F-4, Baseline SF-36 Mean Scores Compared to US Population Norms 
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7.4.5 Quality Of Life 

Atrial fibrillation is known to have a detrimental effect on one's quality of kfe, even 

when non-symptomatic, due to the accompanying cardiac dysfunction. However, 

symptomatic patients have a greater awareness of their arrhythmia arid, therefore, a 

greater sensitivity to its effects on their lives. A highly symptomatic patient could 

experience a significant improvement in quality of life if the frequency and/or 

severity of the symptomatic episodes were reduced. 

There are two recognized instruments often used to measure the quality of life in 

patients with cardiac conditions and both of them are used in this study. 

SF-36 

The Medical Outcomes Study Short Form 36 (commonly referred to simply as the 

SF-36) is a validated instrument that is used for the purpose of assessing general 

quality of life. The responses to questions on this instrument can be used to 

establish scores for eight scales representing various domains of quality of life. 

Each scale takes on values from 0 to 100 with higher values signifying better health 

status. The domain scores determined for the subjects of this study were 

established by employing the methods from the SF-36 manual. The "normal" 

values for each domain are based upon the mean values derived from scoring of the 

"general population", presumed to be representative of a generally healthy 

population. These "normal" values were collected using the same qut:stionna.ire in 

1994 by the developer of the SF-36, John E Ware, Jr., Ph.D. The "normal" v* ,I 1 ues 

for each range are represented by the results from a 1998 survey of the general US 

population (n=6,742) have been included in Table F- 19. 

At the time of entry into this study (baseline), the group of subjects generally had 

lower than "normal" mean values and Standard Error of the Mean (SE) reported for 

all scales, especially for Role Physical (38.5 f 4.5 (SE)), and Vitality (44.5 =t 

2.3(SE)) which were substantially lower than normal (Table F-19). Means for the 

other six scales ranged from 60.7 (General Health) to 73.9 (Mental Health). Elxcept 

for Mental Health, the mean scores summarized in Table F-20 clearly illustrate the 
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us 
Population 

Scores SF-36 Scale 

compromised quality of life of these subjects, as all means score values were: below 

the mean score values for the general US population. Only three average scores 

exceeded 70, Le., Physical Functioning (71 S), Social Functioning (710.7), and 

Mental Health (73.9), and mean values for Vitality and Role Physicall were very 

depressed. The depressed scores for Role Physical and for Vitality are consistent 

with the high percentages of those reporting at least moderately severe sympi:oms, 

particularly for ‘shortness of breath’ and ‘fatigue’ (Table F-17, Arrhythmia 

Symptoms). 

REVELATION Tx Study 
Baseline (n=87-91b) 

A more detailed description of each of the “domains” of this instrument is 

presented in Appendix V- 1. 

Role Physical 
Role Emotional 

Table F-19, Baseline SF-36 Domain Scores. 

25.0i 66.7 
80.9 34.0 38.5 4.5 
81.3 33.0 64.8 4.2 

Bodily Pain 
General Health 

I 

Mean I SD I Mean 1 SE 1 Median 1 

60.0 
75.2 23.7 69.0 2.5 
71.9 20.3 60.7 2.3 

Physical 
Functioning I 84.2 I 23.3 I 71.5 1 2.7 I 77.5 1 

Vitality 
Social Functioning 
Mental Health 

I I I I I 4 Y 

2.3 ;::q 60.9 20.9 44.5 
83.3 22.7 70.7 2.8 
74.7 18.1 73.9 1.9 76.0 

As noted, the mean scores for the general population versus the study population 

that is the subject of this PMAA show dramatic differences at baseline:, particularly 

in the category (domain) of “Role Physical” and “Vitality”. Figure F-5 presents 

graphic illustrations of these differences. 
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Atrial Fibrillation Severity Scale 

The Atrial Fibrillation Severity Scale (AFSS) is designed for the evaluation of the 

Severity (and incidence) of Atrial Fibrillation Symptoms’. The original ranges of 

the three characteristics of arrhythmic episodes are 1 1 -point (frequency), 8 point 

(duration), and 10-point (severity) scales. For ease of interpretation, i3nd to place 

them in the same range as the SF-36 domain scales, all three measures were 

transformed to 1 00-point scales with 100 indicating best possible and 0 indicating 

worst possible. The total AFSS score is the simple algebraic sum of the original 

three scale values transformed to a 100-point scale value. Thus, all three scales and 

the combined scale are constructed such that higher values indicate better status, 

and increases over time indicate improvements. 

The subjects enrolled in this study reported results that can be generally 

characterized at baseline as having rather frequent arrhythmic episodes (mean 

=30.1, SE=2.0) of moderate duration (mean = 38.0, SE=2.6) and medium severity 

(mean = 49.1, SE=2.6), as illustrated in Table F-20. Based on the results 

summarized in Table F-20, episode frequency perhaps was more troublesome: than 

duration or severity. Overall, these low mean scores generally corroblorate the 

compromised quality of life of these subjects expressed in the SF-36 results at 

baseline. The mean total AFSS score prior to treatment, 36.0 (SE=l.5)> suggests 

ample opportunity for improvement among these subjects. 
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Score 
Episode Frequency 
Episode Duration 
Episode Severity 

Table F-20, Baseline AFSS and Component Scoresa (n=88-8'9 ') 

42.9 

Mean SE 
30.1 2.0 
38.0 2.6 
49.1 2.6 

Total AFSS 36.0 1.5 35.7 J 

I. 
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Conscious 
General with intubation 
General without intubation 
Total 

7.5 Protocol Procedural Features and Results 

46 51.7 
41 46.1 
2 2.2 

89 100.0 

7.5.1 Procedural Characteristics 

More than one-half of the 98 procedures among these 95 subjects (53/98, 54.1%) 

involved subjects in normal sinus rhythm, and in approximately 30% (29/98, 

29.6%) of the procedures the subjects were noted to be in atrial fibrillation (Table 

F-21). Cardioversion was performed during the procedure in 41 cases (41.8%). 

Two (2) of these subjects could not be converted and the decision was niade to 

proceed on ethical grounds. Those two are reported here as protocol deviations. 

During the procedure the type of sedation was almost evenly split between 

conscious sedation and general anesthesia with intubation. In all but one procedure 

the sheath insertion site was the femoral vein. 

Table F-21 - Procedural Characteristics (n=98) 
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Total Time 
REVELATION@ System Time 

7.5.2 Procedure Times 

min max median mean* SD 
13 475 169 192. * 89 

The time to complete the RF ablation procedure ranged from 100 minutes to 755 
minutes, however, the median total procedure time was 227 minutes, or about 3.8 

hours Table F-29). These results illustrate individual differences and:, in some 

cases, a learning curve with related technology, since varying guidinglimaging 

technologies were used during these procedures. The total procedure time averaged 

approximately four and one-third hours (262 minutes f 128 minutes). 

Fluoroscopy Time 
Procedural time 

The catheterization times for the REVELATION@ Tx Microcatheter system and 

total fluoroscopy times are also reported in Table F-22. These times averaged 192 

minutes and ranged from 13 to 475 minutes with a median time of 169 minutes. 

Fluoroscopy times averaged less than one hour (48 minutes f 49 minutes) wiith a 

range of 2 to 265 minutes and a median time of 32 minutes. 

48 * 49 -. 2 265 32 
100 755 22 7 262* 128 

Table F-22 - REVELATION@ Tx Microcatheter System Catheterization 
and Fluoroscopy Times (minutes) ( ~ 9 6 - 9 8 . )  

a In dicates the range of sample sizes for each of the three individual time measurements 

A separate listing of total procedure times, investigational device procedure time 

and total fluoroscopy times (including minimum and maximum) by investigational 

site is presented in Table F-56 in Appendix F-1 . 
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Subject # 

0101/' 
0301 
0302 
03 03 
03 04 
M e a n t  f SE 

7.5.3 Procedural Success Endpoint 

Mean Mean % 
Number of 

paired values Pre post change 

4 2.75 5.50 IO0 
21 4.32 8.08 87 
14 4.02 8.14 :I 02 
26 5.57 9.72 75 

30 22 7.69 9.98 
5.23 f 0.34 8.94 k 0.21t 72 

- 

The protocol defines procedural (acute) success as a reduction in electrograrn 

amplitudes at the line(s) of ablation post-ablation compared to pre-ablation. Three 

indicators represent such changes: a) reduction in the amplitude, fragmentation or 

widening of local electrograms; b) the appearance of split potentials; or, c) an 

increase in pacing thresholds. 

Because measurement of pacing thresholds may compromise and/or complicate 

patient care through increased procedure times, (especially fluoroscopy) and 

because the increase in pacing thresholds in Phase IIa and initial Phase IIb subjects 

was shown to be statistically significant (p<O.Ol) measurement of pa'cing thresholds 

was discontinued for Phase 111. Table F-23 summarizes the data that were 

submitted to FDA reporting these results in a progress report for Phase IIa, for the 

results from the first five study subjects (Supplement 7 dated August 3, 1998:). 

Table F-23 
Procedural Pacing Threshold and Electrogram Amplitude 

Pre- and Post-Ablation (n=5) 

I Pacing Threshold (mA) I 

~ ~~~ 

t p < 0.01 post- vs. pre-ablation 
$ Mean calculated from population data. Mean 'YO change calculated as weighted 

average. 
A Paired pacing thresholds are available for Line B (septal) only. Subject 0101 developed 

atrial fibrillation/atrial flutter following delivery of radiofrequency energy along Line A 
(posterolateral IVC-SVC) and Line D (anterior SVC-TA). 
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Evaluating changes in electrogram amplitude values pre and post ablation as i j  

means of measuring procedural (acute) effectiveness in the treatment of atrial 

fibrillation has some significant drawbacks that must be considered in this 

discussion. 

Conventional endocardial ablation catheters ablate with a single electrode to treat a 

very different arrhythmia that, when effectively ablated, will generate a visibly 

different electrogram. 

With the REVELATION@ Tx multielectrode catheter that delivers RF energy 

through eight (8) electrodes to create a lesion of approximately 6.0 cm in length, a 

decision must be made where along this length to measure amplitude changes;. 

Consistent measurement of these values requires the doctor to perforni that 

measurement at least four times for each lesion, or eight or sixteen times if he or 

she decides to repeat the series of burns from all eight electrodes. Furthermore, 

each measurement should align the pre-ablation measurement location with post- 

ablation measurement location, which is a significant challenge in a beating heart. 

This requirement was perhaps the single most difficult protocol requirement for the 

investigators to comply with and the accumulated data reflect that difliculty. 

Data are available for a subset of the possible data points for this evaluation. These 

data represent those pairs of values that appear to be taken from the same electrode 

both pre and post ablation. There were many other data points but they were not 

paired at the same electrode and so were not included in this analysis. In addition, 

there are occurrences of post ablation amplitude being higher than the 

corresponding pre-ablation amplitude, which is an indicator not of lesion success or 

failure, but of catheter movement from pre- to post-ablation measurement, sirice it 

is not possible to create a higher amplitude by ablation. 

Table F-24 summarizes the extent to which amplitude reduction coulcl be measured 

by all available pre and post ablation corresponding pairs of values per procedure. 

They are presented here by lesion type based on the 98 patient procediires included 

in this study. It must be noted that bi-directional block is the primary indicator of 

procedural success for the isthmus line, so there are far fewer data points for this 
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Postero-septal 
Postero-lateral 

lesion than the others. Similarly, the anterior lesion, seldom used, reflects 

matching pairs of electrogram amplitude measurements from two patient 

procedures. 

52 1.43 0.87 
23.1 30.2 1 :8;68 1 '77:; 1 52 1.33 0.95 13.2 79.9 

Table F-24, Electrogram Amplitude Reduction (n=98 patient procedures) 

1 SD 1 Min 1 max 1 #Pro- Mean Mean Mean % 1 cedures 1 Pre 1 Post 1 Reduction Lesion Location 

It is also important to note that acute, procedural success as depicted here does not 

reflect the chronic success seen in the follow up of the study subjects. That is, if 

one accepts that a reduction in post ablation amplitude of 250% is an indication of 

clinical success based upon the potential for transumrality' and that transumxality is 

an indicator for clinical success, this correlation is not confirmed by the clinical 

success of the patients. Gaita also reports that he uses the presence of a decrease in 

amplitude as an indicator of a reduction in local electrical atrial signal, although it 

is not quantified'. 

It should be acknowledged that the 98 patient procedures summarized above may 

not be representative of the procedural results, since these particular data were not 

consistently recorded for each electrode pair that delivered RF energy during the 

lesion creation. If at least one set of paired electrogram measurements were 

recorded for each line, there would be approximately 290 records (98 procedures 

times 3 lines, with some patients receiving lesion sets with 2 lines and some with 4 

lines). 

Therefore, it is not advisable to draw conclusions from these data regarding 

procedural success. 
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Total Time 
Pre-Ablation A-H interval (msec) 
Pre-Ablation H-V interval (msec) 

7.5.4 Conductivity 

Min Max 
39 208 
28 129 52* 17 

The ranges, mean values, and standard deviations for A-H and H-V intervals are 

quite similar pre and post ablation, indicating no apparent clinical eflect of 

treatment on these parameters (Table F-25). 

Post-Ablation A-H interval (msec) 
Post-Ablation H-V interval (msec) 

Table F-25 - Pre and Post Ablation A-H H-V Intervals (n=69-71 a) 

55* 15 
34 196 
30 105 

a Indicates the range of sample sizes for the four time parameters. Values not recorded for all 
subjects at all procedures 
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freq. 

7.6 Follow up outcomes 

% 

7.6.1 NYHA Status 

freq. 1 % 1 freq. 

67 80.7 67 

14 16.9 9 

2 2.4 2 

0 0.0 0 

83 100.0 78 

There was relatively little change in NYHA class from baseline in these subjects, as 

illustrated in Table F-26. There was an increase in the percentage of :subjects in 

Class I from baseline (77.4%) to six months (85.9), but two subjects were noted to 

be NYHA Class I11 at six months whereas none was at the level at baseline. One of 

those subjects                entered the study with congestive heart failure that continued 

to worsen and the other               subject is an insulin dependent diabetic with fluid 

volume overload in response to Diovan therapy. 

% 

85.9 

11.5 

2.6 

0.0 

100.0 

Table F-26 - NYHA Class 

Class 

I 

111 

IV 

Total 

1 0 I 0.0 Marked limitation of  activity: 
comfortable onlv at rest. 
Confined to  a bed or  chair; any 
physical activity brings on 
discomfort and symptoms also occur 
at rest. 

0.0 

100.0 

3Months FZI 
Post-Ablation Post-Ablation 

a NYHA Status data not available for 2 patients. 

7.6.2 Cardiac Symptoms 

Study subjects are asked to report the presence and severity of any cardiovasc:ular 

symptoms they have experienced during the previous follow up period. The 

severity is ranked on a scale of 1 to 5 with 5 being the most severe. For simplicity, 

only those symptoms ranking ‘3’ or greater (at least “moderate” severity) are 

reported in Table F-27. 
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Baseline 

Presence Severity 
n=95 freq/n (YO)" freq ("/O) 

19 (20.0) 11/19 (57.9) 

46 (48.4) 31/44 (70.4) 

As of each the three and six-month follow up visits, there was at least a 35% 

reduction in incidence of the five individual common and other misce:llaneous 

arrhythmia symptoms relative to baseline. Notably, there was also at least an 

approximately 50% reduction in the incidence of shortness of breath, palpitations, 

lightheadedness, and fatigue relative to baseline at this time. Althouglh the 

incidence of symptoms was reduced, the relative levels of severity for those 

symptoms were similar at six months compared to baseline, except foir palpitations 

where the percentage of at least moderate severity dropped from 81.6'Xo to 55.9%. 

6 months post- 

freq/n (YO)" 

3 months post- 
ablation 

Presence Severity 
n=83b 

freq (YO) 
9 (10.8) 5/7 (71.4) 

21 (25.3) 13/19 (68.4) 

f r W n  (Yo)" freq (%) - 

Table F-27 - Baseline and Six-Month Common Arrhythmia S,ymptom 

85 (89.5) 

33 (34.7) 

Shortness of Breath 
62/76 (81.6) 45 (54.2) 25/40 (62.5) 

24/31 (77.4) 17 (20.5) 11/17 (64.7) Liglitheadedness 
53 (55.8) 

28 (29.5) 

I Fatigue 37/46 (80.4) 26 (31.3) 18/25 (72.0) 

19/24 (79.2) 10 (12.5) 7/10 (70.0) 
I v 

I Other 
No Symptoms 
Reported NA I l ( 1 . 1 )  1 NA I 29(34.9) I NA I29(36.7) I 

a Some subjects did not report a severity for their symptoms 

One subject did not report b 

7.6.3 Episode Reduction 

Effectiveness of treatment as ,,idicated by frequency of symptomatic episodes 

reported via event monitoring transmissions is evaluated against the clhange smce 

baseline. Weekly event monitor transmissions are compulsory during month one, 

month three, and month six, even if the subject does not experience symptomatic 

episodes. For the convenience of the study subject, continuous transmission from 

treatment through month three was permitted, even though the protocol required 

compulsory transmissions for month one and month three. For reference, the 

I. 
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~ 

Number of 
Episodes 

0 
1 
2 
3 

maximum possible sample sizes for each assessment interval are illustrated in 

Figure F-2, page 27. 

Baseline 3 months 6 months 
freq % freq % f r e 4 J - T  

32 38.1 
10 11.9 
10 11.9 

14 14.7 2 2.4 

46.8 
16.5 

7 8.9 
10.1 

As apparent in Table F-28a, there were substantial and highly statistically 

significant (p<O.OOOl, paired t-test) decreases in the mean number of symptomatic 

arrhythmic episodes/month at both three months (3.5 -t 5.4) and six months (I. .9 t- 

2.9) follow up relative to baseline (9.9 t- 9.1). 

4 
5 
6 
7 
8 

Table F-28a- Baseline and Follow Up Number of Symptomatic AIF Episodes 

1s 15.8 6 7.1 
7 7.4 7 8.3 
9 9.5 2 2.4 
4 4.2 3 3.6 4 5.1 
6 6.3 3 3.6 1 1.3 

9 
10-14 

~ 

9 9.5 2 2.4 
16 16.8 3 3.6 3 

~~ 

IS-19 
20-29 

S 5.3 1 1.2 
6 6.3 2 2.4 0 

3 O+ 

Total 
Mean, SD 

a p<O.OOO 1, paired t-test 

One subject did not transmit event monitoring data in time for this interval close 

4 4.2 1 1.2 
95 100.0 84 100.0 100.0 

9.9 f 9.1 3.5 a f 5.4 1.9 a f 2.9 

~~ 
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Baseline Number of Symptomatic Atrial 
Fibrillation Episodes 

3 4 5 6 7 8 9 10 11 12 13 14 15 17 19 20 22 26 28 29 31 32 51 E82 

Number of Episodes 
~ 

Figure F-5, Baseline Number of Symptomatic Atrial Fibrillation Episodes (n=95) 

Number of Symptomatic Atrial Fibrillation 
Episodes at 6 Months 

40 1 I 

0 1 2 3 4 6 7 8 1 0 1 3  

Number of Episodes 

Figure F-6, Distribution of 6-Month Post-Ablation Episodes by Frequency (n=79) 
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Number of 
Episodes 

0 
1 
2 

During the month of episode monitoring at baseline, all qualified subjects had. at 

least three symptomatic episodes. Upon follow up after RF ablation treatment, 

more than half the subjects (52/84, 61.9?40) at three months and more than three 

quarters (57/79, 72.2%) of the subjects at six months had fewer than t h e e  

symptomatic episodes per month. It is also noteworthy that prior to treatment 

approximately one-third of the subjects (3 1/95,32.6%) had at least ten or more 

symptomatic episodes per month, but at six months only three subjects (3/79, 3.8%) 

had at least ten symptomatic episodes. 

Baseline 3 months 6 months 

13 
29 36.7 
10 12.7 
8 10.1 7 

freq % freq % 

There were five patients for whom the baseline number of symptomat:ic episodes 

was disputed due to differing interpretations of the transmitted strips. In three of 

those cases, a third, independent cardiologist’s interpretation yielded clifferenl 

results than the first two, failing to resolve the dispute. In two of those cases, the 

original data were lost in a computer failure at the contract event monitoring 

service facility and could not be retrieved and referred for further interpretation. 

In all five cases, the investigators felt that it was in the best interests of the patients 

to proceed with the treatment. In three of those cases, the fact that the number of 

symptomatic episodes was disputed was not reported until after the patients had 

undergone treatment. 

In all five cases the subjects have been included in the study and followed as regular 

study subjects. However, because of the disputed baseline numbers, the evaluation of 

clinical success and failure as indicated by episode frequency has been calculated both 

with (Table F-28a) and without (Table F-28b) the results for these five subjects. 
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20-29 4 4.4 2 2.5 0 
3 O+ 4 4.4 0 0.0 0 

Total 90 100.0 79 100.0 74 
Mean, SD 9.6 f 8.9 3.7c f 5.5 2.0 f 2.9 

9.5 
6.8 
0.0 
1.3 
5.4 

1.3 
0.0 
3 .O 
0.0 
0.0 
0.0 

100.0 

Exclusion of these subjects' results does not materially affect the conclusions drawn 

from Table F-28a, or from the following Table F-29a. Figure F-7 graphically depicts 

the similarities in the results between the two groups. 

* 
L 
0 

8 n 
E 
3 
Z 
c m 
i! 

v) 
8 

v) 
-g 10 
.- 
$ 8  

6 

4 

2 

0 

OAll Subjects 

0 Less Five Disputed 
Baselines 

Baseline 3 Months Six Months 

Figure F-7, Mean Number of Episodes 
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3 Month 
(n=84) 

freqh (%) 

Based on the baseline and follow-up symptomatic episode data whose results are 

summarized in Tables F-28a, b and the individual computed percentage reductions 

per subject, the statistical information of Table F-29a, and Table F-29b was 

derived. 

6 Month 
(n=79 ) 

freqh (YO) 

d 

Patient treatment success, as defined by at least a 50% reduction in the number of 

symptomatic episodes per month for baseline episodes five or greater i(25) and 75% 

for baseline episodes 3-4, was achieved in over two thirds of the study subjecis at 

three months (57/84, 67.9% Table F-29a) and in over three-fourths (67/79, 84.8%) 

of the subjects at six months. The 95% confidence intervals for the success rates at 

three and six months are (57.3%0, 76.9%) and (75.3%, 91.1%), respectively. 

250% Reduction a 

100% Reduction c 

6 0 %  Reduction ‘ 
No Reduction 

Withdrew 
Non-Compliant (event monitor) 

Almost all of the subjects (72/79, 91 .]YO) had at least some reduction in number of 

symptomatic episodes at six months, and nearly half of the subjects (37/79,46.8%) 

had no symptomatic episodes during this monitoring month. 

57/84 (67.9) 67/79 (84.8) 
32/84 (38.1) 37/79 (46.8) 

27/84 (32.1)‘ 12/79 (15.2)‘ 
1 0/84 (1 1.9) 7/79 (8.9) 
2/84 (2.4) 7 

4 1 

Table F-29a - Percent Reduction in Arrhythmia Episodes 

Patient not yet at 3, 6 months 
Data not in database at cut-off date 
Mean YO reduction i SE 

Criterion 

9 12 
4 0 

59.5 b, i 6.4 74.7 b, f 4.9 

1 74/84 (88.1) 1 72/79 (91.1) # of subjects with Episode 
Reduction compared to Baseline 
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The overall mean percentages of reduction in symptomatic episodes were 59.5% 

and 74.7% for the three and six month monitoring interval, respectively. The 95% 

confidence intervals for these mean episode percentage reductions at three and six 

months are (47.0Y0, 72.0%) and (65.170, 84.3%), respectively. 

These results are not materially different when the five patients with dlisputed 

baseline episodes are incorporated into the calculations, as illustrated in Table 29b. 
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Table F-29b - Percent Reduction in Arrhythmia Episodes 

Criterion 
3 Month 6 Month 

(n=79) (n=74 dl 
freq./n (YO) freq./n (YO) 

69/79 (87.4) # of subjects with Episode 
Reduction compared to Baseline 
250% Reducti0na.C I 53/79 (67.1) I 62/74 (83.8) 

67/74 (90.5) 

100% Reduction 1 29/79 (36.7) I 33/74 (44.6) 

Withdrew 
Non-Comdiant (event monitor) 

G O %  Reduction I 26/79 (32.9') I 12/74 (16.2') 

2 7 
4 I 

No Reduction I 10/79 (12.6) I 7/74 (9.5) 

Patient not vet at 3. 6 months I 9 I 12 
Data not in database at cut-off date I 4 I 0 
Mean YO reduction It SE I 58.Ob&6.7 I 73.6bzd i 5.2 

a 275% for 3-4 baseline episodes p<O.OOOl 

Statistics do not include five subjects with disputed numbers of baseline episodes 

Includes those with "no reduction'' as a subset of the <50% reduction group. I n  the >50% 
reduction group, those with 100% reduction are included. 

One subject did not transmit event monitoring data in time for this interval close 

' 

In conclusion, treatment with the REVELATION@ Ablation System has been 

shown to be highly effective in reducing symptomatic episodes in this patient 

population. 
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Change 
Decrease 
No Change 
Increase 

Total 

7.6.4 Antiarrhythmic Therapy Requirements 

Frequency % 

33 41.3 
26 32.5 
21 26.2 
80 100.0 

Methodology: 

All subjects in this study were required by an inclusion criterion to be refractory to 

at least two (2) antiarrhythmic drugs (AADs), unless one drug to which the subject 

was refractory was Amiodarone, then Amiodarone alone would qualify the subject 

as eligible. 

Data were collected at baseline to document the drugs to which the study subject 

was refractory. At each follow up visit, any change in type of dosage of AAIIs was 

recorded. For each change, the investigator was asked to report whether the stated 

change represented an increase or a decrease in AAD therapy. 

In performing the analysis of these data, an independent pharmacist was asked to 

review the results reported for each subject at each assessment interval and 

determine if the AAD use reported represented an increase, decrease, or no c'hange 

since baseline based upon the type and dosage and combination of AADs reported. 

The pharmacist was blinded to baseline and follow up episode reduction outcomes. 

The pharmacist's report was the source of the subject data used for the following 

analyses. A copy of the pharmacist's report is included in Appendix V-1 . 

Results 

The use of antiarrhythmic drugs (AADs) in these drug refractory patients remained 

unchanged or was reduced following ablation by the sixth month, with 59/80, 

73.8% demonstrating either a decrease or remaining on the same level of drug that 

had been ineffective before treatment. These results are illustrated in Table I:-30. 

Table F-30, Change in AAD Use from Baseline to Six Months (n=:80) 
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AAD use 

To evaluate whether the results of episode reduction might be related to changes in 

AAD use, treatment success/failure for those subject who completed the six-nnonth 

assessment interval were stratified by AAD use at six months compared to baseline 

use. The results are summarized in Table F-3 1. 

Total (<50% (250% 
Reduction in Reduction in 

Episodes) Episodes) 

Table F-31 Six-Month Episode Outcome by AAD Results 

~- 
Decrease 
No Change 
Increase 
Total 

I I Failure I Success I I 

Freq YO Freq YO Freq YO 

2 6.9 27 93.1 29 100.0 
7 26.9 19 73.1 26 100.0 
3 15.8 16 84.2 19 100.0 
12 16.2 62 83.8 74 100.0 

Mean % 

Reduction 
AAD use Episode SD 

Decrease 77.6 48.9 
No Change 64.3 50.3 
Increase 80.2 27.2 
Total 73.6 44.9 

min rnax 

-160* 
62 
0 

-160 

The group of subjects with decreased AAD use at six months showed the higlhest 

success rate (93.1%, Table F-3 l), with the group of subjects with increased A.AD 

use at six months having the next highest success rate. The groups with decreased 

and increased AAD use also had similar levels of mean percentage episode 

reduction, Le., 77.6% and 80.2%, respectively (Table F-32). 

Table F-32, Episode Reduction (%) at Six Months by AAD status 

These results do not indicate any discernable association between changes in AAD 

use and episode outcome and mean reduction and, therefore, no bias from the 

influence of AAD use can be inferred. 
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1 3 6 

7.6.5 Hospitalizations and Emergency Room Visits 

12 24 

There were only six reports (six subjects) of emergency room visits for atrial 

fibrillation among these study subjects over the 24 months of follow up, and a total 

of 13 hospitalizations (1 1 subjects, Table F-33). 

Emergency Room 
Hospitalization 
Subiects Der visit 

Table F-33 - Number of Subjects with Emergency Room Visits and Hospitaliz,ations 
Related to Atrial Fibrillation During the 24 Months Post-procedure 

1 1 3 0 1  
1 4 5 2 1  

89 83 79 40 29 
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General US 
Population 

Scores e 

Baseline 
(n=86-90 ') SF-36 Scale 

7.6.6 Quality of Life 

Three Month Six Month 
(n=75-78 ') (n=71-7!jf) 

SF-36 

Physical 
Functioning 

The descriptive statistics for the eight domains of the SF-36 general quality of life 

instrument are provided in Table F-34 and Figure F-7. The three-month mean 

values showed overall improvements in quality of life for each of the eight scales. 

There were noteworthy and significant (p<0.05, paired t-test) improvements for six 

of the eight mean values at this time, Le., Physical Functioning (p<O.OlOl), Role 

Physical (p<O.OOO l), Role Emotional (p<0.05), Bodily Pain (p<O.Ol), Vitality 

(p<O.OOOl), and Social Functioning (p<O.OOl). The largest improvements among 

these scales were for Role Physical where the baseline mean value improved from 

38.5 to 60.7, for Role Emotional, whose baseline mean value improved from 64.8 

to 77.3, and for Vitality, whose baseline mean value improved from 4.4.5 to 55.3. 

In addition to being highly statistically significant, all of these improvements are 

also considered to be clinically significant in magnitude ( i.e., >10 points change). 

Role Physical 
Role Emotional 
Bodily Pain 

Table F-34 - Baseline and Follow Up SF-36 Scale 

80.9 34.0 38.5 4.5 60.7a 4.9 58.Sa I 4; I 
75.2 23.7 69.0 2.5 75.7' 2.8 76.1d 2.9 
81.3 33.0 64.8 4.2 77.3d 4.0 74.9 

General Health 
V itat itv 

71.9 20.3 
60.9 20.9 

Social Functioning 
Mental Health 

83.3 22.7 
74.7 18.1 

60.7 2.3 61.8 2.3 
44.5 2.3 55.3a 2.5 54.7" 
70.7 I 2.8 I 79.7b I 2.8 I 82.1 a I 2.7 I 

I I I I Id 

~ 76.7 I 1.8 I 76.4 I 2.0 I 
a p<O.O001 by paired t-test, 

e The general population was sampled to acquire normative values for these domains (n=6,742 - see also Table F- 

p<O.OOI by paired t-test, p<O.O1 by paired t-test, p<O.05 by paired t-test 

19, page 67). 
' Indicates the range of response sample sizes for each of the eight domains 
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These subjects also demonstrated substantial and consistent improvement in quality 

of life at the six-month follow up visit. Compared to baseline, mean values for all 

eight scales also showed improvement at this follow up visit assessment. Mean 

values for two of the domains at six months, General Health and Men~al Health, 

were relatively little improved from baseline, but except for Role Emotional, means 

values for the other six domains were significantly higher at six months. The 

largest clinically significant (>lo points) improvements in mean values were for 

Role Physical (p<O.OOOl), as average values increased 50% over baseline (38.5 to 

58.8); Vitality (p<O.OOOl), as mean values improved from 44.5 to 54.'7 over this 

period; and Social Functioning (p<O.OOl), with values improving from 70.7 to 82.1. 

There was also an essentially clinically significant improvement for Role 

Emotional, whose baseline mean value improved from 64.8 to 74.9, that did riot 

quite achieve statistical significance (p=0.06). Figure F-8 presents a graphic 

illustration of these results. 

Mean Scores for SF-36 Domain Scales 
Revelation Tx Subjects 

Figure F-8, SF 36 Outcomes by Domain and Assessment Interval 

September, 2002 Confidential Volume 7 Page89 i L i ' ,  



Cardima, Inc. Modular PMA #M010005 

Score 

Episode Frequency 
Episode Duration 

In conclusion, these subjects demonstrated improvement in all eight SF-36 quality 

of life scales at both the three and six month follow up assessments. There were 

quite substantial and clinically significant and highly statistically significant 

improvements for Role Physical, Role Emotional, Vitality, and Social Functioning 

at both of these follow up assessments, clearly indicating overall substantial patient 

benefit. 

Baseline (n=88-89 ') Three Month (n=66-72 ') Six Month (11-60-70 ') 

49.7 a 

Mean SE Mean SE 
30.1 2.0 45.4 a 3 .O 
38.0 2.6 49.0 3.7 49.8' 

Atrial Fibrillation Severity Scale (AFSS) 

Episode Severity 
Total AFSS 

The results displayed in Table F-3 5 demonstrate significant improvernent for all 

episode parameters at three months after treatment. The mean score :For Episode 

Frequency improved substantially, from 29.8 to 45.4, a highly statistically 

significant improvement (p<O.OO 1). Episodes at this time were generally 

significantly shorter in duration (p<O.OO l), and significantly less severe (p<O.OO 1). 

Improvements in mean scores for these three parameters were reflected in the total 

AFSS score, which improved approximately one-third over baseline (p<O.OOl). 

50.8' a 

49. I 2.6 66.9 a 3.1 
36.0 1.5 47.8 a 2.1 

Table F-35 - Baseline and Follow Up AFSS and Component Scoresa 

a p<0.0001 by paired t-test, p<O.OOl by paired t-test, p<O.Ol by paired t-test, p<0.05 by paired t-test 
e Indicates the range of response sample sizes for each of the four domains. 

Mean score values for all three parameters were also substantially higher at six 

months after treatment, as was the mean total AFSS score. The six-month mean 

values were 49.7,49.8, 67.1, and 50.8 for Episode Frequency (p<O.OOl), Episode 

Duration (p<O.Ol), Episode Severity (p<O.OOl), and total AFSS (P<O.OOl) ,  

respectively. 
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Thus, these results for the total and component AFSS scores indicate overall 

substantial and statistically significant patient benefit during the six months after 

treatment with the REVELATION Tx Ablation System in terms of general 

improvement in episode frequency, duration, and severity. Figure F-9 presents a 

graphic illustration of these results. 

AFSS Quality of Life 
REVELATION@ Tx Subjects 

Episode Episode Episode 
Frequency Duration Severity 

-  baseline 
.3 Month 

- 
0 6  month 

Total AFSS 
Score 

Figure F-9, Atrial Fibrillation Severity Scale Improvement Over Time 

September, 2002 Confidential Volume 7 Page91 / [ 'L-  



Cardima. Inc. Modular PMA #M010005 

7.6.7 Complications 

All Adverse Events experienced by study subjects were documented and are 

reported in this submission. Adverse Events were defined by the protocol (see 

Appendix V-1) as a series of potential complications that could be expected in a 

cardiac catheterization. Sites were required to make a determination of whether the 

event was related to the device or the procedure (or not related). That 

determination could be "probably", possibly" or "not related". Occurrences of 

adverse events are reported here within these categories, as determined by the site 

(investigator). 

An Adverse Event could be a Major Complication if it met certain criteria for acute 

severity. Major Complications are defined by FDA as those adverse (events that 

occur within the first 7 days post procedure 

major intervention (including new hospitalization or extended hospital stay) to 

resolve; or leave permanent or significant transient impairment of a body part or 

function. 

are either life threateining, require 

Major Complications are presented in Table F-36. 

There were four (4) "major complications" reported for these 95 patients with 98 

procedures (4/98), for a 4.1% major complication rate. None of these 

complications is unanticipated and each was referenced in the protocol and 

informed consent documents. These complications include a pericardial effusion, 

an SA node dysfunction, a stroke, and an AV fistula. The details of each of these 

complications are provided in the following pages. 

In addition, any other significant complication that is reported to be 'likely related' to 

the procedure or the device is reported in Table F-37. 

A complete listing of all reported adverse events (AEs) that are reported to be 

possibly or probably related to the device or the procedure is presented in Table F- 

38. A listing of all reported AEs without regard to their relationship to the device 

or procedure, is presented in Table -, Appendix V-1 . 
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A total of 57 complications of any type have been reported by subjects in this, study 

as of the report date and determined by the investigational site to be possibly or 

probably related to the device or the procedure. Most complications (49157, 

85.9Y0) were reported to be related to the procedure. However, of the eight 

complications reported to have a possible or uncertain relationship to the device, 

two are events occurring more than 100 days post-ablation and a third is a drug 

reaction four days post procedure. 

There have been no un-anticipated complications and the reported cornplications 

are considered to be a reasonable safety profile for this population group. 

7.6.8 Data Safety Monitoring Board 

Cardima created a Data Safety Monitoring Board (DSMB) for the purpose of 

reviewing interim data for its significance regarding the safety of the study subject 

and regarding the conformance of the data collection activities to the stated study 

objectives. The DSMB included a cardiologist, an EP cardiologist and a 

biostatistician. 

The DSMG convened three times, twice by teleconference, to review 'distributed 

data, including an annual progress report submitted to FDA, for possible issues 

relevant to safety data. 

At no time did the DSMB indicate a concern about the safety of the study subjects 

or about the data resulting from the study at the given intervals. 

The last conversation was a teleconference to discuss the most recent complications 

and the preparation for the submission of the PMA. At that time, as each prior 

meeting, the Chairman of the DSMB reported the complications seen to date 

suggest a reasonable and acceptable safety profile. 

September. 2002 Confidential Volume 7 Page 93 



c .- 
% 

E 
0 

c 
L u 
v1 

.I +- 

.m 

; 

a2 * - 3  

e: $ 2  
0 
9 - 
m 
I-- 
\ 

+- 
$ 3  
5 2  

c 

I 

.P E + -  $ !  

I 
Q 

.c, -= a -2 
Y 

     
    

     

  
    
   

   +-n p . r Y            
        
          

C 



e 
0 
.I 
.y 
0 
L u m 

.I 

6 

c, g B  
g d  

e3 
Q 

c, ’= a .= 
C 

   
      
      
   
    
  



-G 

- 
0 
d 
0 
d 

--. 
1 

- 
0 
\o 
2- 

e . 
vl 

0 
0 
\ 

f! . 
- 
0 
d 
0 

--. 

2 

0 
00 
N 
hl 

--. 
--. 

- 
0 

N 
hl 

--. - 
--. 

3 

0 
00 
-. - . 

I W 
0 
M 
0 
d 

--. 
--. 

a, a 
0 u 
8 x m 

       
     

   
   
   

     
   
           

   
    



Modular PMA #Mol 0005 Cardima, Inc. 

Moderate 

Table F-38,* Alphabetical Listing of All Complications Possibly or Probably Related 

Uncertain Uncertain 

to Procedure or D e i c e  (or with 'Uncertain" Relationship:) ~- 

Moderate 

- 
PPD* - 

28 

Not Relat Possibly 

stop 
Date ~- ~- 

11 /07/00 

Re1 To 
Severity I Device 1 ';t!o? 

Date Of 
Onset Tx Date AE Symptom 

Arrhythmias, 
Possibly 

Requiring Drugs 
And/or Dc 

Cardioversion 
Arrhythmias, 

Possibly 
Requiring Drugs 

And/or Dc 
Cardioversion 

~ 

0 1 /07/00 1211 0199 

I ~ 

1211 010 1 Moderate Not Relat Possibly l l  I211 010 1 04105101 249 

- 

0 

- 

116 

Arrhythmias, 
Possibly 

Requiring Drugs 
And/or Dc 

Cardioversion 

071 1 910 1 )8/22/01 07/19/01 

I Arrhythmias, 
Possibly 

Requiring Drugs 
And/or Dc 

Cardioversion 

11/13/01 071 1 910 1 Severe Not Relat Possibly 1 1  11/12/01 

Arrhythmias, 
Possibly 

Requiring Drugs 
And/or Dc 

Cardioversion 

0411 5/02 04/04/02 11  

Atrial Flutter 0311 1/02 0211 4/02 25 
1211 510; 

1911 710 I 

-- 0 

0 

- 

- 
1 

021 14/02 

0911 710 1 

021 14/02 

0911 7/01 

Back Pain 
Back Pain And 

Nausea Mild Not Relat Probably I I  
Bleeding 04/06/0 1 14/06/0 1 04/05/~01 Mi ldTo  I None I Probable Moderate 

Bleeding Of Rt 
Groin 03/23/00 13 12 3lo.C 03/22/QO 1 Mild I None I Probable 

1 I 

Mild Not Relat Not Relat + I -- 1 /20/0 1 

16/29/95 

0.511 1/01 -- 

06/09/99 

174 

18 

- Blurred Vision 
5ronchitidPossibi 
; Pneumonia And 

UTI 

11/01/01 

06/27/99 Moderate) None 1 Uncertain 
! I 

Bum To Chest 
From 

Cardioversion 
Mild 1 None 1 Probable 04/03/00 )4/ 1 3/OiC 04/03/00 0 

Cardiac 
Perforation 

ind/Or Resulting 
Iemopericardium 

AndlOr 

Severe Not Relat Probably l l  0 1 I1 0102 )1/14/O2 0 1 / I  0102 0 

- 
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RelTo 
Device # Study Pt ID AE Symptom Severity 

Tamponade 

None Chronic Fatigue & Moderate 15. IIB 606 Dyspnea 

16. 111          Mild Not Relat De fibr i I lati on 
Bums 

RelTo 
Proc 

Uncertain 

Probably 

17. 
18. 

19. 

11B        Dehydration Mild None Uncertain 04/27/00 
111        Drug Reactions Moderate Uncertain Uncertain 06/12/01 

I11          Arteriovenous Moderate Not Relat Probably 04/28/01 
Femoral 

Fistula 

20. 

Increased 
Paltitations 

Moderate Not Relat Possibly 07/20/01 Generalized 
111          Discomfort 

Increased 
Weakness And 

Shaky Sensation 
W/Mild Nausea, 

Coldness Of 
Hands And Nose 

21. 

22. 

23. 

Infection 

Infection 

Mild None Probable Hematoma Right 
Groin IIB        

111        Hasp' Ablation For Mild Possibly Possibly 

Hosp. For 

Node Ablation 
111        Aborted Total AV Mild Possibly Possibly 

28. I IIB          I Left Groin Pain 

~ Moderate 

Mild To 
Moderate 

Mild 

29. IIB        I NerveDamage 

None Uncertain 04/09/01 05/02/0 

None Uncertain 04/09/01 

None Probable 07/09/99 

34. 

35. 

04/ 1 6/0 1 

04/22/0 1 
M i l d T o  1 None Probable 104/11/01 1 - !04/05/01 1 6 Moderate 

111        Pneumonia Moderate Not Relat Probably 10/25/01 

Mild Not Relat Probably 10/25/01 Posterior Thoracic 
111        Skin Burns 

I I I I ++ 
Mild None Probable 11/14/99 
Mild None Probable 04/15/99 

Numbness At 

3 1. I11        Pauses Asystolic Severe Not Relat Probably 10/25/0 1 10/3 1/0 
32. 111        Pericarditis Mild Uncertain Probable 05/3 1/0 1 06/0 1/0 
33. I 111 1        I Pericarditis 1 Mild I Possiblv I Probablv I 10/25/01 ~ 1 0 / 2 6 / 0 l ~  10/24/01 1 1 
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Table F-38,” Alphabetical Listing of All Complications Possibly or Probably Related 

Redness On 
Bilateral Heels 
And Back Of 

Head, Blister On 
Left Index Finger 

Device (or with “Uncertain” Relationshinll 

1011 2/00 

to Procedure or 

1011 6/0C 

Onset Date 

Moderate None 02/28/0 1 0511 610 :I 

       

SA Dysfunction 
Possj bly 

Requiring A 
Permanent 
Pacemaker 

Moderate Probably 10/28/01 1 l/Ol/O’l 

          

Skin Irritation: 
Erythema To Skin 

And Itch At 
Sternum From 

Cardioversion Pad 
Site 

Mild 
Mild 

Not Relal 
Not Relal 

Mild None 3511 7/99 0811 1/99 

vloderate None 

Tx Date PPD” # 

36. 

37. 

~ ~ 

- 

Stud 
__ ~ 

111 

Re1 To 
Proc 

Re1 To 
Device Severity 

Possibly 07/31/02 I 0211 4/Gl2 167 
- 

6 
- 

1 

- 

5 

Pulmonary 
Hwertension          1 Mild Not Rela 

I11 Rash From 
Electrodes        I 10/17/00 ~ll/lOIOC 1011 1/00 

-- 

10/11/00 

Probable 

Probable 38. 111 

39. 111          
    

         

Right Groin 
Hematoma Moderate Not Relai Possibly 02/19/02 ~03/08/0i 021 14/02 
I 

40. 
__ 

41. 

- 

42. 

- 

43. 

Mild lNot Relai Possibly 12/04/01 112/18/o:l 12/03/0 1 1 Rt Groin 
Ecchymosis 

SA Dysfunction 
Possibly 

Requiring A 
Permanent 
Pacemaker 

I I 

Probable1 
None        0212 1 IO 1 7 

Probably 1 0/24/0 1 4 

I I 

111 Moderate ]Not Relal Probably 04/02/02 1 
I 

44. 
45. 
-           1 Sore Throat -- 1211 3/01 

1211 710 1 
0 
0 
- Probably 

Probably          Sore Throat + 46. Ill Mild Not Rela1 * 04/04/02 1 Probably 

Probable 06112199 06/14/951 /I. Sore Throat & 

Infection 
Sore Throat And 

Stroke 

47. IIB 06/09/99 3 
- 

0 48. 
- 
49. 

Ill 
- 
1lB 

0513 1/02 Mild Not Relat Probably 

Uncertain 02/04/00 0 

50. IIB          I Stroke Mild I None Uncertain 3711 2/00 11 1/27/0(1 06/06/00 36 - 

24 
- 

9 

       1 Superficial 
Chemical 
Phlebitis 

51. IIB Uncertain 0412 3 199 

04/05/0 1 
-- 

52. - 111          I SVT Uncertain 
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Table F-38,” Alphabetical Listing of All Complications Possibly or Probably Related 
to Procedure or Device (or with “Uncertain” Relationship) 

54. IIB        

AE Symptom 

Swelling Right 
Hand 

Traumatic Injury 
To Left Leg 
WBleeding 

Secondary To 
Coumadin 

Unable To Take 
Deep Breath & 

Right Thigh 
Numb 

Weakness - 
Generalized 

Worsened Atrial 
Fibrillation 

RelTo RelTo Severity I Device 1 Proc 

Mild Not Relat Possibly I I  
Moderate1 None 1 Probable 

I I 
I I 

Woderate Not Relat Possibly I I  

07/20/01 ~ . ~ _ I ~ / o I  1 I, 
05/25/99 05/1 6/01 04/27/99 

04/15/99 104/29/99 I04/14/99 I 1 

“Includes “Major Complications” 
**PPD=Post Procedure Day 

7.6.9 Comparison of Complications of RFCA 

As a context for considering the complications reported for this study, a review of 

published results for similar procedures was undertaken. While there is ample 

literature for more established cardiac ablation therapies, including complications, 

there was sparse evidence in the literature of right atrial ablation for atrial 

fibrillation. 

Table F-39 summarizes four review articles that report complication rates for 

Accessory Pathway, AV node ablation, AVRNT procedures, and Ventricular 

Tachycardia for large study populations, generally registry populations. It should 

be noted that these articles may be reporting complications without regard for the 

FDA definition of “major complication”. 
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Three publications were identified that report on right atrial RF  ablation for AF. 

Because the nature of complications for cardiac catheterizations is similar, the same 

format for presenting complications was used to summarize the AF articles, a s  

well. Notably, these article report complications sparsely, if at all, but those 

complications that are reported are significant in both type and frequency, ranging 

from 8.3% to 22.2%, involving primarily phrenic nerve injury and sinus node: 

injury. 

In comparison to these published complications, the REVELATION@ Tx Ab1 ation 

System procedure has a very strong safety profile of 4.0% over all, with no phrenic 

nerve injuries and 1.1 % sinus node injury, as distinct from underlying or pre- 

existing sinus node dysfunction. 

-- 
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Characteristics 

Ease of Catheter Placement 
Stability of Catheter Placement 
Radiopacity of Catheter after Placement 
Pacing 
RF Energy Application 
Overall System Performance 

7.6.10 Catheter Performance 

Rating (%) 
Very 
Good 

17.4 
36.7 37.8 
42.9 34.7 
49.0 32.7 14.3 
28.6 27.6 25.5 15.2 
41.8 41.8 
31.6 46.9 

Avg. Fair Poor Excellent 

Catheter performance was evaluated on five fundamental characteristics, as 

illustrated in Table F-41. Overall catheter performance was rated "Very Good" to 

''Excellent'' 78.5% of the time. All five of the fundamental characteristics were 

rated "Very Good" to ''Excellent'' in more than 55% of the ratings, with the inost 

ratings (83.6%) for "Very Good" to "Excellent" ratings for "RF Energy 

Application" of the REVELATION@ Tx. 

Table F-41 - Investigator's Performance Evaluation 
of the REVELATION@ Tx Microcatheter (n=98") 

The relatively weakest performance indicator was for pacing, with 56.2% of the 

ratings being "Very Good" to "Excellent"; 25.5% rated the performance as 

"Average". 
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Characteristics 
(n=48) 

Ease of NavAblatorTM Placement 

The NavAblatorTM 4 mm “hot tip” ablation catheter was also evaluated using a 

similar slate of characteristics. The NavAblatorTM was introduced into clinical use 

for the first time during this study and its performance ratings reflect its level. of 

maturity in contrast to the REVELATION@ Tx. 

Rating (%) 

Excellent Very Average l-z- Good 
29.2 10.4 20.8 =T 

Table F-42 reports the evaluation results of the NavAblatorTM 

Ease of Deflection 
Stability of Placement 

Table F-42- Investigator’s Performance Evaluation 
of the NavAblatorTM (n=48”) 

31.3 12.5 14.6 I :::: 1 lg637 
31.3 16.7 31.3 

Radiopacity 
Pacing 

51.1 27.7 21.3 
44.4 16.7 38.9 0.0 0.0 

RF Energy Application 
Overall NavAblatorTM 
Performance 

41.3 19.6 26.1 t z X y  0:; 
34.0 6.4 14.9 

a Indicates the range of sample sizes for the individual characteristics rated. 

The overall performance of the NavAblatorTM was rated as “Average” and above by 

55.3% of the users, with 40.4% of them rating it “Very Good” to “Excellent”. 

Pacing and RF Energy Application each were rated as “Very Good” to “Exce:llent” 

by more than half the users (61.1 % and 60.8%, respectively). 

The relatively lower ratings for the NavAblatorTM are believed to be largely due to 

a sub-optimal deflection mechanism that has been improved during the course of 

the investigation. 
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7.6.1 1 Customer Experience Reports of Device Performance 

Customer reports about the performance of the REVELATION@ Ablation System 

and any of its devices or components were recorded. 

The nature of the reports suggests a typical design evolution in which earlier 

products may show some room for process improvements and, once ;addressed, 

those complaints diminish. 

At the beginning of the study there were some complaints recorded concerning 

some electrodes or thermocouples on a given catheter failing to perfclrm. The 

volume of those complaints was substantially reduced by the time of this report. 

Likewise, no further reports of lamination failures have been docume:nted since the 

process improvement was implemented. 

Occasional electrode failures on a device of this complexity are not blelieved to be 

unexpected or unusual. 
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7.7 Criteria for Measuring Safety and Effectiveness 

7.7.1 Clinical Endpoints 

0 The primary clinical endpoints for this study are: 

o Frequency of any spontaneous symptomatic episodes of AF experienced by 
the subjects. 

o Incidence of adverse effects 

As shown in Section 7.6.3, pages 77 through 84, and in Tables F28a tlirough F-29b, 

the results indicate significant reduction in the frequency of spontaneous 

symptomatic AF episodes experienced by the patients in this study, with an average 

reduction of 73.6% k 5.2% and a median reduction of 93.8% at six months. 

The incidence of adverse effects is less than or comparable to those reported in the 

literature for other RFCA in the right atrium and for ventricular RFCA, as well, and 

far below those reported for the few published studies of RFCA for AF in the right 

atrium. 

In addition, according to the “definition of clinical success” the confidence 

intervals for the results at three and six months demonstrate an unequjvocal siiccess 

(see Section 7.6.3, page 77). 

0 The secondary clinical endpoint is: 

o Quality of Life based upon changes in the scores of the SF-36 and AFSS 
questionnaires 

As shown in Section 7.6.6, pages 88 through 91, these subjects demonstrated 

improvement in all eight SF-36 quality of life scales at both the three (and six month 

follow-up assessments. There were quite substantial and clinically significant and 

highly statistically significant improvements for four of the eight domains (Role 

Physical, Role Emotional, Vitality, and Social Functioning) at both of these follow 

up assessments, clearly indicating overall substantial patient benefit. 
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7.7.2 Procedural Endpoints 

The procedural effectiveness is demonstrated by the presence at the line(s) of 

ablation of either split potentials or a reduction in electrogram amplitudes from pre- 

ablation to post-ablation. 

The data reported in Section 7.5.3, pages 72 through 74, are not sufficient to 

demonstrate either success or failure for the procedure, although the chronic results 

strongly suggest that the acute results were successful. 

/ “ I  I September, 2002 Confidential Volume 7 Page 120 



Cardima, Inc. Modular PMA #M010005 

7.8 Rationale for Combining Phase IIb and Phase I11 

The protocols for Phase IIb and in Phase 111 of this study shared significant 

similarities. The similarities and differences of the protocols are summarized in 

Table F-45. 

The initial feasibility protocol (Phase IIa, Original IDE#G970280, in a letter from 

FDA dated December 19, 1997) was approved to study feasibility and safety. 

However, effectiveness was also assessed by the extent of symptomatic episode 

reduction at six months based upon event monitor recordings transmitted during the 

follow up period. Safety would be assessed based upon the incidence of 

complications. 

December, 12, 1998 (Supplement #13) an “expanded feasibility”, Phase IIb, was 

approved with similar objectives and endpoints as Phase IIa, but with more specific 

assessment criteria. 

In June, 2000, (Supplement #26) Phase 111 of this study was approved. The study 

objectives and follow up durations and assessment measures for Phase IIb and 

Phase 111 are identical. The patient selection criteria are similar except that Phase 

I11 extended the upper age limit to 80 from 75 years and permitted a prior CVA if 

26  mo past as opposed to excluding any prior CVA. The increased age limit would 

not introduce a positive bias into the study, nor would the addition of patients with 

a prior CVA, but it did expand the study population. 

These slight patient selection differences do not affect pooling the data from these 

two phases of the study, consistent with the encouragement issued by FDA to 

maintain the protocol for Phase 111 as closely as possible to Phase TI to facilitate 

pooling the data from the two phases. 

Table F-45 summarizes the study phases and their similarities. The study phases 

are presented in this table from most recent to least recent. 
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7.8.1 Lesion Sets and Ablation Catheters 

"The optimal" lesion set is not identified by this study, nor was it an explicit 

objective of the protocol. This study was only intended to identify and suggest 

likely trajectories for consideration. 

Correspondence (e-mail) dated November 16, 1998, between the Sponsor and the 

Agency reported that i t  was understood [by FDA] that a specific lesion set for the 

protocol could only be a guide and that some ". ..deviations may occur based on 

best medical judgment.. ..', and that "[Such] deviations presumably will not 

disqualify patients from data analysis. 

It should be noted that the "optimal" lesion set for the catheter-based RF  ablation 

"maze" procedure has not been identified according to current literature, as 

indicated by the continuing controversy over whether right atrial lesions or left 

atrial lesions are more effective in treating AF. The mechanism of atrial fibrillation 

is still not fully understood, but is generally believed to be the result of multiple- 

reentrant wavelets occurring randomly in the atrium. Changes in the myocardium 

that often occur with aging facilitate development of a substrate to support such 

reentrant wavelets. The creation of linear barriers (lesions) in the atrial wall has 

been shown to block these wavelets. However, no specific lesion pattern has been 

shown to be more effective than another in creating these barriers. 

Dr. Abraham Kocheril has reported on 29 drug refractory PAF patients 

prospectively studied with the REVELATION@ (no thermocouples) with the 

Cardima NAVIPORT@ to create a variety of lesions, always including an isthmus 

line". In his study, lesions are created during sustained AF. This study further 

indicates that no precise combination of lesions, approaches for the RFCA 

treatment of AF  has yet been defined. 

In a prospective study of 18 patients with drug refractory paroxysmal AF, Dr. 

Andrea Natale used variations of three (3) different right atrial lesion patterns (all 

of which included some variation of an isthmus line) and found no differences in 

outcomes relative to lesion pattern, indicating that lesion patterns may be best 

-- 
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determined by the mapping procedure or physician's judgment (e.g., when 

arrhythmia prevents mapping/pacing; prior ablation at that site; no mledical 

indication for that trajectory)". 

Dr. Hein Wellens reports that it has been shown "...that a large reent:rant wave in 

the right atrium may become unstable, giving rise to secondary smaller wavelets 

resulting in AF." Dr. Wellens further reports, that catheter ablation of the right 

atrial isthmus resulted in the prevention of AF in combination with 

pharmacological therapy'*. However, isthmus ablation alone has not proven to be 

effective for AF. 

All three phases of the investigation of the Cardima REVELATION@ Tx Ablation 

System suggested, but did not require, a lesion set that included a line at the 

isthmus. Figure F- 10 illustrates the approximate location of the four possible lesion 

locations discussed in the protocol(s) under which this study was conducted. 

Figure F-10, Lesion Trajectories 

I 
1. 

' Jsthinus 
c: 
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1,esion Lines 1 Frequency 

As shown in Figure F-7, the suggested lesion sets in this study include lateral, 

septal, and isthmus lines and, at the investigator's discretion, sometimes an anterior 

line. Table F-45 summarizes the lesion sets actually created in the patients 

included in this report. 

YO 

Table F-45 Lesion Lines Ablated during RF ablation treatment 

BC 
BCD 
Total 

1 1.1 
1 1.1 

95 100.0 

I AB (no isthmus) I 6 I 6.3 I 

I AC I 2 I 2.1 I 
I ABCD I 2 I 2.1 I 

A = posterolateral, B = posteroseptal, C = isthmus, D = anterior 

In over 90% of the subjects (86/95, 90.5%), at least three of the four possible lines 

of ablation were ablated. Six subjects did not have the isthmus line ablated and had 

only the posterolateral and posteroseptal lines treated (AB). The majority of the 

subjects (78/95, 82.1 %) were treated with the posterolateral, posteroseptal, arid 

isthmus lines (ABC). 

It is important to note that all three phases of the study permitted the use of 

"standard institutional procedure" to complete the isthmus line, if neclessary 

The anatomy of the isthmus includes varying ridges and valleys wherle the atrial 

wall can vary in thickness from 2-3mm to 2-2.5cm in thickness. This challenging 

anatomy may sometimes require a conventional "hot tip" ablation catheter to 

achieve sufficient tissue contact for optimal lesion creation rather than the flexible, 

linear arrayed REVELATION Tx. The conventional "hot tip" ablation catheter is 

typically a 7Fr or 8Fr 4mm tip ablation catheter with a single ablation electrode and 

two to three mapping and/or pacing electrodes. 
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Each phase of the study permitted participating investigators to use thie standard 

“hot tip” ablation catheter stocked by their institution when the REVE:LATION@ Tx 

was not effective in the isthmus region. 

Prior to the approval of the Phase I11 protocol, FDA advised Cardima that it would 

be necessary to specify one RF ablation catheter as the option for the iisthmus line 

when the REVELATION@ Tx could not achieve the desired lesion depth in that 

region. Because there were no other catheters approved for treating AF, Cardima 

elected to introduce its own 4mm “hot tip” electrode RF ablation catheter, called 

the NavAblatorTM as an additional investigational device for creating lesions ,at the 

isthmus. 

Thus, Phase I11 was approved to include the NavAblatorTM, a 4mm “hot tip” 

ablation catheter that “. ..is specifically intended as an optional device: for ablation 

at the “”cardiac isthmus”” (page 16 of the protocol). However, the protocol still 

permitted the use of “standard institutional procedure”, just as both prior phases 

had done. 

The introduction of the Cardima 4mm “hot tip” ablation catheter, the 

NavAblatorTM, made the Cardima REVELATION@ Tx Ablation System self- 

contained, so that the labeling for the Cardima system would not require the 

creation of the isthmus (flutter) line with a non-system catheter. 

In all cases, the REVELATION@ Tx Microcatheter was used to complete the 

lateral, septal, or anterior lines. In some cases, it was also used to cornplete the 

isthmus line, as well. 

It is important to note that the “optional” use of non-study 4mm “hot tip” ablation 

catheters for the isthmus line occurred randomly across all phases of the study. 

When the EVELATION@ Tx Microcatheter could not achieve bi-directional block 

at the isthmus, a conventional “hot tip” RF ablation catheter was used. The “hot 

tip” ablation catheter was a tip electrode, 6 Fr to 8 Fr RF  ablation catheter, whether 

it was Cardima’s catheter or the “standard institutional procedure”. A,nd, in all 

cases, the “hot tip” catheter was only used to complete the flutter line.. 
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Catheters 
NavAblator Only 

Table F-46 identifies the catheters used to create the isthmus line in this study. 

38.2 
Frequencyln 

34/89a 

Table F-46, Catheters Used To Ablate The Isthmus Line 

REVELATION Tx only 
Other only 20.2 

20189 
18/89 

Isthmus line not ablated 
NavAblator, Other 5.6 6-7 i 6/89 

5/89 
I REVELATION Tx. NavAblator I 2/89 I 2.2 I 

~~ ~ 

I Isthmus Line Not Ablated I 6 I I 
I Total I 95 I 100.0 I 

a NavAblator used for Isthmus only, Tx used for lateral and septal lines, plus isthmus and 
anterior lesions. 

As illustrated in Table F-46, non-study catheters were used exclusively to ablate the 

isthmus line in 18/89 (20.2%) subjects who received an isthmus line ablation.. The 

NavAblatorTM was employed exclusively in 34 subjects (35.8%), in combination 

with other catheters in five subjects, and with the REVELATION@ Tx in two 

subjects. The REVELATION@ Tx was employed exclusively in 20 subjects 

(21.1 %) and with other catheters in 10 subjects (10.5%) 

The "hot tip" catheters used in this study to create the isthmus line are identified in 

Table F-47 with the key features to illustrate their similarities. Fully half of the 

non-study catheters used to create isthmus lines were the EPT Blazer (16/32, 50%). 

Slightly more than twenty percent (7/32,2 1.9%) were created with the Navistar and 

the balance was Medronic and Chili CoolTip. 

Table F-47, Hot-Tip Catheters in REVELATION Tx Study 

I DeviceName 1 #Used I 

Navistar 
Medtronic 
Chili/CoolTip 
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REVELATION Tx only 
NavAblator only 
Other only 

The characteristics and performance for this type of catheter are generally 

equivalent across manufacturers and the outcome data support that equivalence in 

that 18% of the study subjects were treated with non-study catheters a.nd only 15% 

to 16% of the study procedures could be considered non-successful (see Section 

8.6.3, Episode Reduction, Table F-29a and 29b). 

12/18" 66.7 
30134 88.2 4 
18/18 100.0 

Overall, bi-directional conduction block at the isthmus was achieved in the 

majority of the 89/95 subjects who received an isthmus line ablation (73/89, 82.0%, 

Table F-48), with the majority completed with the NavAblatorTM only (30/34 

subjects, 88.2%), or with non-study ("other") catheters (1 8/18, 100.04b). 

REVELATION Tx, Other 
NavAblator, Other 
REVELATION Tx, NavAblator 

Of equal interest is that the success in reducing the recurrence of symptomatic AF 

episodes appears to be without regard to whether or not "bi-directional conduction 

block" was reported for the isthmus line. 

8/10 
31.5 
212 100.0 

Table F-49, Successful Bi-Directional Conduction Block 
at Isthmus by Catheter 

I Isthmus line not ablated I 6 I I 
I I I 4 

* 2 unspecified bi-directional block. 

These data show that the NavAblatorTM has been used to create the isthmus line, 

once it became available, more often than "standard institutional procedure" and 

that it is successful in creating bi-directional conduction block as often or more 

often than the "other" catheters. 

-- 
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It should be noted that the REVELATION@ Tx was used to create a line of block at 

the isthmus in 13.5% of the time am isthmus lesion was incorporated into the 

procedure. 

7.9 Related Clinical Studies 

There were two other clinical studies conducted with the predecessor device, the 

Cardima PATHFINDER’ AF, whose name was later changed to the 

REVELATION@. This device differed from the subject investigational device in 

that the REVELATION@ does not incorporate temperature sensing the:rmocouples. 

In Europe a multi center study was conducted with this device, the results of which 

have been referenced in the prologue of the investigational plan, but for which there 

is limited access to raw data, so the results are not intended to support the safety 

and effectiveness for this device. 

In addition, a single centedsingle investigator study of 29 subjects was conducted 

in the US, where the use of a non-temperature sensing device for the purpose of 

ablation in considered “off-label”. This study has been published and the reprint is 

included with the bibliography supporting this PMA application. The results of this 

study demonstrate a 79% success rate, over a mean follow up of 19.7 inonths”. 
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8.0 Conclusions 

Based upon the results for the stated criteria, the safety and effectiveness of the 

Cardima REVELATION@ Tx with NavAblatorTM Ablation System has been 

successfully demonstrated. 
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a. Massachusetts General Hospital

This study of seven goats conducted' in the animal research facility at Massachusetts

General Hospital under the direction of David Keane, MD, Ph.D. A key objective was

to evaluate the effective set temperature range as well as device performance. Four

trajectories in the right atrium were targeted, using an inferior approach. Ablation was

performed with all electrodes at that site. No attempt was made to reposition the

catheter and reapply RF after the initial ablation. In other words, no attempt was made

to extend or connect ablation lines. Three animals were acute'studies temperature was

increased from 45°C to 50°C. In the third acute animal the lesions appeared to be

better defined, so it was decided to continue the study at that set temperature four

chronic studies, analyzing the lesion healing over a period of 4 weeks. A complete

summary of the study of all seven goats follows.

Methodology

Each goat was maintained on anesthesia with Halothane via a respirator. The electrode

catheter was then inserted through a guiding catheter via femoral percutaneous access

into the right atrium of the goat. A number of pre-determined anatomic trajectories

were targeted as the site of ablation throughout the study. Upon positioning the

electrode catheter against the tissue in one of the specified trajectories, bipolar pacing

thresholds and bipolar and unipolar electrograms were recorded. Radiofrequency

energy was delivered through each electrode sequentially using a pre-defined

thermocouple set temperature to provide feedback control of the RF power. The

thermocouple positioned just proximal to the electrode was used for the feedback

control. The initial settings were a 45°C set temperature and a SOW upper power limit.

The differential impedance shutoff setting was set initially at 10Q meaning that the RF

generator will shut off if the impedance rises by more than 10Q from the lowest

impedance value throughout the run. Upon completion of radiofrequency energy

delivery at all the trajectories, pacing thresholds and electrograms were again recorded.

At the conclusion of each procedure, the goat was either sacrificed acutely or survived

for between 1 and 4 weeks. Upon sacrifice the heart was removed and examined for

signs of trauma or other complications. Excised hearts were stored in formalin until
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histological preparations were performed. H&E and Trichrome stains were used.

Sections were taken transversely along the length of the lesion in 2 mm increments.

Results

Procedure Execution

The first three goats were sacrificed acutely. The remaining four goats were sacrificed

at one-week intervals after the procedure up to 4 weeks. The first two were ablated

with a control set temperature of 45°C. Because this temperature setting did not appear

to produce adequate lesions, the set temperature was increased to 50°C for the

remaining goats studied. The control settings were such that the RF generator would

deliver power up to a maximum of SOW to achieve the desired set temperature. During

the course of the first five goats studied, it was observed that the power would at times

rise to the 50 W maximum without achieving the set temperature. It was presumed that

this occurred because the electrode was in poor tissue contact. In order to reduce the

likelihood of thrombus formation when the electrode was not in contact, the maximum

RF power limit was reduced to 25W for the remaining two animals studied. During the

course of the study the differential impedance cutoff limit was initially set to 1OQ. In

some instances, this had to be increased to 20Q or 30Q because of fluctuations in

impedance (presumably due to mechanical motion) that would cause the RF generator

to shutoff within the first 5 seconds of RF delivery. For the procedure on Goat 56,

after completion of the right atrial burns, a transseptal puncture was made and a

transseptal sheath placed into the left atrium. RF energy applications were made in the

left atrium outside the scope of the protocol and the results are not included. No acute

complications resulted. Goat 55 expired during RF delivery along the IVC-TA

isthmus. There was no evidence of mechanical cardiac trauma or damage to the AV

node, leaving the cause as inconclusive. The procedural key points are summarized in

Table C-2
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Table C-2: Procedural Summary

Ref#

1
2
3
4
5
6
7

Goat ID
#
54
55
56
57
61
62
58

Survival
Duration

Acute
Acute
Acute
1 week

2 weeks
3 weeks
4 weeks

Control Set
Temperature (°C)

45
45
50
50
50
50
50

Maximum Power
(W)
50
50
50
50
25
25
50

Contact Assessment

Electrogram amplitudes and bipolar pacing thresholds were measured pre- and

post-ablation. Absolute values of electrogram amplitudes from study to study

cannot be compared because of possible variations in gain adjustments; however,

they remain a good indicator of relative changes within a study. An example of

electrograms obtained in study are presented in Figure C-l.

Goat #62
Location: Posterior Septal
Temperature Setting: 50 °C

Bi-Polar: electrodes 5, 6
Pre-ablation Post-ablation

•4-*-——

Uni-polar: electrode 5
Pre-ablation Post-ablation

Figure C-l: Example of Bipolar and Unipolar Electrograms Pre- and Post-Ablation
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The frequency and amount that the electrogram amplitudes decreased after RF

ablation is shown in Figure C-2. Bipolar electrograms were reduced by more than

50% 36% of the time. Unipolar electrograms were reduced by more than 50% 23%

of the time.
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Figure C-2: Frequency of Electrogram Amplitude Change After Ablation
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Figure C-3 shows the percentage of the time that pre-ablation pacing thresholds

fell within a given range and what effect ablation had on the increase in the post-

ablation threshold. A pre-ablation pacing threshold of less than 1.5 mA was

achieved 35% of the time and resulted in a average pacing threshold increase of

146%.

Relationship between Pre- and Post-Ablation Pacing Threshold

Pre-Ablation Pacing Threshold (mA)
Observations j

% Increase

Figure C-3: Relationship between Pre- and Post-Ablation Pacing Thresholds

RF Power Delivery

The RF generator automatically adjusts RF power to maintain a constant

temperature at the thermocouple. The average amount of RF power delivered by

the RF generator to a given electrode varied throughout the study. Again, while the

first five procedures were done at a setting of 50W maximum, the last two at 25W

maximum.

Acute Coagulum Formation
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After RF power delivery at each position, the catheter was removed and inspected

for the presence of coagulum adhering to the electrodes. Grading the amount of

coagulum is difficult and usually it was noted as present or not present on a given

electrode. No abrupt impedance rises (i.e., sudden jumps to 200+Q) were noted

during any of the RF applications, keeping in mind that the differential impedance

value was often increased to 20-3 OQ to prevent shutoffs due to mechanical motion.

The frequency of coagulum formation on the electrode is displayed as a function of

power in Figure C-4 (please note presence of coagulum = 10, no coagulum = 0).

This illustration suggests no clear correlation between RF power and coagulum

formation.

Electrode Coagulum Related to Power

OOCXDO © <BD(DO • OtUJL) ' O <D 'Jtlftt-UJ™'' ©

0 —nnmiminHllllllHlllllliaillllHIl ""'III '""' ""' iminm HT1M Illll MTM Illlll III UTTiuiin luiuifli
10 S fc § S

OCoag

gAvg Power

RF Application #

Figure C-4: Electrode Coagulum Related to Power

Gross Examinations

As mentioned above, Goat 55 expired during the final RF application along the

IVC-TA isthmus. Only cardiac gross dissections were performed in this study, so

distal infarcts, or evidence of embolic phenomena were not detected. However, the

AV node of Goat 55 was examined by the pathologist and was determined to be
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undamaged (not inadvertently ablated). An adherent thrombus approximately

14mm long was found on gross examination of the right atrium of Goat 55. There

was no clinical indication of pulmonary embolization (i.e., rapid onset sinus

tachycardia and drop in blood pressure) in this or any other animal. No mechanical

trauma was noted in any of the animals studied, including Goat 55, except as

caused by the intended transseptal puncture in Goat 56.

Table C-3 shows the intended ablation locations where the pathologist was able to

identify lesions. Lesions were identified at 15 trajectories of the 28 attempted

(54%) in all goats. For the 50°C set temperature, lesions were identified at 12

trajectories of 20 attempted (60%). The anterior lesion in Goat 54 may have been

overlooked by the pathologist.

Table C-3: Summary of Lesions Identified Pathologically

Ref#
1
2
3
4
5
6
7

Goat ID#
54
55
56
57
61
62
58

IVC-SVC
X

X

X

X

X

Septal
X

X

X

Anterior
9

X

X

X

IVC-TA
X

X

X

X

All acute lesions had some level of adherent fibrin thrombus. All chronic lesions

examined, however, revealed no adherent fibrin thrombus. Goat 55 had a relatively

large adherent thrombus despite the fact that there was no identifiable lesion.

Histological Examinations

The summary of lesion dimensions is presented in Table C-4. Diagrams and

photographs from gross and histologic exams are provided in Appendix E. The

analysis of the lesions was performed by Dr. Aretz, a cardiac pathologist at MGH.

Two goats were ablated at a 45°C set temperature and examined acutely however,

only one had lesions that could be measured microscopically. The lesion width for

this goat averaged 3.1 mm with a range of 1.3-5.5 mm. The depth averaged 1.2

mm with a range of 0.2-3.1 mm. Five goats were ablated at 50°C; one examined
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acutely and the others after 1-4 week survival periods. The overall average lesion

width was 5.0 mm with a range of 0.3-13.3 mm. The depth averaged 2.1 mm with

a range of 0.3-5.2 mm. At least 20% of the sections examined showed that the

lesions were transmural (defined by the pathologist as the volume of tissue

extending from the endocardial surface to the epicardial surface). Additional

sections had necrosis extending into the epicardial layer of fat, many after a 4 week

survival period. Continuous lesion lengths varied considerably from about 5 to 25

mm depending on whether or not all electrodes were in contact with the tissue.

Table C-4: Lesion Dimensions

Control Set Temperature: 45°C

# Sections
Average

Min
Max

Stdev

Width
(mm)

12
3.1
1.3
5.5
1.6

Depth (mm)

11
1.2
0.2
3.1
1.0

Length (mm)

2
10.5
5.0
16.0

na (2 values)
Control Set Temperature: 50°C

# Sections
Average

Min
Max

Stdev

Width
(mm)

50
5.0
0.3
13.3
2.7

Depth (mm)

50
2.1
0.3
5.2
1.0

Length (mm)

11
15.0
8.0

25.0
5.6

As noted grossly, the acute lesions formed using both 45°C and 50°C set

temperatures showed the presence of microscopic thrombus. The tissue was

thermally damaged, desiccated, and at times disrupted.

At one week, the lesions showed evidence of early organization and healing. The

center of the lesions had necrotic myocytes with the peripheral myocytes being

calcified. The endocardium showed no signs of disruption or the presence of

thrombus.

The lesions examined after a two week survival were well healed and fibrotic. The

endocardial surface of these lesions was not disrupted and did have some viable

myocytes.
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The tissue at three weeks was difficult to evaluate due to autolyzation but showed

evidence of well healed lesions and intact endocardium.

At four weeks the lesions were very well healed with fibrotic tissue. Many of these

lesions were transmural. The endocardium was intact with a thin subendocardial

layer of viable myocytes in some areas.

Discussion

During the procedure, for a given position, it was common to have some electrodes

with "good" electrograms (defined as relatively high amplitude, sharp deflections)

and "low" pacing thresholds (defined here as less than 1.5 mA), while other

electrodes had poorer values. Nevertheless, it was often the decision to apply RF

energy to all or most of the electrodes. Further, because of the interest in

determining if there was a correlation between RF energy delivery parameters to

lesion size and location, the catheter was never repositioned with RF reapplied to

the vicinity of a previous RF energy delivery site. In other words, no attempt was

made to extend or connect RF burn lines, as might be expected in clinical

applications. A result of this was that a lesion could not always be formed from all

the electrodes selected for RF delivery as evidenced by the lesion lengths being

shorter than the sum total of the electrode lengths. However, lesions that did form

from multiple electrodes were fused and often transmural.

A result of choosing not to reposition the catheter is considerable variation in

electrogranrand pacing threshold changes. In general however, it can be seen that

very significant changes in electrograms and pacing thresholds occurred for a

quarter to a third of the RF applications. These changes are suggestive of lesion

formation in the corresponding trajectories.

While it is likely that when an electrode has good contact it will not require more

than 25W, there is no significant evidence that allowing the generator to deliver up

to SOW to achieve the set temperature represents a safety concern. Maximum

power delivery for Goats 54-58 was SOW. This was reduced to 25W for Goats 61

and 62. It is believed that with good contact 25W per electrode is enough power,

and that more may increase the possibility of thrombus formation.
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Coagulum adherent to the electrodes was occasionally observed but had little

relation to the power output of the generator. It is suspected that varying degrees of

contact force will affect the amount of power required to obtain a given

temperature. The amount of coagulum that did form was apparently not sufficient

to register a large, abrupt increase in impedance.

Acute adherent thrombus formation to a lesion is a common occurrence and is a

typical response to tissue damage caused by thermal heating. Lesions examined

after the animal survived for 1 week or more showed that any adherent thrombus or

endocardial disruption was no longer present.

The lesions healed well over the 4 week period, often being quite fibrotic after 2

weeks. Lesions examined at 4 weeks were completely healed and still transmural.

The correlation of the varying degree of viable myocytes on the endocardium to

electrical conduction is difficult to make.

Further, despite the fact that lesions could not always be formed when the RF

energy delivery parameters were met, the investigator did attempt to identify any

apparent trends in the change of RF energy delivery parameters and lesion

size/location in the animal studies, based on the available information. Only two

set temperatures at 45°C and 50°C were used during the studies. Lesion size and

location at four sites in the right atrium were recorded: IVC-SVC; Posterior

Septum; Anterior Atrium; and IVC-TA. The following statements could be made

regarding the energy delivery parameters and lesion size/location:

1. As the set temperature was increased from 45°C to 50°C, the RF power delivery

appeared to increase. RF power is not a RF energy delivery parameter because in a

temperature controlled system such as the Cardima's Pathfinder AFTC (Revelation

Tx) system, RF energy delivery level is titrated so a set temperature is maintained

and detected by the thermocouple on the catheter. The. variation of RF power

delivery depends on some of the known factors such as the initial set temperature,

the extent of device to tissue contact and the amount of blood flow at the site. The

increase in RF power delivery was more evident in the IVC-TA site where the

blood flow was presumably high and heat dissipation was relatively larger (from
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13.2 watts to 26.8 watts). Increase in RF power delivery was only moderate in the

other sites of the atrium where blood flow was relatively lower (within 6 watts).

2. In the IVC-TA sites, as the set temperature was increased from 45°C to 50°C (RF

power delivery was titrated), it appeared that bigger lesion sizes were obtained.

Average lesion size per electrode used was increased from 6.5 mm2 to 12.0 mm2. It

should be noted again that not all activated electrodes created lesions. In evaluating

the lesion size, the surface area of the lesion shown on the endocardial wall was

used instead of the total lesion volume. Cardima believes that the surface area of

the lesion is a better representation of the lesion size than the total lesion volume

because varying atrial wall thickness will affect the accuracy of volume calculation.

3. In the IVC-SVC sites, as the set temperature was increased from 45°C to 50°C,

average lesion size per electrode used also appeared to increase. Lesion size per

electrode used appeared to increase from 3.5 mm2 to 5.3 mm2.

4. Changes between the set temperature (RF power delivery) and the lesion

size/location were observed in the Posterior Septum and the Anterior Atrium sites.

As the set temperature was increased from 45°C to 50°C, average lesion size per

electrode used was changed from 5.6 mm2 to 4.1 mm2 in the Posterior Septum and

11.6 mm2 to 11.2 mm2 in the Anterior Atrium. These changes might be

representations of the true trends, however, they may be due to random changes

that were not controlled in the study. Cardima believes that adequate device-to-

tissue contact is an important factor in lesion formation in these sites where cardiac

muscles appeared smooth and/or pectinated. As a result, the possibility of not

forming lesions may be higher than other sites attempted in the study.

Conclusions

• Well healed, linearly fused transmural lesions can be created with the Pathfinder

AFTC catheter system.

• Multiple lesions can be created in the atria without acute or chronic complications

attributable to the Pathfinder AFTC (Revelation Tx) catheter system.

• Thrombus may form on a lesion acutely, but appears to resolve within a week.
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• Coagulum may occasionally attach to electrodes as a result of RF energy delivery.

• The amount of RF power delivered varies for a given set temperature (presumably

related to environmental conditions such as contact force and blood flow around

the electrode and thermocouple).

• Significant electrogram reductions and pacing threshold increases after RF energy

delivery are suggestive of lesion formation

April 30,2001 Confidential Volume 2 Page 41



CLINICAL REVIEW OF PMA 

DATE: 23 JUNE 2003 

SUBJECT: 

SPONSOR: CARDIMA. INC 

DEVICE: 

P020039. P020039/A1. P020039/A2 & P020039/A3 

REVELATION@ TX MICROCATHETER WITH NAVABLATOR ABLATION 
SYSTEM 

Table of Contents 

Section 1 . 0 PMA background 

1 . 1 Indications for Use 3 

1.2 Device description .................................................................................. 3 

1.3 Supportive data ...................................................................................... 4 

Section 2.0 Clinical Study Background 

2.1 Background .......................................................................................... 4 

2.2 

. .  

Summary of clinical protocol, phase Ill . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

2.3 Differences between phase llB and 111 . ....................................... 6 

Section 3.0 Study Results 

3.1 Patient Accountability and Demographic information . . . . . . . . . . . . . . . . . . . . . . . . . .  7 

3.2 Investigational sites., ...................................... . . . . . . . . . . . . . . . . . . . . . . . . . . . .  8 

3.3 General procedure data ...................................................... 19 

3.4 Ablation procedure actually performed and with what device 12 

3.5 Measurement of procedural success .................. 15 

. . . . . . . . . . . . . .  

............................. 

3.6 Baseline atrial fibrillation episode assessment . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . .  16 

3.7 ......................... 17 

3.8 Effectiveness of ablation procedure . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  17 

3.9 Investigational device system effectiveness ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  18 

3.10 Antiarrhythmic drugs (AAD) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  18 

. . . . . . .  Compliance with event recording at the 6Ih month 



3.11 

3.12 

3.13 

Patients reported to have zero episodes at 6 months ... ... ,,. ... ... .._ ._. ... ._.. ..._ ._. 19 

..20 AV node ablations and surgical Maze procedures . . . . , . . . 

Protocol deviations . , . . . . . . . . . . . . . , . . . . . . . . . . . . . . . . . . . . 

3.14 Quality of life results ....................................... ..21 

3.15 

4.0 

5.0 

Adverse events. .. .. . . .. . 

Conclusions. .. . . . . . . . . . . . , . . . . . . . . . .. . . . . . . . . . . . . . . 

Recommendations.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

.. ._. ... ... .._ ... ... _.. ... ... ... ... ... .... _.. _.. _.. ..23 

. . . . . . . . . . . . . . . . . . . . . . . . . . . .24 

26 

Figure 1. Patient accountability ... . .. ... ... ... .. . . _ _  _ .  . . _ _  _ .  . . . _  _ _ .  . . . . _ _ . _  . _ .  . . _  _ _ .  _ ._ .  11 

Figure 2. Investigational device system evaluation.. . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . I 2  

Appendix.. . , , . . . , . . . . , . . , , . , , . . , , . . , . , . , . . , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .27-62 

Table 1 .  30-day baseline transmission by patient .......... ... ... ... ... ... ... ... ... ... ... .. . .. . ... ... ... 27 

Table 2. Patient Data .... .. ... ... ... ... ... ... ... ... ... ... ... ... ... .... ... .. . ... ... ... .. . ... ... ... ... ... ... ... .... 30 

Table 3. Listing of Study Subjects who had pacemaker implants during the course of the 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ........................... 34 

Table 4. Patient with pacemaker implantation prior to the Ij th month primary effectiveness 
endpoint assessment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .36 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . , . . , . , , . , . , . , .37 

Table 5. Patient identification for categories of Figure 1 ... ... . . .  . . .  .. . . .  . . .  . . .  . . .  . . .  ... . . .  . . .  ... . . . .  62 

Table A-1 9 Patient tracking data 

__ 
2 



Section 1.0 PMA background 
1.1 INDICATIONS FOR USE: "The Cardimat3 Inc.. REVELATION@ Tx Microcatheter with 
NavAblator RF Ablation System is indicated for treatment of Atrial Fibrillation in patients with drug 
refractory paroxysmal atrial fibrillation by mapping, pacing and ablating with a compatible 
radiofrequency generator, creating a set of continuous linear lesions along the lateral and septal 
walls and along the isthmus in the right atrium. 

The REVELATION" Tx is intended for the creation of continuous linear lesions for the 
purpose of interrupting arrhythmia pathways. The NavAblator" is intended for the creation of 
lesions at the isthmus for the purpose of interrupting arrhythmia pathways when the 
REVELATION Tx is not used to complete the isthmus region." 

1.2 DEVICE DESCRIPTION: 
The device is an ablation system composed of: 

The Naviport Guiding catheter 

The Revelation@ Tx. micro radiofrequency ablation catheter 
The NavAblatorTM. a standard 8F radiofrequency ablation catheter 

The REVELATION@ TX is a single use, steerable, multi-electrode ablation microcatheter 
(3.7F) with a flexible non-electrically active platinum coil tip. It has eight electrodes and eight 
thermocouples in a linear array near the distal end of the catheter. The ablation electrodes are 
6mm in length. Radiofrequency energy is applied to each electrode individually. The catheter is 
meant to produce thin linear radiofrequency ablation lines. It is intended to be used with a 
deflectable guiding catheter (Naviport) to properly position the distal tip. 

The NavAblatorTM is an 8F single use radiofrequency ablation catheter with four electrodes. 
The distal electrode is a 4mm ablation electrode with a thermocouple sensor. The sponsor states 
that "The NavAblator is intended for the creation of lesions (either linear or focal) from its tip when 
diverse myocardial anatomy requires the features of a "hot tip" ablation catheter to achieve 
effective lesions." (Volume 7, page ii) 

The Naviport Guiding catheter is a deflectable guiding catheter in French sizes 8F to 11F 
designed to facilitate proper positioning of the Revelation Tx. It has two lumens, one for the 
device and the other a closed pull wire lumen. The Naviport has been cleared under a 510(k). 

The ablation system requires a RF generator. The sponsor does not produce a generator 
and so will be recommending that a RF generator with compatible parameters be used. The RF 
generators used in the clinical study were the Radionics RFG-3E and IBI 1500T. 

1.3 SUPPORTIVE DATA 
From pre-clinical studies summary (animal studies not reviewed by this reviewer): 
Volume 7, page iv "the Revelation Tx was capable of creating continuous, linear transmural 
lesions. that a continuous lesion can be formed from sequential electrode ablations; that a set 
temperature of 50-55" C at 35W maximum power output were the best procedural parameters for 
minimal coagulum formation and optimal lesion formation. These studies also demonstrated that 
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a low pre-ablation pacing threshold was an indicator of good tissue contact and that a large 
increase in the pacing threshold was a good indicator that lesions had been formed." 

Section 2 Clinical study background 

2. I BACKGROUND 

arm study. The study was conducted in three phases with three different study endpoints and 
study protocols. These phases were Feasibility or phase Ila (n=10 pts). Expanded Feasibility or 
phase Ilb (n=38 pts) and Pivotal or phase 111 (n=82 pts). The pivotal phase is ongoing. There were 
3, 15, and 20 sites involved respectively. 

The study began in December 1997. It is a multi-center, prospective, non-randomized single 

The major difference between phase Ilb and phase 111 was the addition of the NavAblator 
ablation catheter to the study. In many FDAcorrespondences and meetings with Cardima it was 
communicated that the use of a non-protocol device to complete the ablation procedure would be 
interpreted as a failure of the investigational device. Cardima had found in phase Ilb that in some 
cases the Revelation Tx microcatheter was not effective in creating the tricuspid isthmus ablation 
lesion and investigators were using non-protocol ablation catheters to complete the ablation 
procedure. Cardima added their own 4mm ablation catheter to the investigational protocol in 
order to have a device system that could complete the ablation procedure. 

2 .2  SUMMARY OF CLINICAL PROTOCOL, PHASE 111 PIVOTAL 
Procedural endpoint: Electrogram amplitudes post-ablation relative to pre-ablation 

Procedural success: "The procedural effectiveness of the RevelationTM Tx will be established 
based on achieving the following outcome: 

demonstration of at least one of the following conditions at the line(s) of ablation during 
sinus rhythm: a) reduction in the amplitude, fragmentation or widening of local 
electrograms; b) appearance of split potentials; or, c) increase in pacing threshold." 

The measurement of pacing thresholds was eliminated between Phase Ilb and 111 due to the 
greatly increased fluoroscopy time required, 

Primary effectiveness endpoint: Reduction in frequency of symptomatic episodes during the 
month of follow-up compared to the baseline frequency while "either maintained on the same anti- 
arrhythmic drug regimen or a reduced dosage." If subjects had 2 5 episodes in the 30 day 
screening period they were required to have a reduction of 50% or more to be called a success. 
If there were 3-4 episodes during the baseline period, a reduction of 75% was required to be 
called a success. 

Section 4.2 of the protocol states that "Subjects electing to receive implantable pacemakers prior 
to the six month follow-up will be considered failures." 

Secondarv effectiveness endpoint: improvement in the quality of life measured by SF-36 and the 
Atrial Fibrillation Severity Scale (AFSS) compared to baseline 

Safety endpoint: The safety endpoint was listed as incidence of complications; major 
complications in the first 7 days post ablation and adverse events in the 24 months follow-up 
period. No threshold was included in the protocol. 

Inclusion criteria 
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. 
Documented symptomatic paroxysmal atrial fibrillation (a fib) refractory to at least two anti-arrhythmic drugs (if 
amicdarone is used first. patient may be refractory to amicdarone alone and entered into the study) 
Frequent, 3 or more, symptomatic episodes during the 30day baseline period 
Behveen 21 and 80 years 
Informed consent and can follow protowi 
Normal sinus mythm at lhe time of the procedure or can be converted 

Exclusion criteria . Preonancv 

. . . 

I ~ ~, ~~ 

Prior acute ablation failure within 2 months 
AMI within 6 weeks 
Contraindication or unable to comply with long-ten anticoagulation therapy 
Valvular disease, aneurysm or LVH with NYHA Class 111 or IV 
Known or suspected coagulopathy or bleeding diathesis 
CVA or TIA within 6 months 
lntrazardiac thrombus 
Echocardiographic PFO or ASD 
LA dimension > 5 an 

Baseline observation period 

Each patient was given an event recorder for the 30 day baseline period. They were 
instructed to carry the event recorder with them and record whenever they had symptoms of atrial 
fibrillation. The patients were also required to transmit weekly even if they were not symptomatic. 
To be considered for ablation in the study the patient must transmit a minimum of three episodes 
of a fib in the baseline period. Patients were not told the number of episodes required to be 
considered for ablation but they were aware that a certain threshold needed to be reached in 
order to be considered for ablation with the investigational device. 

Patients who fail the initial screening are allowed to rescreen. They are then required to have 
9 total episodes in 90 days, which would average to be 3 per month. The re-screening period is 
60 additional days. 

Baseline testinq: history and physical, PT/PTT & INR, "stress test". ECG and QOL 
questionnaires. These questionnaires are the SF-36 and the Atrial Fibrillation Severity Scale 
(AFSS). TEE was to be performed within 48 hours of the ablation procedure. 

Procedure 

During procedure all patients are heparinized with ACT maintained at 200 - 300 seconds 

Before ablation the investigator is to record bipolar electrical signals to determine good tissue 
contact. "In general, sharp electrograms with high frequency components and large relative 
amplitudes indicate good contact." Then pacing thresholds are to be measured while patient is in 
sinus rhythm. "In general, unless the electrodes are in the superior or inferior vena cava, pacing 
thresholds of less than 5.0 mA indicate adequate tissue contact of both electrodes in the pair." 

A pacing protocol is provided to locate the position of the phrenic nerve. 

From protocol "Apply RF along three trajectories (posterolateral, posteroseptal and along the 
isthmus) a fourth trajectory (anterior) may be included at the option of the investigator." All three 
linear lesions are to be produced with the Revelation Tx. "The NavAblator catheter is optionally 
available for ablation of the isthmus only after first attempting to create a linear burn with the 
Revelation Tx." The protocol also states that "conduction block may be verified using coronary 



sinus pacing while recording with a multipolar catheter deployed in the right atrium." And the 
protocol goes on to state "If bi-directional conduction block cannot be obtained with the above 
procedure, the physician should complete the isthmus trajectory using standard institutional 
procedures." 

The RF energy is delivered to one of the eight electrodes at a time, 

The investigator was instructed to measure bipolar electrograms and pacing tbresholds "to 
assess changes that have occurred as a result of the RF energy application." 

Follow-UD 

Stress Test (masters step or treadmill) 1 x 1  

I Quality of Life Questionnaires I 1 x 1  X 
The 24 month follow-up was by telephone. 

Per investigational protocol, "Weekly event monitor transmissions are compulsory during month 
one, month three and month six, even if the subject does not experience symptomatic episodes." 

The Quality of Life questionnaires were administered by the study coordinator for each site. 
They were given to the patients and were usually completed at that visit. Some patients took the 
forms home to fill out. If the forms were not returned the coordinator completed the form for the 
patient in a telephone interview. 

2.3 DIFFERENCES BETWEEN PHASE llB AND PHASE 111 

protocol included: 

o 

Differences between the Expanded Feasibility phase (Ilb) protocol and the Pivotal phase (Ill) 

Phase 111 added the NavAblator catheter to complete the linear lesion set dictated by 
the protocol 

The requirement to measure pacing thresholds pre and post ablation was removed 
for Phase 111. The protocol does not mention measurement of bi-directional block but 
on page 73 of the submission it states "It must be noted that bi-directional block is the 
primary indicator of procedural success for the isthmus line". 

Stress test specified in phase Ilb was Masters step. Phase 111 allowed substitution of 
treadmill stress. 

Holter monitor removed from the protocol between Phase Ilb and Phase 111. 

o 

o 

o 
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o The age limit for Phase 111 was increased to 80 years from 75 years 

Atrial Flutter 

Section 3 Study results 
3.1 PATIENT ACCOUNTABILITY AND DEMOGRAPHIC INFORMATION 

120 patients who have undergone the linear ablation procedure of the Expanded Feasibility 
and Pivotal phases make up the data meant to support the market application. There is verified 
baseline data on 116 patients who make up the denominator for the safety analysis. 95 have 
completed a minimum of 6 months follow-up, were lost to follow-up or had another treatment for 
atrial fibrillation. 

After enrotlment, before ablation, the patients are monitored for 30 days and must have at 
least three documented symptomatic atrial fibrillation (AF) episodes within the monitoring period 
to be considered for the ablation procedure. There were 5 patients' whose screening rhythm strip 
diagnoses were disputed when reviewed by cardiologists but they had already been ablated at 
that point. Their data is not included in the FDA chronic effectiveness analysis but is included in 
the safety assessment. 

The FDA used the data on the 88 patients who had unambiguous baseline episode data and 
either 6 month follow-up data left the study because of failure to improve or who had received 
another treatment for atrial fibrillation as the basis for effectiveness analysis. Table 2 in the 
appendix to this review shows the details for these patients as well as the baseline data on the 21 
patients who had not yet reached the 6 month follow-up period. The numbers reported by the 
sponsor are different because they have included the 5 patients with ambiguous baseline episode 
results and have designated some patients as "withdrawn" when they leave the study after 
receiving another treatment, such as atrioventricular node ablation (AVN), for atrial fibrillation. 

61 have at least 12 months follow-up and 30 have 24 months follow-up 

3/120 patients had a second ablation procedure with the Revelation Tx. Those three patients 
were all enrolled in Phase Ilb. 

Ages/sex: 
89/116 male, 76.7% 
23/95 female, 24.2 
Overall mean age 56.9 5 10.9 

ages of men 27.6 to 78.3, mean was 55.7 i 10.6 years 
age range of women 27.9 to 77, mean was 60 + 11.2 years 

72.4% of the patients had concomitant heart disease 

The sinus node function of patients at baseline is not characterized. 
8 patients had a pre-existing pacemaker prior to enrolling in the study.^ 

Ablation procedure prior to the Cardima linear ablation procedure: 

identified by the sponsor as having six month follow-up data had had a prior ablation. 
Total of 33/116 patients with acute data had had a prior ablation and 22 of the 87 patients 

15/87 (17.2%) 

* IIb         , IIb         ,111       ,111           111          
*. IIb          111         , I11         ,111         ,11           ,11            111          111          
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Atrial Fibrillation 3/87 (3.4%) 

29/87 had a history of atrial flutter and 15 patients had had an ablation procedure for 
atrial flutter prior to the linear ablation procedure. 

SVT 

3.2 INVESTIGATIONAL SITES 

2/87 (2.3%) 

There were 18 sites that enrolled and performed ablation on the 120 patients included in 
phases Ilb and Ill. There were 7 sites that had patients in both phases, two sites that only had 
patients in phase llB and 9 sites that had patients only in phase Ill. Two of the 9 phase 111 only 
sites do not have any patients that have completed 6 months follow-up. 

The 88-patient cohort for long term effectiveness of the device system was studied at 16 
clinical sites. There are five sites with greater than 10 patients ablated and 10 sites with 5 or less. 

Atrial Tachycardia 2/87 (2.3%) 

8 

19 1 Sequoia Hospital 4 4  3 
21 1 Access Clinical Trials 5 4  0 
23 I Regional Cardiology Associates I 6 4  0 



3.3 GENERAL PROCEDURE DATA 

Procedural time 100 I 755 I 220 

REVELATION" TI Microcatheter System Catheterization 
and Fluoroscopy Times (minutes) (n=116-118 ") 

Total Time 

250 ? 123 

Indicates the range of sample sues for each of the three individual time measurements 

62/111 (55.9%) procedures were performed with conscious sedation 
43/111 (38.7%) procedures were performed with general anesthesia including intubation 
6/111 (5.4%) procedures were performed with general anesthesia without intubation 

67/118 (55.9%) procedures the patient was in sinus rhythm 
3411 18 (28.8%) procedures the patient was in atrial fibrillation 
The sponsor reports 22 procedures in which there were catheter performance problems, 3 
procedures in which there were problems with the Tx Select Switchbox. and three procedures in 
which there were problems with the NavAblator catheter.. 
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3.4 ABLATION PROCEDURE ACTUALLY PERFORMED AND WITH WHAT DEVICE: 

patients received all these lesions. The locations of the lesions were: postero-lateral (A), septal 
(6). tricuspid isthmus (C) and anterior (D). 

The study protocol directs the individual investigators to "ApplyRF dong three (3) trajectories 
(posterolateral, posteroseptal and dong the isthmus) a fourth trajectory (anterior) may be included at 
the option of the investigator." And from the protocol "The NavAblatorTM catheter is optionally 
available for ablation of the isthmus only after fitst attempting to create a linear bum with the 
REVELATION Tx." 

Three or four linear lesions in the right atrium were part of the ablation protocol, but not all 

Lesion lines 
ABC (standard) 

AB 
ACD 
AC 

ABCD 
BC 

BCD 
Total 

The indication for use statement is "The Cardima@ Inc., REVELATION@ Tx Microcatheter 
with NavAblator RF Ablation System is indicated for treatment of Atrial Fibrillation in patients with 
drug refractory paroxysmal atrial fibrillation by mapping, pacing and ablating with a compatible 
radiofrequency generator, creating a set of continuous linear lesions along the lateral and septal 
walls and along the isthmus in the right atrium." 

Number of patients % 
- 95 82.6 
- 7 6.1 
- 6 5.2 

2 1.7 
- 3 2.56 
- 1 0.8 
- 1 10.8 

115 100 

The Revelation Tx catheter was used to create all lesions A, B and D. 

Six of the seven patients who received lesion set AB (no tricuspid isthmus lesion) had had a 
prior radiofrequency ablation procedure to treat atrial flutter. The result of the ablation procedure 
in those patients could therefore be considered to be a standard Cardima linear lesion procedure 
(lateral, septal, tricuspid isthmus linear lesions). 



The tricuspid isthmus lesion (C) was not able to be created with the Revelation Tx in all 
patients. The Revelation Tx was not even attempted for the isthmus lesion in 771108 or 71.3% of 
the patients who had an isthmus lesion. The NavAblator catheter was added to the study in 
phase Ill to allow a Cardima catheter to be more able to complete all the required lesions of the 
procedure. 

The table below lists the catheters used to create the cavotricuspid isthmus lesion. The data 
in this table is taken from Table A-19, reproduced in the appendix to this memo, page 36. There 
are two rows in the table (Revelation Tx, other and NavAblator. other) that list the procedures in 
which tne Cardima catheter failed to achieve the desired result and another ablation catheter was 
used (commercially available but used off label). 

Catheters used to make lesion C (cavotricuspid isthmus) 
(numbers derived from Table A-19) 

"Other" catheters used were: Blazer (n = 18). Navistar (n = 8), Marinr (n = 6), Chilli (n = 3), and 
the Stinger (n = 3) for a total of 38 

Successful Bi-Directional (BD) Conduction Block at Isthmus by Catheter 
(from Table 24, sponsor's panel pack memo page 45) 

Bidirectional block 

NavAblator, Other 
REVELATION Tx, NavAblator 
Isthmus line not ablated 
Total 89/106 83.9 

Only 31/115 (27.8%) patients had the ablation procedure performed as per protocol, that is, 
performing the septal, lateral and tricuspid isthmus lesions with the Revelation Tx initially then 
moving to another catheter if the isthmus lesion was not able to be performed successfully. If the 
patients who had only septal and lateral linear lesions are added to this total it could be said that 
39/115 (33.9%) had a per protocol ablation procedure or a standard Cardima lesion set. This 
number includes the patients who had a non-investigational catheter used for the tricuspid 
isthmus lesion. 
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The NavAblator catheter was exclusively used to produce a linear lesion at the tricuspid isthmus. 
The NavAblator was used in 59 of the 116 patients or 50.8%. It was used first or primarily in 57 
patients and then in another two afler the Revelation Tx had failed to produce bidirectional block. 
The success of the NavAblator ablation catheter in producing bidirectional block at the tricuspid 
isthmus was 51/59 or 86%. 

The success of the non-investigational catheters was 19/19 or 100% when used alone 
and when used afler unsuccessful use of either the Revelation Tx or the NavAblator was 17/21 or 
81% in those procedures. The success of the total use of the non-investigational catheters was 
36/40 or 90%. Four of the five non-investigational catheters used in this study are "standard" 
ablation catheters with a 4 or 5mm tip ablation electrode. One catheter, the Chilli ablation 
catheter, is a cooled tip ablation catheter which has been shown to produce larger ablation 
lesions than a "standard ablation catheter. The Chilli catheter was used alone to produce a 
lesion at the tricuspid isthmus in two procedures and afler a NavAblator catheter had failed to 
produce a satisfactory lesion in one procedure. 

The non-investigational catheters were used as the only catheter to attempt an isthmus 
lesion in 12/33 (36.4%) of patients in Phase Ilb and in 8/75 (10.7%) patients in Phase 111. The 
latest date that a patient had an isthmus lesion created only with a non-investigational catheter 
(without following the protocol mandate of trying first with the Revelation Tx and then the 
NavAblator) was 8/14/02. There is no information in the PMA as to why physicians used non- 
investigational catheters for these patients without trying the investigational device as was 
directed by the protocol. 

Cardima has provided the results of feedback from the physicians using the NavAblator, 
in the table below. The catheter performance was rated fair or poor by some investigators in 6/8 
characteristics. 

vety 
Good Excellent 

Table 20 page 38 Catrlima panel pack materials 
Investigator's Performance Evaluation of the NavAhlatorTM ( n 4 3 - 6 7 )  

Rating ( O h )  

Average Fair Poor 
Characteristics 

n49. 

~ 
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Lesion 
Location 

1 Postero-seutal 1 54 1 1.18 1 0.61 1 12.8% 1 0.73 1 -2.82 1 0.92 1 

# Pro- Mean Mean Mean% 
cedures PH Post Reduction SD Min” max 

Postero-lateral I 55 
Isthmus 0.67 1 0.49 1 4.6% 1 0.81 1 -2.20 1 0.70 1 0.46 1 0.34 I 35.1% I 0.33 1 -0.02 1 0.58 k t : ’  Anterior 

*Minimum mean amplitude reduction 

1.15 I 0.94 1 15.0% 1 0.71 1 -4.00 1 0.86 

The mean % reduction does not reach the 50% goal. 
Because the measurement of acute procedural success was incompletely reported there 

is no assurance that all the investigators used the same method to determine procedural success 
or to determine if the ablation lesion had been successfully produced. It is possible that the 
procedure performed by different investigators was slightly or substantially different from each 
other. 

The sponsor states “In conclusion, sufficient data to demonstrate either success or 
failure for the procedural endpoint are not available” in their section 8.7, page 48. 

~ 
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3. 6 BASELINE ATRIAL FIBRILLATION EPISODE ASSESSMENT 
The patients knew that a certain number of symptomatic atrial fibrillation episodes would 

be required in the 30 days baseline period to be considered for radiofrequency ablation using the 
investigational device. They were not told the exact number required. They were given a 
transtelephonic monitor (TTM) and told to record whenever they had symptoms that they thought 
were atrial fibrillation. There were 5 patients who had the ablation procedure who had been re- 
screened. 

Transmissions were evaluated to determine if they were actually atrial fibralation. The 
percentage of actual atrial fibrillation episodes per patient ranged from 12.9 to 100%. The full 
results of the baseline transmissions for 87 patients are in Table 1 of t          pen          this       ew 
Table 1 includes the 5 patients who had ambiguous baseline data; llB           llB           111         111 
         111           

Baseline number of symptomatic atrial fibrillation episodes 
In 106 patients 

(Patients with ambiguous baseline event numbers are excluded) 

Number of episodes Number of patients 
5 5  41 

6 -10 38 
11-15 11 

% of total 
38.7 
35.9 
in  A 

Number of episodes Number of patients 
5 5  41 

6 -10 38 
11-15 11 

Baseline Transmissions 

% of total 
38.7 
35.9 
10.4 

0 0-10 10- 20- 30- 40- 50- 60- 70- 80- 90- 100 

Percentage of Transnissions Synptonratic ff 

19 29 39 49 59 69 79 89 99 

16-20 7 
21-25 2 
26-30 3 
31-35 2 
36-40 0 
41-45 1 

16 

6.6 
1.9 
2.8 
1.9 

n s  



The sponsor acknowledged that there was no attempt to determine if the transmissions 
represented discrete events. The FDA believes that it is possible that one atrial fibrillation episode 
could have triggered more than one transmission in some patients while in other patients they 
recognized that they were meant to transmit once per episode. 

0 1 2 

22 5 17 

Transmission 
number 

Number of 
patients 

3.7 COMPLIANCE WITH EVENT RECORDING AT THE 6M MONTH 

when they occur and mandatory weekly transmissions in the 6'h month even if there are no 
symptoms. 

patients. 22 patients did not transmit any transmissions in the 6th month follow up period, which 
includes one of the 5 patients who had ambiguous baseline data ( I l l  517). At least 2 patients are 
known to have lost the monitor or to have a non-functioning monitor. There is no explanation in 
the PMA submission for the reason for non compliance in the remainder of the patients who did 
not transmit. There also is no description of methods attempted to improve the non-compliance. 

The investigational protocol states that patients are to transmit symptomacc episodes 

The sponsor has submitted detailed 6'h month post-procedure transmission data on 83 

3 4 >4 

9 16 14 

A total of 53/83 (63.9%) patients had poor compliance with the primary effectiveness 
assessment method. 

3 . 8  EFFECTIVENESS OF THE ABLATION PROCEDURE 

42/88 (47.7%) patients reached the primary effectiveness endpoint of a % decrease in 
symptomatic atrial fibrillation episodes in the 6'h month compared to the baseline measurement 
on the same antiarrhythmic regimen or reduced dosage. 

The reasons for the 46 patients to have failed the primary endpoint are: 
8 patients had an AV node ablation prior to 6 months 
5 patients had a pacemaker implantation prior to 6 months 
1 patient withdrew due to failure to improve 
9 patients did not have sufficient episode reduction 
21 patient did have episode reduction but with new antiarrhythmic 
medications or an increased dose 
2 patients had both an increase in the AAD and an insufficient decrease in 
atrial fibrillation episodes 

The sponsor presents total number of events at baseline and at 6 months in addition to the 
number of patients that they believe to have reached the effectiveness endpoint. The FDA does 
not consider it valid to group the patients together and measure change in episode frequency of 
the entire patient population as there is so much variability in number of episodes. The FDA has 
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used the protocol definition of success for determining the numbers of patients reaching the 
primary effectiveness endpoint. 

Per section 4.2 of the protocol “Note that for the purpose of estimating the overall success 
rate for the six month interval, subjects electing to receive implantable pacemakers prior to the 
sixth month follow-up will be considered failures.” 

The FDA agrees with the investigational protocol classifying the patients with pacemaker 
implantation during the study as failures because atrial pacing may influence the timing or 
presence of symptomatic episodes and ventricular pacing (WI or WIR) has been shown in 
several studies to worsen atrial fibrillation. Therefore any type of pacing could confound the 
measurement of the effect of the investigational device system. 

The data from which the determination of whether or not the individual patient reached 
the primary effectiveness endpoint can be found in Tables 2 and 19 in the appendix to this review 
memo. 

3.9 INVESTIGATIONAL DEVICE SYSTEM EFFECTIVENESS 

were 24 patients in  whom the investigational device system was a success. 
Of the 42 patients who successfully reached the primary effectiveness endpoint, there 

There were 18 patients that had failure of the device system to reach the primary 
endpoint due to 1) 7 patients in whom the investigational catheter was unable to complete the 
isthmus lesion and a non-protocol catheter was required to complete the ablation procedure and 
2) 11 patients in whom only non-protocol catheters were used for the isthmus lesion. Details are 
shown in Table 2 in the appendix to this review. 

Therefore, in 24/88 or 27% (18.3%, 37.1%) patients the investigational device 
system was effective in reaching the primary effectiveness endpoint. 

3.10 ANTIARRHYTHMIC DRUGS (AAD) 
There is information on medications at six months follow up on 82 patients in the PMA. 

There were 22 patients on amiodarone at baseline and 18 patients at six months. Amiodarone 
was added to the AAD regimen of 6 patients by six months and removed in 10 patients. 
There were 14 patients on no AAD or only beta-blocker, calcium channel blocker or digoxin at 6 
months. Of those 14 patients at baseline 6 were either on none, beta-blocker, calcium channel 
blocker or digoxin. 

The sponsor reports 21 patients (including Ilb 1004, one of the 5 patients with 
ambiguous baseline event numbers) who had increase in AAD from baseline to the 6‘h month 
fol         p. This reviewer found one of those 21 to have a change instead of an increase in patient 
Ilb         who was taken off amiodarone and put on sotalol. Patient Ilb        was then considered a 
su        s of the procedure at six months but went on to have an AV no       blation at one year post 
ablation. This reviewer also changed patient Ilb        to a six month success as the increase in 
AAD was because of the addition of atenolol. 

This reviewer found an          onal 7 patients to have increases in AAD: 
Ilb           propafenone dose increased from 300mg/day to 600mglday 
lib          - amiodarone added 
111           amiodarone added 
111          - amiodarone dosage increased 
Ill          - amiodarone added 
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11            -amiodarone added 
11            - amiodarone added 

These 26 patients who had their AAD regimen increased are all considered failures in terms of 
the primary effectiveness           int per the investigational protocol. The patient with ambiguous 
baseline episode data (Ilb         ) is not included in the effectiveness results reported in this 
memo 

MEDlCATlONlS 

None (or just digoxin) 
Propafenone. Veraparnil 
Sotalol 
Propafenone 
Amiodarone 

3.11 PATIENTS REPORTED TO HAVE ZERO A FIB EPISODES AT SIX MONTHS 
There were 43 patients reported to have no atrial fibrillation episodes in the 6th month post lineal 
ablation procedure. 12 had poor compliance with the ECG transmission requirement of the 
protocol at six months. 

Antiarrhvthmic medications for the 43 patients 

NUMBER OF 
PATIENTS 

4 
1 
8 
4 
7 

Dofetiiide, arniodarone 

Flecainide 
Pro afenone, atenolol 
Flecainide, atenoloi 
Amiodarone. di oxin 
Dofetilide 

1 
Diltiazem 

Of the total 8 patients that were on amiodarone 7 had had amiodarone added or the dose 
increased by the 6Ih month post ablation. There were 4 patients in this group who had been 
taken off arniodarone. 

3 

In this group is also: 
P 
P 

P 
9 

1 patient that had a surgical Maze procedure after the 6'h month 
2 patients who had an AV node ablation, one at three months and the other 1 
year post RFA 
1 patient who had a DDDR pacer implanted at three months post RFA 
1 patient who had implantation of an atrial defibrillator at 1.5 years post RFA 

Metoprolol or atenoiol 

The absence of transmitted episodes at 6 months does not translate to not requiring 
antiarrhythmic medications or a more invasive procedure. 

3 

- 
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3.12 AV NODE ABLATIONS AND SURGICAL MAZE PROCEDURES POST ABLATION 
PROCEDURE 

Patient 

Il          

Il          

Il          

Il          

11          

111          

Ill          

111          

Ill          

111          

3/23/99 

5/27/99 

4/30/99 

6/3/99 

11/28/01 

7/16/01 

4/5/01 

7/19/01 

12/13/01 

2/14/02 

Patients with AV node ablation post RFA 

5/3/99 

6/9/00 

10/13/99 

10/6/99 

4/5/02 

11/5/01 

1 2/12/01 

1/3/02 

6/21/02 

3/28/02 or 
5/6/02 

Patient requested 

AV block started more than one year post RFA 
due to AAD 

AV node ablation for rapid ventricular response 

AV node ablation for rapid ventricular response 

Pacemaker implanted prior to RFA. 1996. Had 
AV node ablation for persistent atrial fibrillation 

Insurance change and therefore new physician 

AV node ablation 8 months post RFA 

Pacemaker implanted for bradycardia, AV node 
ablation performed prior to PPM 

AV node ablation for worsening of CHF and AF 
Had sufficient episode reduction at 6 months 

for success 

Persistent atrial fibrillation 

At or 
before 6 
months 

Yes 

No 

Yes 

Yes 

Yes 

Yes 

No 

Yes 

Yes 

Yes 

11.4% (10/88) of the study patients had an AV node ablation procedure after the linear 
ablation procedure. 8/10 had the AV node ablation at or before the 6 month follow-up period. 

Two patients had a      gical Maze procedure after having a linear ablation procedure: 
D 
D 

lib        -surgical Maze 14 months post RFA 
Ilb        -surgical Maze 6 months post RFA 

3.13 PROTOCOL DEVIATIONS 
There were 56 protocol deviations identified by the sponsor which mainly consist of 

laboratory/assessments not performed. There were an additional 20 "Allowable Deviations". It 
appears that these were "allowable" because of some patient condition. But included in this list 
are three patient not in sinus rhythm at time of the procedure. The submission states that the 
patients went back into atrial fibrillation after cardioversion. These patients would not be 
classified as having paroxysmal atrial fibrillation if they were not able to be cardioverted. Also it is 
unclear how the acute procedural endpoint of these patients was determined. 

~ 
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The majority of patients did not have the actual ablation procedure performed as per 
protocol. Only 39 patients had the ablation procedure performed as per protocol. that is, 
performing the septal, lateral and tricuspid isthmus lesions with the Revelation Tx initially then 
moving to another catheter if the isthmus lesion was not able to be performed successfully. 

3.14 QUALITY OF LIFE (QOL) QUESTIONNAIRE RESULTS 

portions of the questionnaires were not completed. There are 83 patients who have results for 
both baseline and the sth month post-procedure. The results submitted by the sponsor include 
the QOL questionnaire data from 4 ?;the 8 patients who had an AV node ablation afler the linear 
ablation procedure and before the 6 month assessment period. 

Not all patients completed questionnaires both at baseline and in the 6Ih month and some 

SF-36 (scale goes from 0 to 100, with higher numbers better) 
The baseline mean scores for all 8 domains of this instrument were lower than the norm 

Baseline SF-36 scores 

- 
R ole physical 80.9 i 34 
Role emotional 81.3 f 33 
Bodily pain 75.2 + 23.7 
General health 71.9 *2[ 
Vitality 60.9 f 21 
Social functioning 
Mental health 
+5 patients did not complete the questionnaire at ba! 

83.3 i22.7 
~~ ~ 

64.8 +4.2 
69.0 +2.5 
60.7 i2.3 
44.5 i2.3 
70.7 +2.8 
73.0 * 1.9 

~~ 

74.7 * 18.1 
seline and not all patients answered all 

questions 

Atrial Floriilalion Severity Scale (AFSS) 
This is a d sease specif c qLality of life sca e The sponsor has cnanged tne or glnal ranges of lnc 
three portions of the scale (frequency at 11 points, duration at 8 points and severity at 10 points) 
to 100 point scales to make them similar to the SF-36 scales. 100 is the best possible and 0 the 
worst. They report the total AFSS score as the sum of the original three scale values transformed 
to a 100 point scale value. 

From Table 36, page 63 Cardima panel pack memo 
Baseline and Follow Up AFSS and Component Scores’ 

Baseline (n=67-7ae) I Six Month (n=68-7ge) Score 
Mean I SE SE 

p<0.05 by paired t-test 
e Indicates the range of response sample sizes for each of the four domains. 

__ 
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Quality of life questionnaires are a relatively recent addition to clinical trials for atrial 
fibrillation. Gerstenfeld’ et al has reported a single center study (copy of article follows this 
review memo in panel materials) in which 71 patients underwent electrophysiologic mapping and 
if mapping criteria were met also underwent a left atrial ablation procedure. These patients were 
given questionnaires one month before and 6 months after the procedure. Patients who only had 
the mapping procedure improved in only one QOL score. The patients who had the ablation 
procedure but who subsequently had recurrence of their atrial fibrillation improved significantly in 
all QOL measures. The patients who had a long term successful ablation procedure also 
improved in all QOL measures. The patients with long term sinus rhythm had greater 
improvement in two of the six QOL scores measured in that study. 

The FDA has concerns about interpreting QOL results in patients who are unblinded 
especially in studies that do not have a control group. It is impossible to determine the extent of 
placebo effect in improving perception of symptoms without the patient being blinded to 
procedure. 

Table 38, from Cardima panel pack memo 
Six Month SF-36 and AFSS Clinically Significant Improvement 

(increase by 10+ points) 

Role Emotional 
Bodily Pain 
General Health 

Measurement Scale 

26/78 (33.3) 
37/81 (45.7) 
28/79 (35.41 

Physical Functioning I 29/76 (38.2) 
Role Physical 1 35/80 (43.8) 

Vitality 
Social Functioning 
Mental Health 

45/80 (56.3) 
39/80 (48.8) 
23/80 (28.8) 

Six Month SF-36 and AFSS Clinically Significant Decline 
(decrease by 10+ points) by Baseline Episode Frequency (freqh, %) 

I Measurement Scale I Total I 

Bodilv Pain 7 ~ 7 4  77 n 

I Gerstenfeld EP, Guerra P, Sparks PB, Hatton K, Lesh hm “Chical  Outcome after Radiofrequency 
Catheter Ablation of Focal htnal Fihnllation l’nggcrs” J Cardowsc Elcctrophysiol 12900-908, A u p t  2001 

~ 
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General Health 24/72,33.3 

3.15 ADVERSE EVENTS 
There were 5 patients out of 116, or 4.3% (1.7%, 9.4%) who had definite major adverse 

events according to the protocol definition. In addition there were 3 patients that required 
implantation of permanent pacemaker shortly afler the procedure, two within one or two days of 
the procedure and the fourth in less than two weeks of the procedure. It is very difficult to 
determine the influence of the procedure on the need for the pacemaker. If the 3 patients who 
received a pacemaker implantation shortly afler the procedure are determined to be adverse 
events, the adverse event rate would be 8/116, or 6.9% (3.0%. 13.0%). 

There were a total of 20 patients who had a pacemaker implanted during the course of 
the study, nine of whom also had an AV node ablation. There were 7 pacemakers implanted 
within 6 months of the procedure (7/88 or 8%), 5 within days of the procedure and two are 
identified as adverse events in the table below. 

Vitality 

Patient 

111     

53~08 no 
EtTUCNrd heart 

disease 

11          

nl echo 

111          
5     

hx 

6           

11/73, 15.1 

and breast 
CA 

~ 

Social Functioning 14/73, 19.2 
Mental Health 14/73. 19.2 
AFSS 
Episode Frequency 9/63, 14.3 
Episode Duration 10/60, 16.7 
Episode Severity 13/68, 19.1 
AFSS Total 8/59. 13.6 

Date of 
procedure 

10/24/01 

1/10/02 

4/27/01 

-~ 
Date of 
adverse 
event 

10/24/01 
-~ 

1/10/02 

4/27/01 

Adverse event within 7 days of procedure 

Sinus node damaqe - asystolic pauses as long as 8.28 
seconds documented 4 days post procedure. 
Medtronic Gem 111 AT implanted 11/1/01. 
Investigators thought sinus node dysfunction 
occurred during procedure. 

Also occurring in this patient: 
Aspiration pneumonia 
Pericarditis without significant effusion 
Posterior rnoracic s m  burns from acf brdlation 
Tamponade reaulrinq per card.al wmdoc - two hods post 

procedure became hemodynamically unstable. 
Hospitalized 11 days post procedure 

Left femoral AV fistula requirinq operative repair - 
~ ~~~~~ 

procedure was 5hrs 45 minutes in duration, patient 
had 3 7F sheaths in left femoral vein and one 5F in 
left femoral artery. Initial palliative treatment failed 
and patient re-admitted one week post ablation for 

__ 
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Il          

5 9 Y d  
no structural 
head disease 

4/1/00 4/1/00 

              

I I 

Sinus node dvsfunction - Linear ablation procedure 
performed in atrial fibrillation. Failed cardioversion 
attempts x 6. Spontaneous termination of a fib 
several hours post ablation and was then in profound 
sinus bradycardia, requiring trancutaneous/temporary 

.. 
Len parietal embolic stroke - patient known to have 

pacing. DDD pacer implanted 4/4/01. 

protein C deficiency, history of pulmonary embolus, . ~~ 

on coumadin prior to RFA. 
Procedure 898 5.5 hours in duration, catheter may 
have crossed atrial septum 

Other patients         ring pacemaker implantation within a month of ablation procedure: 
A 
A 
A 

Ilb        - RFA procedure 7/6/99, pacemaker implantation 7/19/99 
Ilb        - RFA procedure 3/22/00, pacemaker implantation 3/24/00 
111           - RFA procedure 12/3/01, pacemaker implanted 12\4/01 because of 
ab         al sinus node recovery time 

Adverse event greater than one week post procedure - 
> Ilb          -ablation procedure on 6/6/00, embolic left middle cerebral artery 

stroke on 7/12/00. The patient had known pre-existing bilateral atherosclerotic 
carotid disease, but the pre-procedure TEE showed a small blood clot not 
reported at time of the TEE 

There was one death. Pt Ilb        had the right atrial linear ablation procedure on 4/26/00. He 
was diagnosed to have lung       cer 6/28/01, 17 months post ablation procedure. He was treated 
with chemotherapy and radiation. He died 9/13/01. 

4.0 CONCLUSIONS 
1. There were many serious problems with the design of the study. 

a. It was difficult to evaluate the safety of the device system because: 
Single arm study with low patient numbers 
Little characterization of sinus node function prior to ablation procedure 
No specific adverse event ceiling pre-specified 

b. Evaluation of the effectiveness of the device system was problematic due to many 
factors which include: 

New device (NavAblator) added to the protocol while the study was ongoing 
Bias inherent in frequency of patient episode event reporting at baseline and 
at 6'h month 
Patients knew that a certain number of events were required at baseline and 
were not in the 6Ih month 
No method in place to determine if more than one rhythm strip was 
transmitted per single episode of atrial fibrillation. It was unknown if each 
transmission represented a discrete episode and there was data to suggest 
that it did not. 
The acute procedural endpoint was unclear. 

~ 
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2. There were many example of poor adherence to study protocol: 
Investigational device system was not used to create all the linear ablation lesions in 20 
patients 
The lesion set performed in the ablation procedure differed 
The ablation procedure specified in protocol for phase Ilb (Revelation Tx for all lesions, if 
necessary non-investigational device) followed in 26 procedures for that phase (68%) 
The ablation procedure specified in protocol for phase 111 (Revelation Tx for all lesions, 
then NavAblator if necessary) followed in 12 procedures for that phase (15.4%) 
Incomplete recording of acute procedural effectiveness endpoint 
Only 36.6% of patients complied with the instructions for transmission of rhythm strips at 
the 6Ih month post-procedure. 

3. A number of patients required additional procedures for atrial fibrillation after the ablation 
procedure. 

10/88 (1 1.4%) had AV node ablation 
2/88 (2.3%) had a surgical Maze procedure 

4. There were many patients who required a pacemaker implantation afler having the linear 
ablation procedure. Because the sinus node function of patients at baseline (prior to the ablation 
procedure) was not characterized it is difficult to determine if this rate was excessive, without a 
control group. 

5/116 (4.3%) patients acutely (4 within days of the procedure, another in less than 
two weeks) required a pacemaker implantation. 
20 total patients had implantation of a pacemaker 1 day to 1.5 years post procedure, 
with 9 of those patients having an AV node ablation. 
In 88 patients included in the chronic effectiveness evaluation 20 had a pacemaker 
implantation (22.7%). These patients have varying durations of follow-up. 

5. The major complications identified in this study were: 
511 16 (4.3%) (2 patients sinus node dysfunction, 1 tamponade, 1 AV fistula, 1 stroke) 
Or 8/116 (6.9%) (as above but with 3 additional pacemaker implants) 

6. Acute procedural success could not be determined in this study, as admitted by Cardima. 
acute procedural success endpoints not consistently recorded 
% of cases reaching acute procedural success endpoints not known 
data of the method or indicator the individual investigator used to determine the 
ablation lesion or procedure was concluded was not submitted 

7 .  There were 24/88 (27.2%) patients who reached the predetermined primary effectiveness 
endpoint using only the Cardima catheter system. 

8. Quality of Life (QOL) questionnaires were completed by patients in this study. This data has to 
be viewed with skepticism as the study was unblinded and there was no comparison group. 
Analysis of these results showed: 

83 patients completed at least some of QOL questionnaire at baseline and at the 6Ih 
month post procedure 
4/83 had an AV node ablation procedure prior to the 61h month 
5 patients with disputed baseline atrial fibrillation episodes are included in the 83 
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more than 50% of patients had clinically significant improvement in only one SF-36 
domain, Vitality 
more than 50% had clinically significant improvement in AFSS domains of Episode 
Frequency and Episode Severity 

5.0 RECOMMENDATION 
The sponsor should be sent a Not Approvable letter 



April 12,2003 

Mathematical Statistician (Heng Li, PhD) HFZ-542 
Division of Biostatistics, OSB 

Statistical Comments for Advisory Panel on PMA P020039; REVELATION Tx Ablation 
System, Cardima, Inc. 

Cindy Demian, M.S. - HFZ-450 
Division of Cardiovascular Devices, ODE 

As one of the statisticians on the review team I would like to make a note in this review 
memo of some peculiarities in the current study in terms of its conduct and data analysis 
which have made it exceedingly difficult to extract interpretable information from the 
study results. 

The investigational device in the current study is the Cardima” REVELATION“ Tx 
Microcatheter with NavAblator RF Ablation System indicated for the treatment of drug 
refractory paroxysmal atrial fibrillation. As its name suggests, in addition to a multi- 
electrode ablation microcatheter (3.7F), the system consists of a single use, deflectable 
NavAblatorTM “hot tip” ablation catheter (8F) with an electrically active tip introduced by 
Cardima as an optional device for ablation at the cardiac isthmus. The sponsor stated that 
‘.the introduction of the NavAblatorTM makes the Cardima@ REVELATION@ Tx 
Ablation System a complete system so that non-Cardinia catheter xvould not be required 
for the creation of the isthmus (flutter) line” (Panel Pack p. 43). Unfortunately, as i t  
turned out, there have been a substantial number of the study subjects whose isthmus 
lines were created by “non-study” catheters. This raises the issue of how data collected 
on subjects not treated by the investigational device may be used to assess the safety and 
effectiveness of the investigational device for which regulatory approval is sought, an 
issue that seems to be rather unique and deserves to be thought through very carefully. 
However, in the current PMA submission the sponsor seems to have completely ignored 
this issue: the assessment of safety and effectiveness proceeded as if all the subjects had 
been treated by the investigational device only. The existence of ajustifiable rationale 
underlying such an approach is hardly imaginable. 

A claim is made by the sponsor that “the optional use of non-study 4mm hot-tip ablation 
catheters for the isthmus line occurred randomly across all phases of the study” (Panel 
Pack p. 43). If this claim was true, with the word ‘random’ being given its usual meaning 
in the context of clinical trials, then those patients who were treated by the investigational 
device following the study protocol could provide some valuable information on the 
investigational device. Evidential support for this claim, however, seems not to have 
been supplied by the sponsor. Just because the assignment mechanism is beyond the 
sponsor’s control does not make it reasonable to conclude that it is random. It is difficult 
to envision the investigators randomly choosing between a “study” catheter and a “non- 
study” catheter, knowing that the purpose of thc investigation is to seek regulatory 



approval for the “study” catheter. A much more plausible assumption seems to be that 
the investigators selected the catheter in order to maximize the perceived benefit to the 
patient. 

Effectiveness of the investigational device is primarily measured by percent of subjects 
reaching a pre-specified amount of reduction in the frequency of the spontaneous 
symptomatic AF episodes at the sixth month post-treatment relative to baseline. At least 
several factors could potentially compete with the effectiveness of the investigational 
device as possible partial explanations for obsetved reduction in the frequency of AF 
episodes. One of the factors has to do with selection bias. As an inclusion criterion, 
there must be three or more AF episodes during the 30-day baseline period. The patients 
who met this criterion thus include both those who typically have 3 or more episodes 
during a 30-day period and those who typically have fewer than 3 episodes in a 30-day 
period but happened to havc 3 or more episodes during the 30-day baseline period. Some 
of the patients in the latter group would tend to have fewer episodes in a 30-day period at 
a later time even when the investigational device had no effect at all. Other possible 
factors that could lead to thc observed reduction in the frequency of AF episodes include 
the change over time in patients’ motivation to record and ability to avoid multiple 
recordings of a single episode. None of those possibilities haven been addressed and no 
steps have been taken to minimize the corresponding artifacts. 



DEPARTMENT OF HEALTH & HUMAN SERVICES 
Public I-lealth Scnxr Food and Drug Administration 

MEMORANDUM 

DATE: June 23,2003 

FROM: Cindy Demian, M.S. 
Biomedical Engineer 

TO: PO20039 
I m d  Review Summuy 

RE: Cardima, Inc. 
1ie\dationO Tx Microcathctcr with NarAblatorTh' (4 mm) RF Ablation System 

Marianne Raldwin, \'ice President, Regulatoq, Clinical, Quality 
Carhma,  Inc., 37266 Benicia Street, Fremont, California 94538 
I'mail: hlarianne.Baldrnin@cardiia.com 
Fax: (510) 657-4476 

CONTACT: 
(510) 354-0166 

SUMMARY 

This mcmo scr 
for the l<evcIatioii@! 'J's Microcatheter with Navt'blatorThl (4 mm) RF Ablation System. 

as the o \waU review mcmo that summar izcs the review components and open tssucs 

P M i p O J  e u/.r//l77ni.~.sioii 

.. 1 his I'h'Iil intends to sliuw that this percutaneous catheter ablation s!-stcm is safe and cffcctn.c fol- the 
trcattiicnt of drug refractory paroxysmal ;itrial fibrillation h r r c u i f ~ ~ ,  /liere 'ire / io ~ip~rn~~e~/p i ,~ . / / / ' i i io / i i , .~  i i l h / i o i i  
cufhefen fhuf ure inililafeii /or treaimcnf oJ'Afriu1 17ibriliu/ion regmlleJ.! uf n i t e  of ucwri-encc. 

INTENDED USE 
"The CardimnB Inc., R E V E L A T K I P  Tx Microcatheter Ablation System is indicated,for Irealmenl of 
Atrial Fihrillation in iJa1ient.v with drug refiaclory pirroxysmol u~riuljhril lafion by mtipping, pticing, 
und ablating with u set qfconlinuoirs linear lesions in the right ri lr ium. " 

1~U';GX'""~III 

' l 'hc PhIA application and  Expedited Ikview and mas granted on November 1, 2002. 'l'his expedited 
i~cvic\v cimcerns Cardima's Revelation Tx & NavAblator System to include iiiiu c.uthefcrc the 6 mni 
Rcvclation 'rx (3.7F) ,!firi.o Abiufiuii catheter and the 4 intn Nar.\blator (81:) ,\blation catheter. This 
review focused on the non-chnical aspects o f  the dcv~cc  operation and qualification. 'I'his Ca rkac  
Ablation system requires an RF generator. I-Iowcrcr, tlie sponsor docs not market a gencrator a n d  
therefore is not includcd in this I're-hlarkct Approval :\pplicat~oii. f-Io\vc~~cr,  tlie RI; generator should be 
ciimparihlc with the cat l ic tcr  system. I t  is unportant to norc thar r l i c  l<l: gcncrarors u s e d  in the clinical 
study of the 1ici.clation 'I'x/Nav:\blator RI' ahlauon catheters incliided the !iad~on~cs 1<1;<;~31: ~- a n d  tllc. 

1131 1500T4, which arc NOT approved marketed devices. The sponsor conducted a separate bench 
study to dcmonstratc the comparability of the performance of the nvo Re\dation T x  ahlation catheters 



with the two referenced generators and the Biosense Webster Stockert 70 

DEVICE DESCRIPTION 

The Revelation l x  and NavAblator Ablation system consists of the following components: 

Accessories 

RevelationTM Tx  Micro Ablation catheter (3.7F) 
NavAblatorTM 4mm Ablation Catheter (8F) 

NaviportTM Guiding Catheter 

RevelationTM T x  Cables 
RevelationTM T x  Select Switch Box 

h 'o  Gerierdor 
RF Generator Cotnpatibdit); 

T h e  Revelation"M Tx Ablation Microcatheter (3.7 F) is a single use, steerable, non-deflectable with an 
atraumatic chstal tip coil, flexible, non-electrically active up. It has eight electxodcs and eight 
thermocouples temperatures sensors on the distal end of the catheter. The ablation electrodes are Gmin 
in length. Ibdiofrcquency energy is applied to each electrode individually. ' lhe catheter is meant to 
produce thin linear rachofrequency ablation lines. I t  is intended to be used with a deflectable guiding 
catheter (Nariport) to properly position the distal tip. 'l'his catheter is designed for the treatment of atrial 
fibrillation h y  creating linear lesions 

The NavAbIa toP '  Ablation Catheter (8F) is a single use, deflectable with a n  electrically acure tip. I t  
has fuur electrodes, including one embedded in its tip just prositnal to a thermocouple. This catheter is 
designed to be used without a guiding catheter and has a control mechanism in the handle that activates a 
pull wire to steer and deflect the tip. This coiiuol mechanism "locks" the pull wire of the tip in place 
mhcn the desired cui-\-e/position has bccn achi 

Accessories 

1) 'The NaviportTM Guiding Catheter 
2) 'I'x Select Switch bos 
3) K. Cables 

Acccssorics to the system include the Cardima Nailport (a cleared device), the '1's Select Switchbox, and 
the associated connecting cables. These accessories arc designcd to b e  used wi th  any commercially 
available electrocardmgraph, pacing stimulator, and radio frequency generator, which hare the capability 
o f  monitrxing temperature from thermocouples. 

T h e  Naviportl" Guiding Catheter (offered 111 sizes S1: to 111:) is used to aid in the positioning of the 
I<e.r~elationTh' Ts. The NaviportT" guicbng catheter is a sterile, single use only, dual lumen (a dcrice 
lumen and closed pull wit-c lumen) torquablc, dcsigned to support \-enoils access to the right atrium. 'l'his 
esact device has already been cleared through 510Qi) for  the same Intended use. I~Iowe~-cr, I t  is integral 



to the Revelation Tx ablation system and so is described here as an accessory to the system. The 
deflecting mechanism is intended to allow the guiding catheter tip to be straighten while being inserted 
into, removed from the heart and deflected while in the heart. The Naviport features a friction-locking 
mechanism that permits the distal tip to retain its deflected shape once the catheter is in position for 
ablation. 

Tx Select Switch box 

To facilitate the sclection and activation of the Revelation Tx electrodes, the electrogram recorder, a 
pacing stimulator, or the RF generator without the need for switching cables, C a r h a  designed the T x  
Select Switchbox. This switchbox is a passive, non-energized Class I device. 

The Tx  Select Switchbox allows rapid switching between clecti-odes receiving a pacing stimulus. The hvo 
pacing stimulator output leads may he connected to the input leads of the switchbox. Two rotary 
switches allow the user to select which two electrodes will receive tlie pacing stimulus during bipolar 
pacing. Alternativcly, one rotary switch may be connected to a reference electrode for unipolar pacing. 
Recording of electrogi-ams from the "Electrode Output" on the switchbox is possible regardlcss of the 
position of the "Active Electrode" rotary switch. 

The switchbox is also designed to automatically select matched pairs of thermocouples and electrodes, so 
that the thermocouple just pi-osimal to the electrode selected is activated for tcliipcrahllK feedback 
conti-ol. 

RF Generator Compatibility 

The licvclation Ts ~licrocatlictcr/Nai~.A.hlator Cardiac Ablation system requires a n  RF generator, 
however, tlic sponsor does not market a generator and therefore is not included in this Prc-Markct 
Approval Application. 'l'lie R1' generator parameters that determine 'l's/generator compatibility arc 
described here. 

The RI generator to be used nrith the I<evelation l's/Nav,A.lhtor Cardiac Ablation system shr)uld be 
compatible with ablation catheters that incorporate thermocouples for tcmpcrature feedback to thc 
generator. In addition, tlie 12F gcncrator used with the Ts should have impedance sensing circuiwy that 
will interrupt tlie dclivcry o f  liE cncrgy when sensed impedance values increase beyond a prc-sct limit. 
l h c  RF generator should have a maximum power output limitation of 50 watts (either by factory setting 
or by end-user setting). 

'l'he RI: generators used in  the clinical study of the Re\.elation Tx/Nav;\blator I<]: ablation catheters 
included tlie Radionics Rl;G-3E and the IRI  1500T4. h separate bench study demonstrates tlic 
comparabilit\. of the pcrformance of the nvo Rc\dat ion Ts ablation catlictcrs with the two referenced 
generators and the liiosetise Wcbster Stockert 70. ' Ihc objccti\.e of the study was to dcmmstrate t h a t  an! 
RI: generator with specified iiunimum requirements can be used with the lic\.clation '1's system and the 
resulting lesions will be comparablr to those achic\-cd in the clinical study with the in\ 
generated. 'l'hc results of the bench studies liar-c been included i n  t h i s  module and the manufacturer 
states that the results demonstrate comparab i l i~  o f  the lesions. 



REVIEW TEAM MEMBERS 

Cindy Demian, M.S.B.E., LEAD REVIEWER, MECHANICAL ENGINEEMNG & BIOCOMP.4TIBILITY REVIEWS 
Lesley Ewing, M.D., MEDICAL OFFICER REVIEW 
Heng Li, Pf<.D., BIOST.Y~'ISTICI.IN REVIEW 
James Cheng, M.S.E.E., ELECTRICAL ENGINEERING REVIEW 
D. Nick Jensen, D.V.M., M.S., ANIRLIL REVIEW 
Lisa I<ennell, STERILIZ.ITION & PYROGENICITY ml'IE\V 
Barbara Crowl, BIORESEARCH MONITORING REVIEW 

MODULE SUBMISSIONS & STATUS 

The following is a brief summary of the rcvicw history of the llcvclationTM T x  Microcatheter and 
NavAblator ilblation Catheter System with respect to the individual modules submitted and theit status, 
(for more details of the chronology of the filc, refcr to the chronology summary list): 

MOO1 -Biocompatibili/y. Dcficicncics scnt September 28, 2001 
> AOOl-Sponsor responded January 28,2002 81 May 28,2002 
> AOO2- Sponsor responded May 28, 2002. 
> Accepted hlodule and letter sent on May 31, 2002. Closed. 

MOO2 -Animtr/. 
> Accepted Module and letter sent on September 28, 2002. Closed 

M003-EIec/rica/ & Mechnnicnl 
> Eleclricnl- Accepted review on August 24, 2001. Section closed. 
> Mechonicn/-Deficiencies sent March 28, 2002. Sponsor responded April 15, 2002. 

Under  review (rolled into PMA). 

M004-ManujUcturing & Sterilii,);. 
> ManufUc/iri~itig-.Section closed. 
P Sterilily-llnder Review (rolled into PMA). 

PO20039 (M005) -- Phase I, 11, and 111 clinical. Initiated original PMA, Under  review.. 

I n  addition, thrcc amcndtnciits to  the PMA Slicll wcrc submitted: A001- update of shell plan, A002 
change of contact t o  Lls .  hfai-iannc IMdwin, A003- Iuly 8, 2002 meeting minutes. 

MECHANICAL REVIEW--- 

._ 1 he mechanical (Electlo-Pvleclianical module) rcvicw was performed by the lead revicwcr undcr MOO3 
'I'hc following are open issues that wcrc not adcquatclr addressed b y  the sponsor: 

In Module 3 of' f l ie PMA submission, you proi~idcd (I repor/ oflesion rompurison /es/ing which 
II'NS designed lo rlemonstrn~e Ihol the NovAblotorTM creaies lesions tho/ were .sinii/nr in deplh ond 
degree a s  legiill~, mtrrkeled nhlo/ion ccrtheters used in /he clinicnl silrdy This bench /cs/ing did 
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not include ample number of legally marketed (4 mm) radiofrequency ablation catheters. As 
previously outlined in an email set on May 6, 2003, please provide the test results analysisfrom 
your catheter comparison testing which demonstrate the equivalence ofthe lesions created by the 
subject device and legally niarketed catheters used in the clinical study. 

Please address the following with respect to the Customer Experience Reports described in 
P020039/A002, Volume I ,  pages 37-38, Volume 2, pages 81-89, Table F43:. 

a. This table documents several electrical and cable failures, as well as coagulum formation. 
Please provide a detailed explanation ofhow you plan to address or mitigate these failures in 
order to ensure appropriate catheter performunce during actual use. 

This tuble documents several reports ofthe de-lamination ojTHK ?'he rationale to address 
[his issue is insuf3cient because you have not provided a reasonable explanation on how you 
plan io ensure the manufacturahilily and quality assurance ofyour cathefers. Please provide 
a detailed explanuiion ofhow you plan to mitigate the de-laminafion of THV in order to 
ensure the reproducibility and nianufacturahility ofyour catheters. 

h. 

ELECTRICAL ENGINEERING REVIEW 

The electrical engineering was pcrformed by Mr. James Cheng, MS., under the Electro-hfechanical 
Module 3 (M003), see attached review. 'l'he review was cotnpletc. However, there arc outstanding 
elect+ical issues that were raised during the clinical review. T h e  open issues are as follows: 'l'he clinical 
trial experience demonstrated possible ~naiiufacturabilin and quality control issues regarding the 
performancc o f  the catheters. I t  is unclear- how the sponsor WLU mitigate the electt-ical failures, coagulum, 
and cable failures that were observed during the clinical trial. In addition, the sponsor should clarify if 
these arc strictly cathctcr design issues or primarily inanufacturabilin. issues. The  sponsoi- will be aslccd 
tlic above deficiency (a) pertaining to the Customer Esperiences lleports. 

. .  

BIOCOMPATIBILITY REVIEW 

The biocompatibility (modular) review, under M O O 1  was performed by the lead reviewer. N o  
outstanding issues were identified and the acceptance letter was sent May 31, 2002. The sponsor has 
provided documentation that they performed their shldies according to Good Jhora to ry  l'racticc 
(GIJ'). Since the closeout of the module, no other outstanding issues have been raised. 

STERILIZATION & PYROGENICITY REVIEW 

The sterilization (modular) review \vas performed by his. Lisa I<ennell, see attached revie\v under hf001 
f m  further details. Ms. I<eiinell indicates a major deficiency regarcling failed test samples. The sponsor 
indicated in their reports that thcre mere aged samples that failed tests and that tests should be repeated 
on samplcs having the corrective actions. 1-Io\ 
sponsor will be askcd the following deficiency, scc I)clo\v: 

cr, no data was submitted o n  these samples, rhc 

In Module 4 o / / h e  PMA .submission. yo21 poi,idcd inconiple/e d[)cutiieritution,/ur in o d c r  1 0  
.supper/ n 3 j'enr shelf lij>,/br J ~ O Z I I .  deviccs. I n  /he report, j 'ou indicnre tho/ uged . s a m p k . s  



failed tests and that tests should be repeated on samples having the corrective actions. 
However, no data were submitted on these samples. Please provide this documentation 

ANIMAL REVIEW 

The animal (modular) review was performed by Nick Jensen, D.V.M., M.S., see attached memo under 
M002. No outstanding issues were identified and the acceptance letter was sent September 28, 2002. , 
The sponsor has provided documentation indicating that they did not perform their s t u l e s  according to 
Good Laboratory Practice (GLP), where they provided reasonable justification. Since the closeout of the 
module, no other outstandmg issues have been raised. 

BIMO REVIEW 

The BIMO review was performed by Uarbara Crowl, see attached memo. Ms. Croivl indicated that the 
sponsor's inspection was cancelled on June 18, 2003. She notes that if the sponsor submits a future 
application, a n  inspection assignment can lie issued a t  that time. 

With regard to HIMO/Comphance issues, it mas found that a t  least one of the three clinical sites 
inspcctcd was unclear as  to lion. to count/rcport atrial fibrillation episodes. Because a decrease in 
episodes from baseline to 6-month follow-up was the primary effectiveness endpoint, this tnay have 
affected the rcl iabdq of some of this data. Ms. Crowl raises valid concci-tis where the review team, 
Upper Management, as well as the Panel, arc all in agrccincnt that this file is Not Approvablc. Overall, 
Ms. Crowl's memo inhcated that the review of the data integrity at the sponsor mid clinical sites showed 
that there were no outstanding issues. 

COMPLIANCE REVIEW 

'l'hc Compliance revien was performed b y  Susan Icnscn, see attached etnail dated Junc 18, 2003. Xls.  
lcnsen indicated that Carchina was inspected from Jaii~iary 27, 2003 to Februarv 3 ,  2003. According to  
Ms. lensen the inspection was classified a Voluntary Action Indicated duc to the Quality System 
regulation violations revealed bv the sponsor. Spccifically, the inspector found some deficiencies with 
the Quality System regulation (manufacturing) and \ihere the firm protiiiscd to correct the deficiencics. 
The sponsor submitted a responsc to tlic district to correct the deficiencies and tlic district found their 
corrections were adequate. Ms. jensen's recommendation i s  that concurs \lilt the &strict's 
recommendation of the VAI and rccominend clearance for the prcmarket submission. 

CLINICAL REVIEW 

'l'lie chnical review \vas pcrfurtned b y  I.esley Ewing, hl . i l . ,  sce attached mctno 

l>r. Ewing's rerieiv recommended that the device not be approved due to a lack of a deliionstration by 
the sponsor of thc safcty and cffecri\.cn 
followiiig major concerns and conclusions; refer below: 

of the device for its intended use. Dr. Ewing cites the 
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1. There were many serious problems with the design of the study. 

a. It was difficult to evaluate the safety of the device system because: 
Single arm study with low patient numbers 
Little characterization of sinus node function prior to ablation procedure 
No specific adverse event cefing pre-specified 

b. Evaluation of the effectiveness of the device system was problematic due to many factors 
which include: 

New device (NavAblator) added to the protocol whde the study was ongoing 
Bias inherent in frequency of patient episode went  reporting at baseline and at 6th 
month. Patients knew that a certain number of events were required at baseline and 
were not in the 6th month 
No method in place to determine if more than one rhythm strip was transmitted per 
single episode of atrial fibrdation. It was unknown if each transmission represented a 
discrete cpisodc and thcrc was data to suggest that it did not. 
'The acute procedural endpoint \vas unclear. 

2. 'l'hcrc were many example of poor adherence to study protocol: 

Investigational device system was not used to create all the linear ablation lesions in 20 
patients 
The lesion set performed in the ablation procedure differed 
'l'hc ablauon procedure specified in protocol for phase I Ib  (Revelation TX for all lesions, if 
necessary noti-itivestigauoiial device) follmvcd in 26 proccdurcs for that phase (68%) 
The ablation procedure specified in protocol for phase 111 (Rcvclation 'I'x for all lesions, theo 
NavAblator if necessary) follo\vcd in 12 proccdurcs for  that  phase (15.4%) 
Tncomplctc rccording of acute pi-ocedural cffectivcness endpoint 
0 1 1 1 ~  36.6'%) of patients complied with the instructions for transmission of rhythm strips a t  
the 6th month post-procedure. 

3.  i\ number of patients required additional procedures for atrial fibrillation after the ablation 
procedure. 

10/88 (1 1.4%) had A\' iiodc ablation 
2/88 (2.3%) liad a surgical Maze procedure 

4. There \yere many patients mho required a pacemaker iinp1;uitatioii after having the linear ablation 
procedure. Because tlie sinus node fuiictioii of patients at  baseline (prior to the ablation procedure) 
was not characterized it is difficult to detcrmiiic i f  this rate was excessive, without a control group. 

5/116 (4.3Vo) patients acutely (4 within davs o f  the procedure, anotlicr in less than two 
weeks) required a pacemaker implantation. 
20 total patients liad implantation o f  a paccmaker 1 day to 1.5 ycars post procedure, wit11 0 ai 
those patients having a n  A\' nodc ablation. 
I n  88 patients included in the cliroiiic cffcctir-cncss evaluation 20 had a paccinakcr 
implant;~tion (22.7%). 'l'liese paticnts have varying durations of follow-up. 

0 
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5. The major complications identified in this study were: 
5/116 (4.30/0) (2 patients sinus node dysfunction, 1 tamponade, 1 AV fistula, 1 stroke) 
O r  8/116 (6.9Oh) (as above but with 3 additional pacemaker implants) 

6. Acute procedural success could not be determined in this study, as admitted by Cardima. 
0 acute procedural success endpoints not consistently recorded 

5’“ of cases reaching acute procedural success endpoints not known 
data of the method or indicator the individual investigator used to determine the ablation 
lesion or procedure was concluded was not submitted 

. 

7.  There mere 24/88 (27.2%) patients who reached the predetermined primary effectiveness endpoint 
using only the Carduiia catheter system. 

Quality of Life (QOL) questionnaires were completed by patients in this study. This data has to be 
viewed with skepticism as the study was unblinded and there was no comparison group. Aiialysis of 
these results showed: 

8. 

83 patients completed at least some of QOL questionnaire at baseline aiid a t  the 6th month 
post procedure 
4/83 had an AV node ablation procedure prior to the 6th month 
5 patients with disputed baseline atrial fibrdation episodes are included in the 83 
inorc than 50% of patients had clinically significant improvement in only one SI:-36 domain, 
Vitality 
more than 50% had clinically significant improvement in AFSS domains of Episode 
I’rcqucncy and Episode Scvei-ity 

1Ir.  Ilwing cited the one major deficiency, which is located in the Deficiency Section of this memo that 
will be conveyed to the sponsor pertailling to the future clinical trial. 

STATISTICAL REVIEW 

’Ihe statistical review was performed by Heiig Li, Ph.D., see attached memo 

llr .  Li’s review concluded that the clinical trial design dld not have well (prospectively) defined endpoints 
fof- safety aiid cffectivene 
effectiveness of thc catheters, Dr. Li recommended against approval of the device. Ur. Li cited the one 
major deficiency, which is located in the Deficiency Section of this memo that will b e  co l i \  
sponsor pertaining to thc future statistical plan. 

Based on the failure of the clinical trial to demonstrate safety and 

llnif/ li~.toy o j - ~ b c  Age/i ty  is liitemchoiij.  wifh CurIJNNu 

Cardima’s clinical trial was initiated in I997 under a n  approred investigational device esemption ID17 
G970280. The sponsor’s feasibilih study was approved in Dcccmher 1997. where they treated 10 
patients. 

I n  IuIv . 1998, FIIA Adx-isory Ci)mmittce m:idc recoiiitnetidations for atrial filirdauon clinical study 
designs. I n  particular, they recommended a single ariii study, where the patient SCITCS as  theic o w n  
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control. This Advisory Committee recommended a 75 percent decrease in the frequency of symptomatic 
episodes or cure was considered as clinically significant endpoints in the treatment of  atrial fibrillation. 

In August 1998, the sponsor submitted their first progress report on their first five patients. However, there 
were problems with creating the isthmus line with the REVELATION Tx. The FDA recommended that 
Cardima could either pursue a licensing agreement with another company for use of an approved standard 
four millimeter ablation catheter or Cardima could design their own catheter in order to complete the 
procedure. Cardima opted to design their own standard four millimeter catheter. I6 adlt ion,  the Agency 
informed Cardima that the use of non-investigational device would be considered a clinical failure. 

A few months later, in December 1998, the sponsor submitted their progress report from the next five 
patients, now a total of 10. l-lowever despite the FDA's concerns, tlierc was still wide spread (7110) use of 
non-investigational catheters in Cardima's study. 'l'wo years later in May 2000, Cardima was gi-anted 
approval to begui their pivotal trial, Phase 111. 

In addition, the NavAbla toF  4rmii catheter was added to tlieir IDE. A t  that tune, the Agenc).'s thiuking 
was that 80 patients would be treated with the new catheter and thcrc would be sufficient acute and chronic 
effectiveness results within a narrow cnough confidcncc intci-val to properly evaluate the NavAb1atoi"h'. 
Agaiu, I'DA conutiucd to cotnmunicate to the sponsor that the use of tion-itivestigatioial catheters were 
considered failures. In June 2000, the sponsor met with the Agency where the cornpany agreed and stated 
in their mecutig miuutcs that they do not want to pool the fcasibhty with the pivotal. A year later in May 
2002, Cardima submitted a progress report on  their I'hasc Ilh patients. FDiI informed Carhma of our 
concerns, which were primarily hased on the feasibility results. Thc first concern was that there was patient 
non-compliance with trans-telephonic intiilltoring. 'The second concerti was that thcrc was varying 
dcfitlltions o f  acutc succ 

PANEL REVIEW 

'11 115 '. s u  . 1 mission was brought before and rcvicwcd by the CirculatoiT Systems Device I'ancl on May 29, 
2003 in Gaithcrshurg, M:iryland. 

?'he panel voted to unanimously disapprove (7 to 0) Cardima's Revelation@ Tx Microcatheter with 
NavAblatorTM (4 nini) RF Xblation System. I t  is worth noting that 1 have higlilightcd the Panel's main 

I-, for i n c m  details refer to the summa17 miuutes aiid transcript. 

Since the trial's inception in 199'7, thcrc is now a greater knowledge of Atrial I:ibrillation as a disease. 
The panel discussed and raised their coucerus with the design of the c1inic:il tIial. C;ardima's clinical trial 
was based primarily on thc rccotiimcndations of the July 22, 1998 (Circulatory Systems lleviccs) 
Advisory l'anel, which is uow somewhat outdated as technolog\ has cvol\-cd since the 199X Advisory 
Pauel. 

1:irst and foremost, this clinical trial was not a randomized trial, instcad the patient served as their own 
control and  the trid did not have sufficient patient data strictly o n  Cat-dima's devices. 'l'he panel 
mcmhcrs noted that (:ardima's primary inx-cstigators "contaminarcd the data" since they did uot  
eliuunate thc use  of iioii~in\.esu~itioiial catheters, which in mcxt (:ind not all) cases werc uscd to 
create/ablate the tricuspid isthmus line since the lievelation 7s w a s  unable to create this lesion; and the 
Navahlator was developed for this sole purpose. 'l'lie panel concurrcd with thc FiI:l recoininendati~~tis 
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specifically that the use of non investigational catheters was and should be considered as clinical failures. 
The panel noted this clinical trial was not a prospectively defined trial from the onset, and that the 
primary investigators "did not play by the rules that they designed, and furthermore, should have been 
eluninated from the clinical trial as primary investigators" (Dr. White). The panel also noted that missing 
data from the clinical trial did not translate to mean that patients did not experience episodes. Therefore, 
there was a lack of rigor and robust data (per Dr. Waldo, Dr. White, and Dr. Norman). In addition, the 
panel members concurred with the Agency's recommendation that the increase of amiodarone dosage 
would be considcrcd a clinical failure. Most importantly, the panel noted in thclr final remarks that this 
was an "obsemational exercise" and not a true clinical trial. Since the data was improperly collected, 
there was no way to salvage any information from this study. It is the Agency's understanding that the 
sponsor would hare to start again at the Prc-IDE level. Finally, the panel found very little evidence to 
support reasonable assurance of safetv and effectiveness for the Cardma catheters (the Revelation l'x 
and the Narablator). 

LEAD REVIEWER RECOMMENDATION 

I t  is indisputable that the results of thc clinical trail of the subject device demonstrate that the sponsor 
has not adequately demonstrated the safety and effectiveness of theit device and that the sponsor based 
the design of theic trial primarily on the recommendations of the July 22, 1998 (Cxculatorv System 
Ilcviccs) Advisory Panel. T h e  Panel and I.'L>4 have consistcntly noted that the sponsor did not collect 
enough appropriate data ti) demonstrare the safety and effectix-cncss on the sole use of both of theic 
investigational catheters, and that the clinical trial, in hindsight, was poorly designed. I t  was noted by 
scvcral Panel nicinbcrs that this clinical trial lacked scientific rigor, i.e., there was missing data, the data 
was "contaminated", there was not sufficient patient data on the sole use of the investigational devices, 
patients mere not randomized, and there mere not well defined prospectively endpoints and procedures. 

I3ased on the Panel discussions, the reviews and rcconnnendations of the clinical and statistical reviewers] 
discussions with Division hlanagement, it is n i y  reconiincndation as lead reviewer and the review team 
that the sponsor has not demonstrated safety and efficacy of their catheter system and that the device 
NO'I' be approved (NO'I' A~~~l<o \ . .wI . i ; ) .  I t  is also reconimended that further clinical study uf the device 
(both inrcstipitional catheters; specifically, the Navr\blatorT") is \varranted based o n  the results o f  the 
failed clinical trial. 

DEFICIENCIES 

1. We believe that the clinical evidence provided in this PMA application does not demonstrate a 
retrsonuhle tissurtrnce ofsafely or eflectiveness as descrihed in 21 CFR 860.7(d)(l) and (2), 
rc .~pc/ i iv ly  S~~ecificcrlly, we nofe /he.fijlIo1ving issues ~ h i c h  need lo he addressed with 
respec/ /o  [he subniission and anolysis ofclinicul dutci srrhrnilted in this ripplicution: 

a. The clinical study lucked an accurate tneasurement of effectiveness endpoints, due IO 

the following confounding,factors: 

1. Ftrilure to  u.ssure ronzpliunce i i , i th  /he measuring loo1 used to collect duitr to 
e iduo te  the gfficriveness en47oint.- crnd 

Page 10 ~ 1'020039- Trcatment of Atrial Fibdlation Ablauon \mth thc Cardma@ I k a c l a r i o n T M  'Yx 
Microcarhctcr with Nav;\blatorT" (4 iiiiii) Ablation Carlictcr System 



.. 
11.  Failure to clearly define a method to determine ifsymptomatic episodes 

reported by the patient represented discrete episodes of atrial fibrillation 

b. The clinical study lacked a consistently defined acute procedural endpoint that would 
allow assessment of effectiveness of the device system andprovide a basis for  
developing instructionsfor use. 

C .  The clinical study lacked complete adherence to the investigational protocol by all 
investigators at all investigational sites, with respect to: 

i. perfi,rmunce ofthe .same ablution procedure with the invesiigaiional device; 
and 

.. 
I 1  initial attempted use of the investigational device system catheters only. 

The clinical study results were potentially biased by changes to patient antiorrhythmic 
medications 

d 

e. The clinicul study did not contain carejul characterization of the study population in 
lerms of the pre-exi.rting co-morbidities, such as sinus nodc,function, which mude i/ 
difficulf to evaluaie /he ejj'icts of the ublntion procedure on key  patient parameters. 

The lack ? f a  control arm made the trial vulnerable to biases und ariifircts, such C I S  

placebo <ffhc/s. 
.f 

We recommend thai J J O I !  schedule (I  nieeling with us l o  discuss how these issues will he 
oddressed in a,fiiture subnii.s.sion. 

In Module 3 ofthe PMA submission, you provided a report of lesion comparison testing which 
W'US designed to demonstrate that the NavAblatorTM creates lesions thai were similar in depth 
and degree as legully marketed ctblntion catheters used in the clinical study. This bench 
testing did not include trmple nuinher vf lcgally marketed (4 mm) radiofiequcncy ablation 
cathetcvs. A s  previously outlined in an eninil .set on May 6, 2003. plcase provide the test 
results unalysisjwm your catheter comparison testing which demonstrate the equivalence of 
the lesions creuted by the subject device nnd legully marketed catheters nsed in the clinicul 

2. 

Stl4dy. 

3. Pleuse ctddress the,following with r q i c c t  to the Customer E.xpericnce Reporis described in 
P020039/A002, Volume 1. pugcs 3 7-38, Volume 2, p u p a  81-89, Tuble F43: 

( I .  This tuhle docuriicnts scvrrul elec/ricol cmd cahle ,fiiilures, us wcll LIS corrguluni 
/i)riiiution. I ' le~i.vc provide ( I  detailed c.xplunation ufhoiv you pkun to aiidress or 
mitigutc these, fiiilnres in order to ensure uppropriute catheter perfi)rrnance during 
~ictuiil nse. 
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b. This table documents several reports ofthe de-lamination of THV. The rationale to 
address [his issue is insufficient because you have not provided a reasonable 
explanation on how you plan to ensure the manufacturabilify and quality assurance of 
your catherers. Please provide a detailed explanation ofhow you plan to mitigate the 
de-lamination of THV in order to ensure the reproducibility and.manufacturability of 
your catherers. 

4. In Module 4 ofthe PAL4 submission, you provided incomplete documentation in order to 
support a 3 year sherflifefor your devices. In the report, you indicate that agedsamples 
failed tests and that test,s should be repeated on samples having the corrective acrions. 
However, no daia were submitted on these samples. Please provide this documenlation. 

REVIEW TEAM RECOMMENDATION 
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Cardirna, Inc. PMA #P020039/A001 

I .  The PMA submission requests approval for two different ablation catheters, the 
Revelation Tx and NavAblator. In your supporting clinical hial, the Revelation Tx was 
tested in 95patients andyou provided 6 month follow-up on 79 of those patients. The 
NavAblator was tested in 41 patients, five of which required a non-investigational 
ablation catheter from another manufacturer to complete the procedure. FDA is 
concerned that the amount of clinical evidence provided for the NavAblator may not 
provide a reasonable assurance of safety and effectiveness for this device. Please 
provide additional clinical evidence on the NavAblator or, alternativeb, justih why the 
amount of testing already providedprovides a reasonable assurance of safefy and 
effectiveness. 

Cardima’s PMA submission requests approval for a system to treat atrial fibrillation. 
The system ori inally comprised the EVELATION@ Tx Microcatheter and a 4mm 
“conventional” RF ablation catheter considered ”standard institutional procedure” 
for creating RF lesions at the isthmus of the right atrium. Later, Cardima introduced 
its own 4mm RF ablation catheter, the NavAblator. 

The protocol required the use of the REVELATION Tx for the septal and lateral 
lesions and, for the isthmus line, investigators were requested to first attempt the 
lesion with the REVELATION Tx, then, if the anatomy of the isthmus varied or was 
too bulky, a “conventional” catheter could be used. AAer the introduction of the 
NavAblator, the “conventional” ablation catheter became a third option after 
attempting with the Revelation Tx and the NavAblator, if bi-directional block still 
could not be confirmed. The device use for creation of the isthmus line in this study 
reflects this practice. 

In response to FDA’s concern that the amount of clinical evidence provided for the 
NavAblator may not provide a reasonable assurance of safety and effectiveness for 
this device, Cardima is herewith presenting additional clinical evidence supporting 
the rationale that the data reported herein provide reasonable assurance of safety and 
effectiveness for the REVELATION Tx and NavAblator Ablation System for the 
treatment of AF. 

7 

The Original PMA submission reported that NavAblator was tested in 41 patients, 
five of which required a non-investigational catheter from another manufacturer to 
complete the procedure. That report was based upon data as of July 3 1,2002. Table 
A-1, below presents an additional 18 patients for a total of 59 patients in whom the 
NavAblator has been tested including 12 who also required a non-investigational 
catheter to complete the procedure. 

~~ ~~ 

I “Conventional” in this context means approved “hot tip” RF ablation catheter. 
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PMA #P020039/AOOl Cardima Inc. 

- 
Outcome 

Treatment Success' 
Episode Reduction4 

Table A-1 
Isthmus Lesion Creation by Device by Availability (Study Phase) 

Ablation Device 

*Dala pending at the site for one subject 

NavAblator3 REVELATION Other Total 
(n=28) Tx (n=17) (n=28) (n=73) 

21/28 (75.0) 16/17 (94.1) 26/28 (92.9) 63/73 (86.3) 
6.0 i 10.8 8.6 + 6.1 lO.O* 10.6 8.2 * 9.8 

The data summarized above reflects the use of the investigational devices exclusively 
in approximately 80% of the isthmus lesions created, adjusted for the availability of 
the NavAblator. 

However, it is important to recognize that the isthmus lesion is but one of three or 
four lesions used for the treatment for atrial fibrillation. The treatment outcomes at 
the six-month follow up interval for the treated patients by isthmus lesion device is 
illustrated in Table A-2. 

Table A-2 
Treatment Outcome Results' at Six Months Relative to Baseline 

by Device Employed to Create the Lesion at the Isthmus Line 

' n e s e  results do not include 8 subjects who did not have the isthmus line ablated and 5 subjects whose baseline 
episode frequency was ambiguous 
Patient treatment success, 50+% reduction in episodes, freqln, % 
Includes 2 subjects whose isthmus line was treated with both REVELATION Tx and NavAblator. 
mean5SD 

These results illustrate that the criterion for treatment success was exceeded in all 
groups. 

It is important to recognize that these data reflect the outcome of the entire procedure, 
including the complete lesion set, the procedure duration, skill of the investigator, 
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Cardima, Inc. PMA #P020039/A001 

method of sedation, pre-existing and concomitant conditions of the study subjects, 
among others. The isthmus catheter used is not the only variable affecting treatment 
success and may not affect the treatment outcome at all. 

It is also important to recognize that creating a linear lesion at the isthmus line is a 
challenging task, given the irregularity of the anatomy in that region of the atrium. 
The use of either the NavAblator or another “conventional” ablation catheter means 
that there has already been a prior attempt with the REVELATION Tx or an 
assessment of the isthmus anatomy to determine the probability of success with the 
Tx. In Phase 111, the use of another ablation catheter means that both the Tx and the 
NavAblator had been tried or assessed for likely success in the presenting anatomy. 

The successful achievement of bi-directional block depends upon the combined 
effects of investigator skill and isthmus anatomy and, in some cases, it is not 
achieved during the procedure at all, regardless of the type or number of catheter(s) 
used. 

In conclusion, Cardima believes that the accumulated evidence presented here is 
sufficient to provide reasonable assurance of safety and effectiveness of the 
REVELATION Tx Ablation System, including the NavAblator or a 4mm 
conventional’ F S  ablation catheter in creating endocardial lesions in the right atrium 
for the treatment of atrial fibrillation. 

2. You provided summaries of the follow-up and outcome for the patients involved in the 
clinical trial. Additional information is needed in order for FDA to thoroughly review 
your application. Please provide a table of allpatients who have been treated with 
your ablaiion system. The columns should include the patient identifier, date of 
procedure, identifv and number of catheters used follow-up completed and dates, 
number of atrial fibrillation episodes at baseline, number of atrial fibrillation episodes 
at 6 months, medications at baseline, and medications at the 6 month assessment. 

A summary of all patients who have been treated with Cardima’s ablation system is 
presented in the requested format in Table A-19, Appendix A-I, Volume 1. As 
requested, this summary includes the patient identifier, date of procedure, identity 
and number of catheters used, follow-up completed and dates, number of atrial 
fibrillation episodes at baseline, number of atrial fibrillation episodes at 6 months, 
medications at baseline, and medications at the 6-month assessment. 
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PMA #PO20039/AOOl Cardima Inc. 

3. You provided a summary ofpatient atrialfibrillation episode reduction in terms of 
number ofpatients who had certain frequencies of events at six months. Please 
provide a complete tracking of the change in event frequency per patient or patient 
group. For example, for the group of 14patients who had 3 eventsper month at 
baseline, please identify the status of these 14patients at the 6 month follow-up. This 
data presentation necessitates the removal of the Spatienis who did not have an 
accurate baseline frequency recorded. In addition, please provide the patient 
identifiers of those 5 patients. 

A complete tracking of the change in event frequency per patient by baseline episode 
                                                          e patients whose baseline frequency was ambiguous 
                                                        ave been removed from this table. Where no data 
                                                        ot yet reached the specific interval or the data have 
not yet been verified for entry. This listing is also presented by patient in Table A- 
20, Appendix A-I . 

Table A-4 - Status of Subjects by Baseline Episode Frequency 
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Table A-4 - Status of Subjects by Baseline Episode Frequency 

* Group a: 3-4 episodes, group b: 5-9 episodes, group c: 10-19 episodes, group d: 2Ot episodes 
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4. You provided summary adverse event information for yo                                        
provide additional adverse event information on patients                                                 
                                                                 Spec$cal&, provide a summary of the adverse 
events that occurred andprovide all the data monitoring forms and any other 
information, such as discharge summaries, used for your assessment of these adverse 
events. 

Adverse event information for this clinical trial was reported and assessed by the 
sites according to definitions provided by the protocol. AEs that were determined to 
be Major Complications were hrther assessed by Cardima to assure compliance with 
the FDA definition. When information provided by the sites was not sufficiently 
clear, source documents from medical records such as operative reports, lab reports, 
office visit notes, or a letter from the investigator were used to clarify and confirm 
the nature of the event. 

Those complications that clearly met the criteria for “Major” were so classified. 
Those that did not, but still occurred within the first week following the procedure 
and were significant, but did not require major intervention to resolve (e.g., 
adjustment of an anti-arrhythmic drug to resolve 2.4 second pauses) would not be 
classified as a “Major Complications”. 

If the site believed an event to be an adverse event, it was reported as such. 
However, if the AE was reported to be a “Major Complication and Cardima’s 
assessment of the event consistent with the definition of Major Complications 
presented in CDRH Guidance document “Recommended Clinical Study Design for 
Ventricular Tachycardia Ablation” dated May 7, 1999 differed, the event was not 
treated as a “Major Complication” in the data analysis. 

All data monitoring forms for the specified patients, including supporting documents 
used to assess the adverse events are included in Appendix 3, Volumes 3 , 4 , 5 ,  and 6 .  

Table A-5, below, presents the requested summary of the adverse events reported for 
the specified study subjects. An updated listings of adverse events for all study 
subjects is included in the updated clinical data presented in Appendix A-3, Volume 
2. 
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Table A-5 -Adverse Event Summaries f o r  Twelve Study Subjects 

Subj. ID - 

Ilb        

IIb        

11          

:I          

Proeedurr 
Date 

06/09/99 

07/08/99 

02/21/01 

)6/08/0 1 

AE 
Onset 
Date 

06/12/99; 
06/27/99 

D7/09/99 

516101 

)7/09/01 

AE Description and Outcome 

This patient entered the study with sinus bradycardia 
and some non-significant structural heart disease (LV 
hypertrophy). The site reported two (2) AEs for this 
subject. The first event was a sore throat and upper 
respiratory infection with “mild” symptoms noted prior 
to discharge. This event was determined by the 
investigator to be “probably” related to the procedure. 
This event was noted to have resolved on June 1 4 ~ .  
However, on June 27”, the subject presented with 
possible pneumonia and a UTI with symptoms noted to 
he of “moderate” severity. The complication was 
reported resolved on 6/29/99. The investigator was 
uncertain if this event was related to the procedure. 
Subject continued through the 24 month F/U without 
further AEs. 
This patient entered the study with Atrial Flutter, despite 
two prior RFA procedures for this arrhythmia in August 
and September of 1997. One AE was reported for this 
study subject at discharge consisting of a UTI with mild 
symptom severity and a reported start date of 07/09/99 
and a resolve date of 0711 1/99 following Rx therapy. 
The investigator considered this event to be probably 
related the procedure, not to the device. Subject 
continued through the 12 month F/U interval and then 
had a surgical MAZE procedure for recurrent AF and 
withdrew from the studv. 
This patient entered the study with Atrial Flutter, despite 
a prior RFA procedure for this arrhythmia on 09/08/00. 
One AE was reported for this subject with complaints of 
dizziness (syncope) “moderate” in severity and an onset 
date of 02/28/01. This was initially reported by the site 
as SA Block in error. Electrogram strips recorded by 
the cardiac event monitor on 02/28/01 documented 2.4 
second pauses. A reduction in the AAD dosage 
resolved the event. The investigator believed this event 
to have a probable relationship to the procedure, not to 
the device. The subject continued in the study through 
the 12 month FIII without further AEs and is still 
continuing. 
This patient enrolled in the study with no significant 
history of anything but AF. Following treatment under 
this protocol, subject was discharged in NSR, but back 
in AF on 6/12/01. A series of attempts at cardioversion 
were performed beginning with successful medical 
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Subj. m 

I11        

IIb        

‘I          

Procedure 
Date 

5/30/01 

14/14/99 

~ 012 I /99 

AE 
Onset 
Date 

5/31/01 

04/15/02 

1012 1 /99 

AE Description and Outcome 

cardioversion (Rhythmol) on 6/26, return to AF on 
6/29/01 that was unsuccessfully treated with an increase 
in Rhythmol. On 7/9/01 mechanical cardioversion was 
successful, following an admission for same on 7/6/01 
that was abandoned due to elevated INR (10.7). This 
patient was also admitted to the hospital ER on 7/19/01 
with chest pain and an EP study revealed Atrial Flutter 
with variable heart block. This was reflected on the 
patient’s 3-month follow up Arrhythmia Event CRF. 
This subject completed the 12-month FU interval 
without further events. 
This patient entered the study with a history of 
intermittent hypertension, “seasonal asthma”, and 
hyperlipidemia but with an otherwise normal medical 
history. A report of pericarditis was documented for 
this subject prior to discharge. No other AEs were 
reported for this subject, but he was admitted to the ER 
on I0/08/0 1 for a successful medical cardioversion 
following a prolonged episode of AF beginning 9/25/01. 
The subject did report symptoms noted on 7/25/01, 
9/18/01, and 9/24/01 that could not be transmitted due to 
heart card battery failure. The subject continued in the 
study with no further symptoms and no further AEs 
through the 12 month assessment on 5/11/02. 
This patient was enrolled in the study with a history of 
mild asthma, AF, and previous EP study, no ablation. 
The patients weight is 290.5 Ibs. On 04/15/99 the 
patient complained of not being able to take a deep 
breath and numbness to right thigh. No SOB, CP, EKG 
normal, echo, normal, and CXR normal. This was 
reported as resolved on 04/29/99. On 7/23/99 the AE 
resolved. No sensory loss or motor loss. Patient has 
continued follow up visits and completed the study after 
24 months on 03/14/02. 
This patient enrolled in the study with history of AF and 
A flutter. After the procedure a hematoma to the right 
groin was seen after femoral lines were pulled out. An 
ULS was performed showing no pseudoaneurysm. It 
was determined that this was related to the procedure 
but not to the study device. The severity was listed as 
moderate. It was still present on 10/27/99, 11/18/99 and 
resolved 1/24/2000. Patient was receiving Coumadin at 
baseline, INR within range before procedure and post 
procedure patient was again placed on Coumadin 
through month 12. The patient completed follow up 
without further events and completed the study after 24 

~~ 
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Subj. LD 

111          

Procedure 
Date 

4/05/01 

AE 
Onset 
Date 

04/06/01 

4/11/01 

4/14/01 

510710 1 

6/11/01 

7/09/0 1 

8 /3 /01  
8/26/01 
813 1 /o 1 
813 1 /O 1 
9/05/01 

3/04/0 1 

?/17/01 

>/18/01 

)/20/0 1 

I 0/22/0 1 
I1/15/01 

AE Description and Outcome 

months on 1/23/02. 
This patient entered the study with a history of 
hypertension, anxiety and depression, and cholelithisasis 
with a cholecystectomy, as well as AF. The baseline 
EKG revealed “marked sinus bradycardia” and the 
baseline TEE revealed evidence of a very small, L to R 
shunt, but bubble study showed no evidence of R to L 
shunting and there was no evidence of thrombus in the 
LA or LAA, so it was not considered exclusionary. The 
subject’s pre-discharge EKG showed sinus bradycardia 
(04/06/01) and reports on the same date were made for 
right groin bleeding and back pain, pain and skin 
irritation of the coccyx. 
The right groin incision was cultured with staph., and 
reported resolved on 4/22 after course of Levaquin. 
The subject reported palpitations and was diagnosed 
with SVT that resolved on 4/16/01. 
At the one-month visit (05/07/01), the EKG revealed 
sinus brady and complaints of severe symptoms of chest 
pain, SOB, lightheadedness, fatigue and anxiety where 
the severity for these symptoms at baseline were 
minimal. 
Subject complained of increased lightheadedness. 
At the three month visit, subject reported chest pain 
during the stress test but had a normal EKG where there 
was sinus brady at post procedure discharge. 
Worsened fatigue 
Chest and abdominal pain that resolved on 9/01/01 
Worsened hypertension 
Sore throat that resolved on 9/07 
lough that resolved on 9/07 
lhest and Abdominal pain that resulted in 
iospitalization for perfusion scan and CXR. 
Upper respiratory Infection that resolved on 9/24/01 
thus dermatitis and headache. Dermatitis resolved on 
I1/26/01. 
4t what was treated as the 6 month visit, subject was 
,eported to be in sinus brady with an EF of 30% and a 
alight decrease in the severity of symptoms for chest 
jain, SOB, lightheadedness, fatigue and anxiety. 
Viral cold 
hxie ty  
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Subj. ID 

111          

Procedure 
Date 

1/19/01 

AE 
Onset 
Date 

1211 0/01 

12/12/0 1 

111910) 

7/20/0 1 

8/11/01 

8/20/01 

5/22/0 1 

>/03/01 

AE Description and Outcome 

Cardioversion (hospitalized) that was unsuccessful 
Eight months after Cardima RFA, subjects had AVN 
ablation and PPM. 
This patient entered the study with a history of sinus 
bradycardia, atrial tachycardia, intermittent 
lightheadedness and dizziness and atrial flutter. As is 
the practice with this site, any report of a health change 
was recorded as an adverse event, resulting in a report of 
a pre-procedure AE of “worsened lightheadedness”. 
The first post procedure event was an arrhythmia of 
inodcrate severit) that was reported to have occurred 
during the procedure. This event was determined by the 
investigator to have been not related to the study 
procedure. 
The day following the procedure, the subject reported 
three additional AEs of increased lightheadedness, a 
suelling right hand and generalized discomfort. This 
was reportedly resolved the same day. All ofthese AEs 
were determined by the investigator to be not related to 
the de\ ice, the latter two to be possibly related to the 
procedure and the increased lightheadedness to be 
unrelated to the procedure 

The subject reported a headache of moderate severity 
unrelated to either the device or the procedure. 

At the one-month follow up visit, this subject was 
shown to have sinus brady during the scheduled EKG. 
This was also reported as an AE of sinus bradycardia 
along n i t h  chest pain of moderate severity and 
determined by the investigator to be unrelated to either 
the device or the procedure. The chest pain was 
reported to have resolved the following day (8/21/01). 
Additional AEs were reported with an onset date of 
8/22/01 of endolymphatic hydrops of  moderate severity 
and sinus bradycardia. The former (hydrops) was 
reportedly resolved on 8/29/01 and determined by the 
investigator to be unrelated to either the device of the 
study procedure. 

Two more AEs were reponed with start dates of 9/03/01 
that were difficulty sleeping and fatigue, both of minor 
severity and unrelated to device or procedure. 
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Subj. ID 

I1           

I1          

Procedure 
Date 

2/13/01 

121 14/02 

AE 
Onset 
Date 

10/24/01 

1/3/02 

12/13/01, 
03/11/02 

02/14/02 

AE Description and Outcome 

At the 3 month interval, the subject again produced an 
EKG with sinus bradycardia. On 11/12/01 the subject 
was admitted with AF for a scheduled cardioversion 
with amiodarone, followed on 11/14/01 by a report of a 
“sensation of moving in slow motion” that resolved on 
11/20/01. 
On the subject had an AV node ablation and a 
pacemaker implant. This date is considered to be within 
the defined window for the 6 month assessment (6 
months+/-4 weeks), so the patient was not considered a 
treatment failure. In addition, the pre-existing 
bradycardia suggest this subject had a pre-existing 
condition that led to the pacemaker treatment. Further 
AEs following the pacemaker implantation and 
associated with that procedure were reported that ranged 
from clostridium difficile and intermittent stomach pain 
to continuing endolymphatic hydrops. This subject is 
continuing to participate in the study. 
This patient entered the study with a dual chamber 
pacemaker implanted and a history of CAD (NYHA 
Class I1 on 11/05/01), PTCA, MI, a moderately dilated 
LA (4.9-5.0cm) with moderate LV hypertrophy, 
hypothyroidism, and a cancerous tumor on the right 
arm. Prior to discharge AEs were reported of AF and 
defibrillator bums from the procedure. No AEs were 
reported at the 1 month visit, but the patient’s I-month 
EKG showed AF. At three months, a report of 
increased CHF with an NYHA Class 111 was recorded. 
The investigator determined that this event was due to 
pre-existing CHF and not the procedure or the device. 
The three-month echo showed a modest decrease in 
atrial dilatation, recorded as mild rather than moderate. 
The subject completed the 6 month follow up and is 
continuing in the study. 
This patient enrolled in the study with a history of AF, 
chest pain, mitral regurgitation, mild LV hypertrophy, 
headaches since childhood, sciatica, and CAD. The 
patient experienced back pain at the end of the 
procedure which was not device related, possibly related 
to the procedure and moderate in severity which 
resolved 02/15/02. On 02/15/02 the patient complained 
of sore throat and difficulty sleeping both considered not 
related to the device or the procedure. On 02/19/02 the 
patient was reported to have a right groin hematoma that 
was not related to the device but considered related to 
the procedure. This resolved on 03/08/02. Patient was 
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Subj. ID 

11          

Procedure 
Date 

)4/27/01 

AE 
Onset 
Date 

04/28/01 

AE Description and Outcome 

placed on Coumadin prior to discharge. The patient 
developed a new onset of A Flutter that was seen on the 
weekly transmissions on 03/11/02 and hypertension at 
the one month visit. On 03/21/02 the patient developed 
persistent AF and had an AVN and a permanent 
oacemaker imolanted on 03/28/02. 
This patient entered the study with a history of 
hypertensive heart disease and a prior FWA for atrial 
fibrillation three years earlier. One major complication 
was reported for this study subject that was determined 
by the investigator to be related to the procedure. The 
complication was an AV fistula reported prior to 
discharge that was successfully surgically repaired DD 

05/04/01 and patient was discharged home on 05/07/01. 
No further problems associated with this event were 
reported. However, in July, 2001 this study subject did 
report a change in breathing pattern, a non-productive 
cough and numbness in right thigh (at the incision site 
of the AV fistula repair). These were all reported to be 
mild in severity and, except for the incision numbness, 
not related to the investigational procedure. The 
Incision numbness was reportedly resolved on 7/19/01 
and the cough and breathing pattern change were 
reported to he resolved on 09/21/01. At the 6-month 
(10/23/01) and 12-month (03/12/02) intervals, the 
patient reported chest pressure and shortness of breath 
that the investigator determined to be not related to the 
study procedure (but likely due to the subject’s pre- 
existing hypertension). These symptoms were reported 
to be mild in severity and had not resolved at the last 
assessment interval. The subject continue study 
oarticioation. 

5. You provided summary data for all patients treated with your ablation system, 
including patients who were treated with non-investigational ablation devices, such as 
a cooled ablation catheter. Please provide clinical and statistical justiji cation for 
pooling these data. Your justification should include the effectiveness data assessment 
for the patients treated only with the investigational device and comparison with the 
group treated with both the investigational device system and other devices. Please 
explain why the patients who required treatment with a non-investigational device 
should not be treated as device failures. 

The clinical justification for pooling these data includes recognition that the 
conventional RF ablation catheters perform similarly in the creation of endocardial 
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Pt. ID 

         

         

RF lesions and Cardima has demonstrated that the lesions created with the 
NavAblator are similar to other 4mm RF ablation catheters (see M010005/M003, 
Appendix 11, page 368). 

In addition, the approved protocol was designed to investigate an ablation system that 
was to be used to create a set of lesions in the right atrium to treat atrial fibrillation. 
That system comprised the REVELATION Tx microcatheter, a guiding sheath (that 
has since been cleared under a 5 10(k), and, if necessary to complete the isthmus 
lesion, a “conventional” RF ablation catheter. Because creating a linear lesion at the 
isthmus line is a challenging task, given the irregular anatomy in that region of the 
atrium, it was expected that there may be a small number of patients whose anatomy 
would require an additional effort to achieve bi-directional block at the isthmus and 
the approved protocol provided for and permitted this additional effort (with a 
conventional RF ablation catheter. 

Table A-6 illustrates similar complication rates among those patients treated with the 
NavAblator and conventional RF ablation catheters and those who were treated 
entirely with the REVELATION Tx. In addition, Table A-7 illustrates similar 
outcomes in treatment success and episode reduction as well as baseline to six 
months changes in quality of life. Therefore, Cardima believes these clinical and 
statistical results are evidence that pooling the data for these devices is reasonable 
and justified. 

Clinical complications by device used to create the isthmus line are presented in 
Table A-6. Only acute complications are presented here because other, non-device 
related variables affect clinical outcomes beyond the peri-procedure period. 

The statistical and effectiveness assessments are presented in Table A-7. 

Table A-6 -Complications by Device used to Create Isthmus 

Major Complications 
(57 days) 

This Phase 111 pt. had pericardial effusion 
that required a pericardial window to drain. 
This Phase 111 pt. had a sinus node injury 
that “likely arose from lateral lesions near 
the SA Node. 

Device Used 

NavAblator Only 

REVELATlON Tx 
and NavAblator 

The two other Major Complications reported in this study occurred following 
procedures that did not include an isthmus lesion and so are not included in the table 
above. 
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Role Emotional 

Table A-7 
Treatment Outcome Results at Six Months Relative to Baseline’ 

by Device Employed to Create the Lesion at the Isthmus Line 

3.4 f 44.0 9.5 f 65.9 1 19.0f50.0 I 10.8f51.0 
Bodily Pain 7.4 f 21.7 5.1 f31 .6  I 5.3 *24.2 1 6.1 f 24.8 
General Health 
Vitality 
Social Functioning 

~ 

AFSS 

-0.7 f 17.8 2.6 f 18.1 1.7 f 14.9 1 .O f 16.7 
6.3 f 24.1 7.6 f 20.5 16.1 f 16.5 10.3 f 20.9 
1 1.2 f 24.8 8.8 f25.3 9.8 f 17.5 10.1 *22.1 

Mental Health 

I .  ’ Includes 2 subjects treated with REVELATION Tx and NavAblator. 

’ Six month value - baseline value; positive scores indicate improvement. These results do not include 8 subjects 

’ Patient treatment success, 50+% reduction in episodes, freqln, % 
’ mean + S D  

Includes 20 subjects treated with 
REVELATION Tx or NavAblator as well as “Other”. 

who did not have the isthmus line ablated 

2.5 f 22.5 -3.1 * 8.9 1 4.4f 19.9 I 1.9f 19.1 

The data presented in Table A-7, above, illustrate that the six-month success rate for 
subjects treated with the NavAblator at the isthmus line was 75%, well above the 
success criterion. Rates for the REVELATION Tx and Other miscellaneous devices 
were 94.1 YO and 92.9%, respectively. 

Overall clinically significant improvements (IO+ points) are evident for all AFSS 
parameters and the total AFSS score, and for four of the eight SF-36 domains, Le., 
role physical, role emotional, vitality and social functioning. However, there are no 
apparent consistent trends in the QOL results among the three different categories of 
this table. However, it should be noted that the differences observed may be random 
results from stratifjmg outcomes into subgroups (see: Yusuf, S. et al., Analysis and 
Interpretation of Treatment Effects in Subgroups of Patients in Randomized Clinical 
Trials. JAMA 266, No.1, p. 93-98, 1991). 

Episode Frequency 
Episode Duration 
Episode Severity 
AFSS Total 
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Finally, it is important to remember that the NavAblator is part of a system and is not 
meant to be approved as a “stand-alone” device. 

6. Your clinical trial includes many variables, such as different devices, different ablation 
procedures performed, and different study protocols for different phases of the 
investigation. Please provide a statistical justijkation for pooling the data generated 
by the trial, given these variables in the study. 

Cardima does not believe that the study protocols differed between Phase IIb and 
Phase I11 in ways that affect outcomes or data collected or analyzed, since the patient 
selection criteria, study objectives and endpoints all remained unchanged. Similarly, 
the different devices (for treating the isthmus line) were intentional and intended to 
be part of a “system”. The ablation procedures performed did not differ except that 
some lesions varied by patient, which is as it would be in normal clinical practice. 
The objective of creating the lesions was consistently the control of atrial fibrillation. 

Cardima does not believe that these small differences significantly impact the 
demonstration of safety and effectiveness. The clinical trial was designed to measure 
frequency of AF on a per patient basis with each patient acting as hisher own 
control. In addition, the study endpoints and hypotheses reflect highly objective and 
reliable clinical measures. For these reasons, Cardima believes that any potentially 
significant biases which could adversely affect data analysis are minimized and 
ostensibly overcome by the inherent robustness of the clinical trial design, which was 
based fundamentally upon the recommendations to FDA from the Circulatory System 
Advisory Panel meeting on July 22, 1998 regarding the design of clinical trials to 
support premarket approval applications for cardiac ablation devices intended to treat 
atrial fibrillation. 

Table A-8 presents a statistical overview of the primary outcome measures for this 
study by study phase. Overall, there are no striking differences nor evidence of 
trends of consistent modest differences between study phases. There are generally 
small and mixed differences between study phases for all of the Quality of Life (SF- 
36 and AFSS) parameters. One of the largest mean differences for subjects of the 
two phases was for role physical, but subjects from both study phases averaged 
clinically significant improvements. Both mean episode reduction and percentage 
successhl six-month episode reduction slightly favored Phase IIb subjects. 
However, this difference could also be the result of patient selection. 
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Table A-8 - Treatment Outcome Results at Six Months Relative to Baseline' 
by Study Phase 

Outcome I Phase IIb (n=31) I Phase 111 (n=46) I Total (n=77) 
Success2 1 28/31 (90.3%) I 37/46 (80.4%) 1 65/77 (84.4%) 

' 
' mean + S D  

Six month value - baseline value; positive scores indicate improvement 
Patient treatment success, So+% reduction in episodes, fieqln, % 

December 30,2002 Confidential Volume 1 Page 18 



Cardima, Inc. PMA #P020039/A001 

7. The secondary effectiveness endpoint ofyour clinical trial was improvement in quality 
of li$e (QOL) as measured by two instruments, the SF-36 and the Atrial Fibrillation 
Severity Scale, and measured at baseline and at various post-treatment time points. 
You provided the mean scores and standard error for the instrument scores at baseline, 
three month and six month follow-up. Please provide the number ofpatients who 
achieved a clinicalb significant improvement or worseningfrom baseline to the six 
month follow-up for the total group and for the subgroups ofpatients stratified by 
baseline episode rate. Please explain in detail how the QOL questionnaires were 
administered. Also, please address adjustment for placebo effect, given that the 
clinical study was consisted (sic) of a single arm and was unblinded. 

The number of patients who achieved a clinically significant improvement or 
worsening from baseline to the six-month follow-up stratified by baseline episode 
rate and for the total group is presented in Table A-9 and Table A-10, respectively. 

Table A-9 provides the frequencies and percentages of subjects with six-month 
clinically significant improvements in QOL parameters according to baseline episode 
frequency category. Overall, at least 40 percent of the subjects had clinically 
significant improvements for four of the eight SF-36 domains, such as, role physical, 
bodily pain, vitality, and social functioning. The overall range of percentages of 
subjects with clinically significant improvement across the eight domains was 29.2% 
to 53.4%. More pronounced yet, at least 40 percent of the subjects had clinically 
significant improvement for all three AFSS component measures and for the total 
AFSS score with the largest percentages for episode frequency (60.3%) and episode 
seventy (58.8%). There are generally small and mixed differences among categories 
for all of the quality of life (SF-36 and AFSS) outcomes. There are no striking 
differences, nor evidence of trends of consistent modest differences, among 
categories of baseline episodes in the results of this table. 
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10-19 2ot  
episodes Scale ( f v h  %) (fredn, %) (freq/n, %) (freq/n, %) 

episodes Measurement 3-4 episodes 5-9 episodes Total 
(freq/n, %) 

Episode Severity I 13/19,68.4 I 15/29,51.7 I 8/13, 61.5 I 4/7, 57.1 I 40/68, 58.8 
AFSS Total I 8/16, 50.0 I 13/25, 52.0 I 6/11, 54.6 I 5/7, 71.4 I 32/59, 54.2 

In contrast to above, the Table A-10, below provides the frequencies and percentages 
of subjects with six-month clinically significant decreases in QOL parameters 
according to baseline episode frequency category. The percentages of subjects 
overall with clinically significant decreases in QOL are small, ranging 11.0 to 33.3 
for the SF-36 domains and all being less than 20% for the AFSS measures and total 
AFSS score. Because of the small numbers of subjects with clinically significant 
decreases generally, it is difficult to assess these results for evidence of trends of 
consistent differences among categories of baseline episodes. 
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Episode 4/16,25.0 
Frequency 
Episode Duration 2/16, 12.5 

2/26,1.7 3/14,21.4 0/7, 0.0 9/63, 14.3 

5/25,20.0 2/12, 16.7 1/7, 14.3 10/60, 16.7 
Episode Severity I 3/19, 15.8 I 6/29,20.7 I 3/13,23.1 1 1/7, 14.3 I 13/68, 19.1 
AFSS Total I 2/16, 12.5 1 3/25, 12.0 I 3/11, 27.3 1 017, 0.0 I 8/59, 13.6 

Cardima believes that obvious or subtle potential placebo effects are minimized, 
especially when comparing differences in pre- vs. post- procedure QOL measures. 
However, to explore the possibility of a placebo effect on episode reduction and to 
investigate the internal validity of all of these measures, we have statistically 
characterized and evaluated possible associations between and among QOL outcomes 
and change in frequency of AF. 

Table A- 1 I ,  below provides all possible pair-wise Pearson correlation coefficients 
among all QOL parameters and episode reduction. 

Virtually all of the correlation coefficients of this table are positive and the few 
negative coefficients do not exceed -0.10. Over one-half (43) of the 78 correlations 
in this table are significant at 0.05, and many (32) are significant 0.01. Twelve of the 
correlations are highly significant, p<O.OOOl. Most importantly, six-month decreases 
in episode frequency were significantly and directly associated with improvements in 
total AFSS score and AFSS past three-month episode frequency, and SF-36 domains 
of vitality and general health. Improvement from treatment may perhaps be observed 
not only in episode frequency reduction, but also in reductions in AFSS episode 
duration and severity. Thus, also of note might be the significant associations 
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Bodily Pain 

General 
Health 

Vitality 

Social 
Functioning 

Mental 
Health 

between AFSS episode duration and Role Physical and Role Emotional, and episode 
severity and role emotional and mental health. The total AFSS score change at six 
months relative to baseline was also significantly and directly correlated with SF-36 
changes in the domains of Role Physical, Role Emotional, Vitality, and Mental 
Health. These findings support the internal validity and general positive outcomes of 
this study. 

Table A-11 - Pearson's Correlation Coefficients for Baseline to 6 Month Change in 
SF-36, AFSS, and Number of Documented Symptomatic Episodes 

(coefficient, p-value, n) 

0.002 0.13 0001' 
74 78 76 

0.36 0.45 0.34 0.35 
0.002 0001* 0.003 0.002 

72 76 74 77 
0.36 0.56 0.50 0.32 0.44 
0.002 0001' 0001* 0.005 0001' 

73 77 75 78 76 
0.19 0.33 0.43 0.31 0.30 0.45 
0.10 0.003 0001' 0.006 0.007 0001' 
73 77 75 78 77 77 

0.15 0.33 0.34 0.15 0.42 0.55 0.29 
0.22 0.003 0.003 0.20 0.001 OOOI* 0.012 
73 77 75 78 76 77 77 

0.09 0.20 0.04 0.03 0.16 
0.49 0.11 0.16 0.81 0.20 Episode 

Frequency 
0.33 0.19 0.32 
0.007 0.14 0.008 

Episode 
Duration 

Episode 
Severity 

AFSS Total 

Episode 
Change 

*=p< 0.0001 

63 1 65 I 64 I 66 I 64 I 65 I 65 I 66 I I I I 
0.11 1 0 . 2 8  1 0 . 3 7  1 0 . 1 7  1 0 . 2 2  1 0 . 1 9  1 0 . 2 6  1 0 . 1 9  1 0 . 3 6  I 
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Finally, although the number of six-month failures available for statistical 
comparisons is small (n=12), Table A-12, below is presented to show that patients 
who were considered treatment successes at six months also tended to have higher 
percentages with clinically significant improvements for the SF-36 and AFSS quality 
of life measures. 

Table A-12 - Six Month SF-36 and AFSS Clinically Significant Improvement 
(increase by 10+ points) by Episode Reduction Success 

Quality of Life questionnaires were administered by the study coordinator for each 
site at the time of the scheduled assessment interval visit that required a QOL 
assessment. The questionnaires were distributed to the subject and generally were 
completed at that visit. Some patients requested the opportunity to complete the 
questionnaires from home because they were too fatigued from the stress test to 
complete the form. If the subject did not mail in the form, the coordinator would 
complete the form for the patient in a telephone interview where the subject was 
asked for the answer to each question. 

The data from the completed questionnaires were entered into the Cardima database 
by independent data entry personnel and the results evaluated by contract 
biostatisticians. 
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In summary, Cardima believes that it is highly unlikely that placebo effect could be 
attributable for the positive results of this study given the magnitudes, statistical and 
clinical significance, and broad range of effects observed in these subjects. 

8. The acute procedural endpoint was droppedfrom the clinical trial protocol between 
phases IIb and Ill.  Please explain how the investigators in phase I l l  determined when 
they had produced effective lesions. Please clarify whether you intended the ablation 
procedure to be strictly anatomically based. Please explain whether you intend to 
recommend measurement of bi-directional block to assess the adequacy of the tricuspid 
isthmus ablation line. 

The acute procedural endpoint for this study was the same in both Phase IIb and in 
Phase 111. That endpoint was described as 

Demonstration of at least one of the following conditions at the line(s) of ablation 
during sinus rhythm: a) reduction in the amplitude, fragmentation or widening of 
local electrograms; b) appearance of split potentials; or c) increase in pacing 
threshold. 

The measurement of pacing thresholds (c) was eliminated between Phase IIb and 
Phase I11 because of the increase in fluoro time required to accomplish that 
measurement. Electrogram evaluations (a and b) remained in tact consistently 
throughout both phases of the study. 

While this procedure is generally intended to be an anatomical procedure and 
investigators look for a decrease in electrogram amplitudes to determine if they have 
an effective lesion and, at the isthmus line, they look for electrogram changes such as 
split potentials, the organization of atrial signals upon delivery of linear lesions, or 
assess bi-directional block. 

However, the formal measurement of bi-directional block at the isthmus line requires 
the use of a coronary sinus catheter or Halo type catheter. Cardima will recommend 
the use of one or the other, rather than exclusively one, to be consistent with clinical 
practice. 
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9. The primaiy effectiveness endpoint of the trial was decrease inj?equency of airial 
fibrillation episodes fLom baseline to 6 months follow-up. This was assessed by 
transtelephonic event recordings which were described as “mandatory” weekly in 
months three and six. This is not described in the investigational protocol. Please 
provide an assessment of compliance with the transtelephonic recordings per patient. 
Explain whether any other method was established and used to determine ifpatients 
were having symptoms not reported. 

Patients were followed by the event monitoring service for compliance. A patient 
who failed to transmit a weekly recording was contacted directly by the monitoring 
service and a transmission was requested. Hard copies of the transmission records 
were forwarded to both the investigational site and to Cardima. Based upon the 
transmission records and the reports of the study monitors, compliance with 
transmission was generally good. 

Most importantly, six-month decreases in episode frequency were significantly and 
directly associated with improvements in total AFSS score and AFSS past three- 
month episode frequency and SF-36 domains of vitality and general health, adding to 
face validity of these findings reported in response to deficiency #5, above. 
Improvement from treatment may perhaps be observed not only in episode frequency 
reduction, but also in reductions in AFSS episode duration and severity. 

In addition to weekly transmissions, patients may report symptoms during office 
visits and any such symptoms are recorded at each assessment interval on Case 
Report Forms (e.g., CRF# 3 1 and 32, Arrhythmia Events, which also collect data 
regarding hospitalization for cardiac arrhythmias) and on the AFSS Quality of Life 
Questionnaire at 3 months and 6 months. 

10. Please provide details of the baseline monitoring periodper patient. This should 
include number of recorded events and their electrocardiographic diagnosis, such as 
sinus tachycardia, atrial fibrillation, etc. Please add the calculation of the percentage 
of recordings per patient that were diagnosed to be atrial fibrillation. 

These details are represented by source documents for data that has been collected, 
verified, and reported on the Case Report Forms (CRFs) for this study. The source 
documentation is extensive and complex. The details of episode frequency 
monitoring at any interval are derived from records from the cardiac event 
transmission monitoring service. For both Phase IIb and Phase I11 heart cards, 
portable cardiac event monitoring devices are used to record symptoms. When those 
symptoms are transmitted telephonically to the monitoring service, the electrograms 
are recorded electronically and the resulting electrocardiogram strips are reviewed for 
evidence of cardiac irregularities. These strips are also annotated to include verbal 
reports of symptoms from the caller at the time of transmission. The technical staff 
of the monitoring service makes an interpretation of the nature of the cardiac event at 
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the time of the transmission and these results are entered into the electronic database 
maintained by the service. Hard copies of the reports with the interpretation are 
forwarded to both the site and the sponsor. 

In addition, the transmitted electrograms are reviewed and confirmed by the 
monitoring service’s staff cardiologist. The cardiologist issues a separate report and 
creates a separate record of hisher interpretation of the strips. A hard copy report of 
this separate interpretation is forwarded to both the site and the sponsor. Generally 
the cardiologist’s interpretation and the technician’s interpretation agree. On those 
occasions when they disagree, the cardiologist’s interpretation takes precedent, but 
the new interpretation is not incorporated into the electronic database maintained by 
the monitoring service. 

The number of recorded events that are “diagnosed” electrocardiographically by the 
as AF is documented on the CRF for Arrhythmia Events (e.g., CRF #31). Part of the 
data verification performed by the clinical research coordinator at each site and by 
the sponsor’s monitors is to confirm that the information recorded on CRFs correlates 
exactly with the data reported by the event monitoring service. 

This practice provides considerable assurance that the records accurately reflect the 
data collected by the event monitoring service. 

However, during this investigation, Cardima changed monitoring services. Thus 
there are two different sources and types of electronic records, one of which has been 
“frozen” so that the data cannot be copied or manipulated to re-tabulate or re-format. 
The second monitoring service had a “crash” of its computer system resulting in the 
loss of record for two patients, but not until after the hard copy had been forwarded 
to Cardima and the investigational site. 

In addition, there was one patient whose baseline records include one 
electrocardiogram collected from a 12-lead EKG done during a hospital visit that 
occurred during the baseline monitoring period. 

Consequently, in order for Cardima to provide the details requested and conduct a 
calculation on the percentage of transmissions that resulted in atrial fibrillation 
episodes diagnoses per patient, multiple data sources, including paper records must 
be compiled and tallied. This effort is under way but will require considerable 
resources and additional time. The final results will be forwarded under separate 
cover in the coming weeks. 
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1 I .  Based on our review ofyour clinical summay, it appears that you included the 11 
patients who withdrewffom the study afrer having an ablation procedure in your 
assessment of effectiveness. Please justlfv using this approach, especially for the 6 
patients who were subsequently treated with apacemaker and the 2patients who had a 
MZEprocedure afrer the ablation procedure. Please provide the identifier numbers 
for these patients and the details of their treatment in your eflectiveness assessment. 

The procedural effectiveness is primarily assessed based upon atrial fibrillation 
outcome. Patients who were subsequently treated with a pacemaker following AV 
nodal ablation for atrial fibrillation would be included in the effectiveness assessment 
for any assessment interval that occurred prior to their withdrawal from the study. 
Each effectiveness assessment interval necessarily excluded any patient who had 
withdrawn from the study at or before that interval. 

In this regard, of the 11 subjects listed in the Original PMA submission (P020039), 
five (5) subjects did not withdraw from the study until after the 6 month follow up 
interval and, therefore, would be included in an effectiveness analysis at all FU 
intervals. Four (4) other subjects withdrew after the 3-month FU interval and would 
have been included in the effectiveness analysis for the 3-month interval. The 
remaining two withdrew before the 3 months interval and would be excluded from 
both the 3-month and the 6-month intervals. Therefore, none of these subjects was 
included in the pivotal six-month effectiveness analysis. 

One of the five subjects who withdrew after the 6 month FU, had a pacemaker 
inserted for apparent sick sinus syndrome, not atrial fibrillation. Because a 
pacemaker does not control atrial fibrillation this patient continued in the study along 
with eight (8) other patients who qualified for study entry with pacemakers already in 
place. 

It must be noted that the Original PMA submission (P020039) contained an error in 
its listing of subjects who withdrew from the study. Table F-1 1, on page 59 in 
Volume 7 of that submission, listed               ts who withdrew because of pacemaker 
insertions. One of those was subject             This should have been identified as 
            did not withdraw from the study because ofpacemaker insertion and, as of the 
date of this submission, the reason for withdrawal is unknown. 

Table A-13 presents these 11 study subjects by their identifiers, date indication for 
pacemaker insertion and study status. 
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Table A-13 - Subject Withdrawal by Study Interval. 

’ 12-monthFU * 6-monthFU ’ 3-monthFU 
‘ I-month FU, (procedural outcome determined to be L‘success’’) 

Not Included in effectiveness analysis at any time point 

12. You provided a list of all the adverse events reported by the investigators, arranged 
alphabetically by adverse event. Please provide a list of adverse events grouped by 
patient. 

Listing of AEs that were reported by the sites as “possibly” or “probably” related to 
either the device or the procedure by Pt ID are provided in Table A-1 5 ,  Appendix A- 
1. All reported AEs regardless of relationship to device or procedure are included as 
part of the clinical update in Table F-58, Appendix F-1. 

13. Table F-18, page 64 ofyour submission, shows the baseline number ofsymptomatic 
atrial fibrillation episodes that occurred in the patient population of your study. It 
appears that there may be two groups ofpatients, grouped around 3-4 episodes per 
month and again at 10-19 episodes per month. FDA is concerned that this bimodal 
distribution may represent a difference in the patient S disease process. Please just& 
the pooling of all these patients. 

As illustrated in Table A-14, below, there is no apparent trend in treatment success 
according to baseline episode frequency category. As requested, for purpose of 
examining subject outcome according to number of baseline episodes, we have 
grouped baseline episodes into the following categories: 3-4,5-9, 10-19,20+. 
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Of the subjects with six-month episode data, nearly one third (23/77,29.9%) of the 
subjects had 10 or more symptomatic episodes during the 30-day baseline 
monitoring, with somewhat similar percentages of subjects having fewer than five 
episodes (23/77,29.9%) and 5-9 episodes (31/77,40.3%). 

The results below for baseline to six-month changes do not indicate any apparent 
trends in outcome related to baseline episode frequency category except for episode 
reduction, where subjects with higher numbers of baseline episodes had larger 
reductions in number of episodes and larger improvements in vitality, and A F S S  
three month episode frequency in the three months prior to the six-month visit. 
These associations are not unexpected because patients with more serious health 
conditions are eligible for greater improvements. Also, it should be noted that the 
differences observed may also be, to some degree, random results from stratifying 
outcomes into subgroups (see : Yusuf, S. et al. Analysis and Interpretation of 
treatment Effects in Subgroups of patients in Randomized Clinical trials, JAMA 266, 
NO. 1, p. 93-98, 1991.). 
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Table A-I4 -Treatment Outcome Results at Six Months Relative to Baseline' 
by Baseline Episode Frequency 

I 3.1f0.9 I 4.1+4.1 1 10.9i4.6 Episode 
Reduction3 

Total' 

32.6 i 13.2 7.8 f 9.8 

' Six month value - baseline value; positive scores indicate improvement 

' mean + SD 
Patient treatment success, 50+% reduction in episodes, freqin, % 

Does not include 5 subjects with ambiguous number of baseline episodes. 

Figures A-1 and A-2 illustrate the results summarized in Table A-14. 

December 30,2002 Confidential Volume 1 



Cardima, Inc. PMA #P020039/A001 

Treatment Success at Six Months 
by Baseline Episode Frequency 

3-4 5-9 10-19 20+ 
Baseline Episode 

Frequency per Month 

Figure A-1, Treatment Success at Six Months by Baseline Episode Frequency 

Episode Reduction at Six Months 
by Baseline Episode Frequency 

20+ Y 

0 10 20 30 40 
Mean Number of Episodes 

Figure A-2, Episode Reduction at Six Months by Episode Frequency 
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14. While 80patients (as required by sample size process) have been followed for six 
months, the remaining 19 enrolled have not. Allpatients enrolled in the study should 
have been followedfor at least six months. Please submit an updated clinical report 
that includes study results from these addition (sic) 19patients. 

Cardima continues to enroll patients in this study so all patients enrolled in the study 
will not have been followed for 6 months until 6 months after enrollment stops. 
However, an updated report of the clinical data submitted with the original PMA, 
including results from all treated patients and baseline and all available procedural 
data from 18 additional patients treated since the data were compiled for the original 
PMA are included with this submission as Appendix 3, Volume 2. 

15. The adequacy of the sample size of80patients depends on the clinically suficient 
narrowness of the 95% confdence intervals for the obsewedparameter estimates. 
Please provide clinical justification. Were a priori acceptable differences from the 
estimates established during the sample size estimation process to assure suficiently 
narrow confdence intervals? 

At the suggestion of FDA CDRH biostatistical staff (Dr. Gary Kramer), confidence 
intervals were employed to illustrate the adequacy of the sample size by providing a 
clinically acceptable range of precision. As the ultimate success rate was unknown, 
success rates of 4O%, 50%, (most conservative, largest SE) and 70% were used to 
predict the standard errors of the success rate estimates. These standard errors were 
0.055,0.056 and 0.051 respectively. These values were deemed to be clinically 
acceptable degrees of precision for estimating treatment success. This success rate 
was defined as the percentage of patients with a clinically meaningful percentage 
reduction (Le., 75% for 3-4 baseline episodes, 50% for 5+ baseline episodes). It is 
also important to recognize that statistically significant improvements in outcome 
were generally realized to a high degree of statistical significance for the primary 
outcome of episode reduction and for many of the quality of life measures. 

The achieved sample size is actually 25% greater than originally targeted, and the six- 
month success rate of 85.4% is higher than expected. The standard error for this 
success rate is 0.039, approximately one-third better than the possible standard error 
of 0.056 that was considered clinically acceptable at the inception of Phase 111. The 
95% confidence interval for the success rate at six months in the updated clinical 
section is 76.1%, 91.4%. 

We believe that these effectiveness results are consistent with the guidelines 
established by the Circulatory System Devices Advisory Panel at its meeting on July 
22, 1998. Specifically, the Panel recommended to FDA that demonstrating a 75% 
reduction in the frequency of symptomatic AF episodes should be considered a 
clinically meaningful improvement in patient outcome. 
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At that same meeting, the Panel determined that there was not an appropriate control 
group that would allow for an ethical or feasible clinical trial design (Le., 
randomizing to antiarrhythmic drug therapy was considered impractical because 
patients considered for enrollment were already supposed to have failed at least 2 
such drugs). As a result, the Panel recommended that it would be necessary for a 
sponsor to qualitatively evaluate device safety in relation to device effectiveness by 
using a rismenefit approach rather than a quantitative approach. 

16. It is unclear that the paired t-tests were performedproperly; data should be paired 
based on patient, not number of episodes. Please eitherjustih your analyses or 
provide revised analyses based on data paired by patient. 

In all determinations of statistical significance the paired values within individual 
subject were indeed employed. Further, the actual mean paired differences at three 
and six months for number of symptomatic episodes have been added to the 
narrative. Pairing of baseline and follow up values for study outcomes is a 
fundamental feature of this study design, provides a measure of “control”, and 
improves statistical power. 

Statistical significance values for change in QOL and number of episodes at three and 
six months are derived using the baseline and follow up outcome results paired 
within individual subject employing the paired t-test. This clarification has also been 
included in the updated clinical section, Appendix 3, Volume 2. 

17. Please provide descriptive and inferenrial analyses by clinical site. Also, provide 
appropriate analyses by patient demographics. 

Tables A-1 5 and A-16, below provide the six-month treatment outcomes by gender 
and age group. Overall, there are no striking differences or evidence of trends of 
consistent differences between groups in the results of these tables. The differences 
observed between genders or age groups may be random results from stratifying 
outcomes into subgroups (see: Yusuf, S. et al. Analysis and Interpretation of 
treatment Effects in Subgroups of patients in Randomized Clinical trials, JAMA 266, 
NO. 1, p. 93-98, 1991). 
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Table A-15 - Treatment Outcome Results at Six Months Relative to Baseline' 
by Gender of Subject 

I SF-36 I I I I 

' Six month value - bueline \due; positi\e scores indicate improvement ' Patient treatment success, SO-% reduction in episodes. frcqln, YO 
'mean ~ S D  

Does not include 5 subjects with ambiguous number of baseline episodes. 
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Outcome 
Success* 
Episode Reduction' 

Table A-16 - Treatment Outcome Results at Six Months Relative to Baseline' 
by Age Group of Subject 

Age 5 50 (n=20) Age > 50 (n=57) Total (n=774) 
18/20 (90.0%) 47/57 (82.5%) 65/77 (84.4%) 

9.0% 11.4 7.4 f 9.2 7.8 f 9.8 

Physical Functioning I 11.8i 16.6 5.9 32 20.2 7.4 i 19.4 
1 Role Phvsical 1 25.0*38.0 1 20.7i45.2 1 21.8f43.3 1 
Role Emotional 
Bodily Pain 
General Health 
Vitality 
Social Functioning 
Mental Health 

23.3 i 55.2 7.7 f 48.0 11.8f50.1 
8.1 f 29.9 6.6 f 23.0 7.0 i 24.7 
3.4 f 14.7 0.6 f 16.8 1.3 f 16.3 
15.2 i 22.9 9.6 f 20.4 11.0 f 21.0 
10.5 f 20.9 11.4 f 23.5 11.2f22.8 
11.4 f 24.5 -0.8 i 15.2 2.3 f 18.6 

Episode Frequency 
Episode Duration 
Episode Severity 
AFSS Total 
' Six month value- baseline value; positive scores indicate improvement 

' mean f SD ' Does not include 5 subjects with ambiguous number of baseline episodes 

Patient treatment success, 50+% reduction in episodes, freqln, % 

19.4 f 28.6 20.0 f 29.8 19.8 i 29.3 
13.4f30.1 11.5 f 32.4 12.1 f31.6 
25.1 f 33.3 15.4f31.1 18.0 f 31.7 
17.2i221.4 14.4 f 22.6 15.2 i 22.2 

In addition to gender and age group, the statistical analysis output from SAS 
programs for the same outcomes of these tables by investigational site is provided in 
Table A- 21, Appendix A-1 , Volume 1. 

Confidential Volume I Page 35 3 7  December 30,2002 



rard imn Inc. PMA #P020039/A001 

18. Please address the following issues related to the Customer Experience Reports, 
supplied in Table F-43, page 11 1 in Volume 1 of the PMA: 

a. You report ID 2002000261, which occurs on both pages 11 7 and 118 at two 
different cites (General Hospital Center at Passaic and Inova Fairfmc Hospital). 
This suggests that the ID numbers are not unique to a specific event or procedure. 
Please describe how these Customer Experience Reports IDS are identified and 
tracked. 

Cardima's customer experience ID numbers are unique and are established in 
consecutive order from the first report, prefaced by the year in which the report 
was received. That is, report ID# 2002000261 is the 261"report ever received at 
Cardima and it was received in the year 2002. The report numbers listed on page 
11 8 reflect a typographical error duplicating the reports listed on page 11 7. The 
correct report ID#s for those reports listed on page 1 18 have been entered and the 
revised Table F-43 from page 118 is presented below as a new Table A-17. 

b. For the reports that generated corrective actions, please confirm that these 
corrective actions were implemented. Please also confirm whether the 
manufacturing module (M004) reflects the updated processes containing the 
corrective actions. Finally, please provide a cross reference that calls out where 
the corrective actions are implemented in the manufacturing module. 

Reports that generated corrective actions are listed in Table A-18. All corrective 
actions listed have been implemented and were implemented prior to the 
submission of M004. 

The Manufacturing Module (M004) reported the name and number of the 
documents used in the manufacturing processes. However, the contents of those 
documents and the details of the processes themselves are not represented in 
detail by the documents included in M004. MOO4 presented Level I1 documents 
and manufacturing processes are largely Level 111 and Level IV documents. The 
identify of those documents was represented in M004, but not the revision level 
or the details of their contents. Therefore, the contents of the manufacturing 
module would not change based upon the changes resulting from any corrective 
actions affecting them. 
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Table A-18 Customer Experience Reports That Resulted in Corrective Actions 

Report ID # 

1999000090; 
1999000093; 
1999000094 

1999000091 and 
may have also 
included 
1999000090 

19990001 13; 
1999000123 

D e s c r i p t i o n  

REVELATION Tx 
“sticks” inside Naviport 

Coagulum formed on 
electrodes on ablation 
catheter 

Electrode wire failures 
on ablation catheter 

Corrective Action 
Manufacturing process for 
REVELATION Tx catheter updated to 
“re-flow” THY to assure more robust 
integration of laminate to catheter shaft 
This was considered to be a training 
issue regarding the gradual increase of 
FE temperature during EP ablation to 
minimize coagulum. This training was 
incorporated into all new site 
initiations as sites were added, but at 
the time of this report, there were only 
3 investigational sites, so no further 
action was taken. 
Improve post-soldering cleaning 
process to assure no process residuals 
remain that could corrode wires. 
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  AGENDA
  CIRCULATORY SYSTEM DEVICES PANEL
 May 29, 2003
                      
Gaithersburg Holiday Inn, Walker/Whetstone room, 2 Montgomery Village Avenue, Gaithersburg, 
MD      
9:00 – 5:00     PMA Discussion, Recommendations, and Voting

 
9:00 a.m.                        Call to Order                         Warren K. Laskey, M.D., Acting 
Chairperson
 
9:05 – 9:30a.m.                        Office of Surveillance and Biometrics Presentation
                        “Diathermy Interactions with Implanted Leads and Implanted Systems with 
Leads”
                        Marian Kroen, OSB/Issues Management Staff
 
9:30 – 10:00 a.m.                         *Open Public Session*
 
10:00 – 11:00 a.m.            Sponsor Presentation:  Cardima, Inc.
                        P020039, Revelation Tx & NavAblator Catheter System
 
11:00 – 11:15 a.m.                        Questions and Answers
 
11:15 – 11:30 a.m.                        Break
                        
11:30 – 12:30 p.m.                        FDA Presentation
 
12:30 – 12:45 p.m.                        Questions and Answers
 
12:45 p.m.       Adjourn – Break for Lunch
 
1:45 – 2:45 p.m.                            Call to Order                                  
 
2:45 – 3:45 p.m.                            Open Committee Discussion                                      Warren K. 
Laskey, M.D.
 
3:45 – 4:00 p.m.                            Break
 
4:00 – 5:00 p.m.                                  *Open Public Session*
                            FDA Comments
                        Sponsor Comments
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AGENDA

                        Recommendations & Vote                               Warren K. Laskey, M.D.
 
5:00 p.m.                        Adjourn

 
 

OPEN PUBLIC HEARINGS*
Interested persons may present data, information, or views, orally or in writing, on issues 
pending before the committee.  

 
Ms. Wood will present the speakers who have requested time for presentation to the Panel.  
After the scheduled speakers have spoken, the Chair may ask them to remain if the committee 
wishes to question them further.  Dr. Laskey will recognize unscheduled speakers as time 
allows.
Note: Only the Chair and members of the Panel may question speakers during the open public 
hearing.
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f ~~DEPARTMENT OFBHEATH &HUMAN SERVICES Public Health Service'4 . ~~~~~~~~~~~~~~~~~~~~~~Food and Drug Administration
9200 Corporate Boulevard
Rockville MD 20850

Ms. Marianne E. Baldwin
Vice President, Regulatory, Clinical, Quality
Cardima, Inc.
47266 Benicia Street
P.O. Box 14172
Fremont, CA 94538

Re: P020039
REVELATION® Tx Microcatheter with NavAblator Ablation System
Filed: September 23, 2002
Amended: November 6, 2002. January 16 and March 7, 2003)

Dear Ms. Baldwin:

The Center for 1)evices and Radiological Health (CDRI I) of the Food and Drug Administration
(FDA) has completed its review Of your prernarket approval application (PMA). The CirculatoryN
System Devices Panel, which also reviewed your PN4A, recommended to CDRl-I at the May 29.
2003, panel meeting that the PMA be considered not approvable. We regret to informl you that
CDRIH concurs and has determined that your application is not approvable based on thle
requirements of 21 CFR 814.44(t), which also requires FDA, where practical, to identify
measures necessary to make the PMA approvable. Accordingly. to place your PMA in
approvable form, you must amend your PMA to include the following:

I We believe that the clinical evidence provided in this PMA application does not demonstrate
a reasonable assurance of safety or effectiveness as described in 21 CFR 860.7(d-e)
respectively. Specifically, we note the followinoz issues which need to be addressed with
respect to the submission and analysis of clinical data submitted in this application:

a. The clinical study lacked anl accurate measurement of effectiveness endpoints, due to
the followingz confoundingz factors:

i.Failure toasrepten opliance \\vith thle measuring tasuepietc tooI used to collect data to
evaluate the effectiveness endlpoint: and

ii. Failure to clearly define a method to determine if'symptomnatic episodes reported
by the patient represented discrete episodes of atrial fibrillation.
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b. The clinical study lacked a consistently defined acute procedural endpoint that would
allow assessment of effectiveness of the device system and provide a basis for
developing instructions for use.

c. The clinical study lacked complete adherence to the investigational protocol by all
investigators at all investigational sites, with respect to:

i. performance of the same ablation procedure with the investigational device; and

ii. initial attempted use of the investigational device system catheters only.

d. The clinical study results were potentially biased by changes to patient antiarrhythmic
medications.

e. The clinical study did not contain careful characterization of the study population in
terms of the pre-existing co-morbidities, such as sinus node function, which made it
difficult to evaluate the effects of the ablation procedure on key patient parameters.

f. The lack of a control arm made the trial vulnerable to biases and artifacts, such as
placebo effects.

We recommend that you schedule a meeting with us to discuss how these issues will be
addressed in a future submission.

2. In Module 3 of the PMA submission, you provided a report of lesion comparison testing
which was designed to demonstrate that the NavAblator-iM creates lesions that were similar
in depth and degree as legally marketed ablation catheters used in the clinical study. This
bench testing did not include ample number of legally marketed (4 mm) radiofrequency
ablation catheters. As previously outlined in an email set on May 6, 2003, please provide
the test results analysis from your catheter comparison testing with the appropriate sample
size, which demonstrate the equivalence of the lesions created by the subject device and
legally marketed catheters used in the clinical Study.

3.Please address the following with respect to the Customer Experience Reports described in
P020039/A002, Volume 1, pages 37-38, Volume 2, pages 81-89, Table F43:

a. This table documents several electrical and cable failures, as well as coagulum
formation. Please provide a detailed explanation of how you plan to address or mitigate
these failures in order to ensure appropriate catheter performance during actual use.

b. This table documents several reports of the dc-lamaination of THV. The rationale to
address this issue is insufficient because you have not provided a reasonable
explanation on how you plan to ensure the inanufaCturability and quality assurance of
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your catheters. Please provide a detailed explanation of how you plan to mitigate the
de-lamination of THV in order to ensure the reproducibility and manufacturability of
your catheters.

4. In Module 4 of the PMA submission, you provided incomplete documentation in order to
support a 3 year shelf life for your devices. In the report, you indicate that aged samples
failed tests and that tests should be repeated on samples having the corrective actions.
However, no data were submitted on these samples. Please provide this documentation.

The deficiencies identified above represent the issues that we believe need to be resolved before
our review of your PMA application can be completed. In developing the deficiencies, we
carefully considered the statutory criteria as defined in Section 515 of the Federal Food, Drug,
and Cosmetic Act for determining reasonable assurance of safety and effectiveness of your
device. We also considered the burden that may be incurred in your attempt to respond to the
deficiencies. We believe that we have considered the least burdensome approach to resolving
these issues. If, however. you believe that information is being requested that is not relevant to
the regulatory decision or that there is a less burdensome way to resolve the issues, you should
follow the procedures outlined in the "A Suggested Approach to Resolving Least Burdensome
Issues" document. It is available on our Center webpage at:
http://www.fdai.ov/cdrh/modact/lcastburdensome.}tml

This is to advise you that an amendment including the above requested information will be
considered a major amendment and may extend the FDA review period up to 180 days. As
provided by 21 CFR 814.37(c), you may decline to submit a minaor amendment requested by
FDA in which case the review period may be extended for the number of days that elapse
between the date of such request and the date that FDA receives the written response declining to
submit the requested amendment.

As provided by 21 CFR 814.44(f), you may amend your PMA as requested above. withdrawx the
PMA. or consider this letter to be a denial of approval of the PMA under 21 CFR 814.45 and
request administrative review. Any request for administrative review, either through a hearing or
review by an independent advisory committee, under section 51 5(d)(4) and 515(g) of the Federal
Food. Drug, and Cosmetic Act, must be submitted in the form ofa petition for reconsideration
under 21 CFR 10.33 and in accordance with the general administrative procedures under 21 CFR
10.20. Any petition for reconsideration must be submitted to the Food and Drug Administration.
Dockets Management Branch (lHFA-305). Room 1061, 5630 Fishers lane, Rockville, Maryland
20852. within 30 days of your receipt of this letter. After reviexving the petition, FDA will
decide whether to grant or deny the petition and will puil ish a notice of its decision in the
FEDERAL RFGISTER. If FDA grants the petition. the notice w\ ill state the issues to be
reviewed, the form oflthe review to be used, the person may participate in the review. the time
and place where the review will occur, and other details.
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As provided under 21 CFR 814.44(g), FDA will consider this PMA to have been voluntarily
withdrawn if you fail to respond in writing within 180 days of the date of this request for a PMA
amendment. You may, however, amend the PMA within the 180-day period to request an
extension of time to respond. Any such request is subject to FDA approval and should justify the
need for the extension and provide a reasonable estimate of when the requested information will
be submitted. If you do not amend the PMA within the 180-day period to (1) correct the above
deficiency(ies), or (2) request an extension of time to respond and have the request approved, any
amendment submitted after the 180-day period will be considered a resubmission of the PMA
and will be assigned a new number. Under these circumstances, any resubmission will be given
a new PMA number and will be subject to the requirements of 21 CFR 814.20.

You may amend the PMA to provide the above requested information (6 copies), voluntarily
withdraw the PMA (3 copies), direct CDRH to complete processing the PMA without the
submission of additional information or request an extension.

The required copies of the amended PMA should include the FDA reference number to facilitate
processing for this PMA and should be submitted to the following address:

PMA Document Mail Center (HFZ-401)
Center for Devices and Radiological Health
Food and Drug Administration
9200 Corporate Blvd.
Rockville, Maryland 20850

If you have any questions concerning this not approvable letter, please contact
Cindy Demian, M.S. at (301) 443-8517, ext. 172.

Sincerely &,ou's ,

anil G Shu z.M.D.
Director
Office of Device Evaluation
Center for Devices and

Radiological Health



CLINICAL CONSULT 

TO: CINDY DEMIAN  

FROM: LESLEY EWING 

FILE#: P020039/A6 

SPONSOR:     CARDIMA, INC.

DEVICE:        REVELATION TX MICROCATHETER AND 4MM NAVABLATOR ABLATION CATHETERS 

DATE:            20 MARCH 2004 

CC: ELIAS MALLIS 

Background of this submission: 

This amendment to the PMA is sent to respond to the Not Approvable letter dated June 26, 
2003.   

Material reviewed for this memo:  

Introductory letter, responses to deficiencies contained in the Not Approvable letter, material 
under tabs: Executive Summary, Clinical Protocol Summary, Results and Appendices E, F and G. 

Review of data presented in this submission: 

The original PMA submission (clinical module) submitted in September 2002 contained data on 
patients enrolled in phase IIB and phase III of the clinical trial.  This amendment contains an analysis 
of only patients in phase III, which presumably is still ongoing.  Phase III began with the 
introduction of the NavAblator (standard 4mm ablation catheter) to be used to create the linear 
lesion at the cavo-tricuspid isthmus.  All patients in phase III were to have one of the investigational 
catheters used first to create linear lesions. 

Diagrams of patient accountability are presented on the next two pages of this review memo. 

The sponsor now states that 47/84 patients or 56% reached the target level of decrease in 
symptomatic atrial fibrillation episodes. I believe that the denominator should include the 3 patients 
that withdrew prior to 6 months, and those patients should be considered failures in an ITT analysis. 
The sponsor has not provided any line data in this amendment.  They have not provided any data on 
transtelephonic transmissions per patient, medications per patient or identification of which patients 
they consider successes and which they consider failures.   

The sponsor has reanalyzed the trans-telephonic transmissions sent in at the six month time 
period and has adjusted their success rate downward while increasing the percent of patients that 
they say were compliant with the trans-telephonic transmissions.  They have increased the number of 
patients with this compliance by increasing the amount of time they considered to be “six months” 
post ablation. 

 



Patient accountability from original PMA 
 
 
 

y   
 
 
 

Linear ablation procedure 
N=120 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Verified baseline data 
N=116 (38 IIb, 78 III) 

Ambiguous baseline data 
N=5 

Unambiguous baseline data 
N=111 

Lost to f/u 
N=2 

Data available to make 6 
month effectiveness 

assessment 
N=88 (36 IIb, 52 III) 

Lesions done primarily with only 
Cardima catheters 
N=70  (24IIb, 46III) 

Did not reach primary 
effectiveness 

Total n= 7 (4IIb, 3III) 

Reached primary 
effectiveness 
N=11 (8IIb, 3III) 

Cardima catheters first and 
non-investigational catheters 

secondarily 
N= 12 (7IIb, 5III) 

Did not reach primary 
effectiveness n= 5  

(3IIb, 2III) 

Reached 
primary 

effectiveness  
n= 7 (4IIb, 3III) 

Lesions done primarily with Cardima 
and non-investigational catheters 

n=18 (12IIb, 6III) 

< 6 mo f/u 
n=21 

Used only Cardima 
catheters 

N= 58 (17IIb, 41III) 

Reached 
primary 

effectiveness 
N=24 (7IIb, 17III) 

Did not reach primary 
effectiveness n= 34 

(10IIb, 24III) 
 
 

 



Patient accountability for current amendment 

 Screened 
N=178  

 

 

 

 

 

 

 

 

 

 

Underwent ablation 
N=98 

< 6 months follow up 
n=7 

Completed six months follow-
up n= 88 

Withdrew prior to 6 
months 

n=3 

Insufficient baseline 
episodes 

N=4 

Effectiveness cohort 
N=84 

52/84 presented in first 
PMA submission 

 

 

 

Sponsor’s answers to deficiencies: 

Compliance with trans-telephonic monitoring (TTM) (measuring tool used to collect data to 
evaluate the effectiveness endpoint):  

The sponsor states that they now assess that 71% of subjects in phase III provided four or more 
transmission during the sixth month of follow-up and 82% had three or more transmission.  They 
have not provided the line data to support this assertion.  As stated above the sponsor has changed 
the time period called “the sixth month of follow-up” to allow for the study visit date flexibility 
allowed in the investigational protocol.  It appears that they are now calling 151-210 days post 
ablation as the six month follow-up as opposed to the 151-180 days initially evaluated for the first 
PMA submission.   

Accurate counting of episodes (each transmission a discrete episode?): 

The effectiveness endpoint of this trial depends on each patient achieving either a 50% or 75% 
decrease in symptomatic episode numbers at six months post ablation compared to the baseline 
number.  The accuracy of the measurement of episode numbers at each time period will determine 

 



the ability of the study to determine effectiveness of the Revelation catheter.  The effectiveness of 
the NavAblator catheter can be determined by the production of bi-directional conduction block 
(BDB) at the cavo-tricuspid isthmus. 

The sponsor admits that there was no mechanism to determine if each transmission of atrial 
fibrillation represented one episode or if the patient transmitted multiple times during each episode.  
The sponsor states that 4.3% of transmitted AF episodes occurred within one hour of the previous 
episode at baseline and 1.9% at six months.  The sponsor performed a sensitivity analysis to 
determine if the proportion of patients achieving the target level event reduction changed if episodes 
reported in close time proximity to each other were assumed to be one event instead of more than 
one event.  They state that this analysis shows that potential over-reporting of episodes does not 
change the number of patients that achieved the correct amount of episode reduction.   

The line data from which these analyses were based are not included in the submission. 

 

Acute procedural endpoint: 

The sponsor argues that there is no regulatory requirement that instructions for use be based on 
an acute procedural endpoint.  The sponsor stated in the original PMA submission that “sufficient 
data to demonstrate either success or failure for the procedural endpoint are not available”.    When 
discussed at the May 29, 2004 Advisory Panel meeting the sponsor stated that the investigators 
looked at atrial electrograms and watched for a decrease in the electrograms.  The sponsor does state 
that there is a clear procedural endpoint for the use of the NavAblator catheter. 

Page 85 of 293, “While the design of the Revelation Tx catheter promotes the creation of lines 
of block in the atrium, measurement of atrial electrogram amplitude reductions does not guarantee 
that a line of block has been successfully created.”   

Because there was no clear procedural endpoint adhered to by the investigators, the FDA has no 
way to determine whether each investigator was performing the same or similar ablation lesions.  
Indeed from the procedural data provided by the sponsor, pages 77-79 of 293, there is evidence that 
each procedure varied widely from others.  The mean procedure time was 218 minutes with SD of 11 
minutes and range of 100 to 549 minutes.  The mean fluoroscopy time was 43 minutes with SD of 42 
minutes and range of 10 to 265 minutes.  The FDA can not conclude that all the procedures were 
performed in the same way, that is, if the lesions were performed in the same or similar ways. 

 

Adherence to the investigational protocol:

Performance of same lesions sets - in phase III the majority of patients did receive the same 
lesion sets.  Some patients did not receive a cavo-tricuspid isthmus lesion if they had had the history 
of a prior ablation for atrial flutter.   

Use of the investigational catheter first to perform lesions – The Revelation catheter was used to 
perform all the non isthmus linear lesions in phase III.  In 4 procedures investigators used a non-
investigational catheter for the initial application of RF energy to the tricuspid isthmus.  These non-

4 



protocol uses occurred at two sites and the sponsor states that they don’t know why these two 
investigators chose to be non-compliant with the protocol. 

Catheters used to ablated the isthmus in Phase III 

Catheter Frequency % 
NavAblator 51 57.3 
NavAblator, then other 20 22.5 
Revelation Tx 8 0 
Revelation Tx, then NavAblator 3 3.4 
Revelation Tx, then NavAblator, then other 3 3.4 
Other 4 4.5 
Total 89 100 
 

Study results were potentially biased by changes to patient antiarrhythmic medications AAD: 

The study protocol states that the effectiveness endpoint is a certain amount of decrease in the 
number of symptomatic episodes while “either maintained on the same anti-arrhythmic drug regimen 
or a reduced dosage”.  The sponsor has performed several analyses of AAD use in the patients of 
this study.  They include a short description of an analysis performed by two physicians (one 
cardiologist and one electrophysiologist) of the AAD use in this study.   

They conclude that because the patients were drug refractory at enrollment any AAD use would 
not have affected the reduction of episodes reported in the study. 

This argument means that they do not believe the protocol definition of success needs to be 
adhered to.  The number of patients that they report to be a success of the ablation procedure 
reflects this position.   

Although it is possible that AADs change may not have altered the eventual number of 
symptomatic episodes, this argument ignores the fact that the treating physician felt a need to change 
or add AADs for that particular patient.  If the patient was doing well why would they have needed 
additional AAD therapy?  The study was designed that if the patient required an additional AAD or 
additional dosage of a baseline AAD then the ablation procedure had not achieved success. 

Lack of careful characterization of pre-existing co-morbidities making it difficult to assess patient 
safety:

The sponsor provided a list of baseline information collected. 

Lack of control arm made study vulnerable to bias and placebo effect:

The sponsor states that “the before-after design used in the Cardima investigations, though not 
containing a control arm, represents a type of external control (section 1.3.5).  External controls are 
appropriate when the subject’s condition is well-documented and the signs and symptoms are 
predictable.” 

The sponsor showed in the original PMA submission that the individual patient was not accurate 
in determining whether an episode of palpitations was really atrial fibrillation and therefore the 
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statement above does not apply to the subjective endpoint of this study or to the nature of 
paroxysmal atrial fibrillation.   

The sponsor states that regression to the mean did not affect the data collected in this study.  
They base this conclusion on the fact that the patient population enrolled was not an extreme 
portion of the target patient population.  They state that very few patients enrolled in the study could 
have had an exceptionally bad period of events, in terms of event numbers, in the baseline period 
because one month was required for baseline monitoring. 

Procedural effectiveness of the NavAblator ablation catheter 

The determination of effectiveness of the NavAblator catheter depended both on the chronic 
effectiveness endpoint of decrease in number of atrial fibrillation events and on the production of bi-
directional conduction block (BDB) at the cavo-tricuspid isthmus.  The production of BDB with 
radiofrequency energy has been accepted by the FDA as a surrogate endpoint for effectiveness.  
Objective performance criteria have been used to assess the percentage of patients having successful 
BDB with an ablation catheter to have market approval by the FDA. 

Catheters used to ablate the tricuspid isthmus 

Catheter Frequency % 
NavAblator 51 57.3 
NavAblator, then other 20 22.5 
Revelation Tx 8 0 
Revelation Tx, then NavAblator 3 3.4 
Revelation Tx, then NavAblator, then other 3 3.4 
Other 4 4.5 
Total 89 100 

 

Number of subjects in whom bidirectional conduction block was demonstrated or 
attempted by isthmus catheter used 

 Demonstrated Attempted 
NavAblator 45 51 
NavAblator, then other 15 20 
Revelation Tx 4 8 
Revelation Tx then NavAblator 3 3 
Revelation Tx, NavAblator, then Other 3 3 
Other 4 4 

 

 

In phase III the NavAblator was used in 77/89 (87%) procedures in which there was isthmus 
ablation.  Six patients had previous isthmus ablation.  The NavAblator was the first catheter used in 
71/89 (80%) procedures.  The NavAblator (either alone or after use of the Revelation Tx) was 
successful in achieving BDB in 48/77 (62%).  The point estimate of 62% does not reach the OPC.   
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Other analyses provided by the sponsor: 

The sponsor provides an analysis of the QOL questionnaires completed by the patients.  This 
information is difficult to impossible to evaluate without a concurrently selected control group or 
blinding of the treatment group. 

The sponsor provides an analysis of the emergency visits and hospitalizations of the enrolled 
patients.  This data is difficult to impossible to evaluate without a concurrently selected control group 
as a comparator. 

The sponsor provides an analysis of pacemaker use in the patients in this study and discusses 
literature descriptions of pacemaker use in a patient population they state is similar.  The analysis of 
pacemaker use or need for pacemaker implantation in this group is impossible without a concurrently 
identified patient group as comparators. 

 

Conclusion: 

The sponsor has not addressed most of the agency’s concerns over this study.  They have not 
provided evidence that the device system is safe or effective.  They have provided evidence that the 
NavAblator is not effective.

Recommendation:  The PMA amendment is not approvable. 
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Date  March 25, 2004 
 
From  Mathematical Statistician (Heng Li) HFZ-542 

 Division of Biostatistics, OSB 
 

Subject            Statistical Review of PMA P020039/A6, Cardima, Inc. 
  REVELATION Tx Ablation System, (1/22/2004)    
 
To  Cindy Demian - HFZ-450 
  Division of Cardiovascular Devices, ODE 
    
 
 
INTRODUCTION 
 
The purpose of this PMA amendment (P020039/A6) is to address the questions and 
comments in the June 26, 2003 “not approvable” letter issued by FDA on Cardima’s 
REVELATION Tx Ablation System.  In this reviewer’s opinion, all the comments and 
questions in the “not approvable” letter have not been adequately responded to.  The 
inadequacy in the sponsor’s response falls mainly into three categories: 1) making statements 
without understanding the meaning of FDA’s questions and comments and/or certain terms 
appearing in them, 2) making unfounded claims, and 3) providing historical background 
where scientific justification is needed.  The above categorization is only for the purpose of 
organizing the current review, and is not meant to be mutually exclusive and exhaustive.  A 
problematic response from the sponsor may be considered as falling into more than one 
category, and different interpretations of a problematic response may assign it to different 
categories.  Since in the current PMA amendment the results of the clinical study still appear 
not to have been obtained in a completely clinically indisputable way, this review does not 
comment on those results.  Instead, it focuses on the sponsor’s response to FDA’s “not 
approvable” letter. 
 
 
PROBLEMATIC RESPONSES TO FDA’S “NOT APPROVABLE” LETTER 
 

1. Misunderstood Questions and/or Terms.   Item 1f in the FDA’s “not approvable” 
letter states that “The lack of a control arm made the trial vulnerable to biases and 
artifacts, such as placebo effect.”  In response, the sponsor stated that "Subjects in the 
study did not receive a placebo or a sham treatment, and therefore they cannot be 
subject to a placebo effect in the true sense of this phenomenon" (p.12). It seems that 
the above statement is based on a misunderstanding of the term "placebo effect".  A 
common definition of 'placebo effect' of a treatment is the measurable, observable, or 
felt improvement in health not attributable to the treatment.  Its existence does not 
require a placebo or sham treatment being actually administered.         
 
In the response to the same item, the sponsor cited one recent study in which  
Hawthorne effect was found to have no clinically significant influence (p.13).  The 



mentioning of Hawthorne effect may reflect the sponsor’s misunderstanding either of 
this term or of FDA’s comment.  The original meaning of  Hawthorne effect, that “the 
mere act of showing people that you are concerned about them usually spurs them to 
better job performance” has little relevance in the current context, and there is no 
implication in the FDA’s comment that the sponsor is asked to address the issue of  
Hawthorne effect.        
                                               

2. Unfounded Claims.  The sponsor claimed that "Regression to the mean probably did 
not play an important role in the determination of device effectiveness" (p.12).  
However, little support has been provided for this claim.  It is universally recognized 
that regression to the mean is a phenomenon associated with biological variation over 
time and measurement error, of which both are present in the study under 
consideration.  When the criteria for selection to begin the intervention depend on the 
same variable that is used to assess the responses, regression to the mean will 
confound a straightforward comparison of the variable levels before and after the 
intervention.  So the issue here is to quantify the regression-to-the-mean effect, and to 
do so we need longitudinal data not only on subjects who are selected, but also on 
subjects who are not selected.  One cannot deny the importance of regression to the 
mean effect by just looking at the baseline values for patients selected for 
intervention, as the sponsor did.  Of course there are additional complications in the 
current study with regard to regression to the mean, such as multiple screening of 
some patients. 
 
The sponsor claimed that "Due to selection criteria, study subjects were highly aware 
of their symptoms and frustrated with previous therapeutic maneuvers.  They thus had 
little motivation to over- or under-report the occurrence of symptomatic episodes" 
(p.12).   The above argument does not seem to be based on sound logic.  Indeed, the 
frustration with previous therapeutic maneuvers may have made the patients eager to 
get into the study and therefore have motivated them to report more symptomatic 
episodes during the screening period.   This same motivation of course couldn’t have 
existed during the six-month follow-up period post ablation.  It is such potentials for 
differential over- and under- reporting during the screening and follow-up periods 
that threatens the validity of study results, and therefore are of major concern.   
 
Regarding the compliance with rhythm strip recording, the sponsor claimed that 
“compliance was sufficient to allow valid conclusions about the effectiveness rate of 
the device” (p. 2).  The sponsor has provided no evidence to support this claim.  On 
the contrary, the sponsor provided evidence that by moving to the more compliant 
segment of the study the treatment success rate is lowered.  This is evidence against 
an argument put forward in the sponsor’s panel presentation that not reporting means 
no symptomatic episodes.  So the data provided in this PMA amendment serve to 
confirm that compliance a more serious issue instead of a less serious issue. 
 
Regarding the ability of patients to report a single symptomatic episode as a single 
symptomatic episode (instead of multiple episodes), the sponsor conducted a 
sensitivity analysis in which the success rate is re-calculated with reported 



symptomatic episodes less than one hour apart counted as a single episode.  This 
sensitivity analysis does not address the possibility that the ability of patients to report 
a single symptomatic episode as a single symptomatic episode may improve over 
time, which is FDA’s original concern.   
 

3. Scientific Justification vs. Historical Background.  In responding to several of 
FDA’s questions and comments, the sponsor took a ‘historical approach’.  For 
example, in several places the sponsor cited documentation of a July 1998 Circulatory 
Panel Meeting, which may have been superceded by more recent guidance 
documents.  The ‘historical approach’ may not be considered as adequate for some of 
the responses. 
 
 

COMMENTS FOR THE SPONSOR 
 

1. This PMA amendment seems to have provided additional evidence for the concern 
that compliance with rhythm strip recording is a serious problem, since it showed that 
by moving to a more compliant segment of the study the treatment success rate is 
lowered..  Therefore the claim that “compliance was sufficient to allow valid 
conclusions about the effectiveness rate of the device” (p. 2) seems to be unfounded. 

2. The sensitivity analysis you provided with regard to the issue of discreteness of 
reported episodes of atrial fibrillation does not address the possibility that the ability 
of patients to report a single symptomatic episode as a single symptomatic episode 
may improve over time, which is FDA’s original concern.   

3. You claimed that "Due to selection criteria, study subjects were highly aware of their 
symptoms and frustrated with previous therapeutic maneuvers.  They thus had little 
motivation to over- or under-report the occurrence of symptomatic episodes" (p.12).   
The above argument does not seem to be based on sound logic.  Indeed, the 
frustration with previous therapeutic maneuvers may have made the patients eager to 
get into the study and therefore have motivated them to report more symptomatic 
episodes during the screening period to meet the threshold.   This same motivation of 
course could not have existed during the six-month follow-up period post ablation.  It 
is such potential tendencies for differential over- and under-reporting during the 
screening and follow-up periods that compromise the validity of study results, and 
therefore are of major concern. 

4. You claimed that "Regression to the mean probably did not play an important role in 
the determination of device effectiveness" (p.12), without providing adequate 
supporting evidence.  It is universally recognized that regression to the mean is a 
phenomenon associated with biological variation over time and measurement error, of 
which both are present in the study under consideration.  When the criteria for 
selection to begin the intervention depend on the same variable that is used to assess 
the responses, regression to the mean will confound a straightforward comparison of 
the variable levels before and after the intervention.  So the issue here is to quantify 
the regression-to-the-mean effect, and to do so we need longitudinal data not only on 
subjects who are selected, but also on subjects who are not selected.  One cannot deny 
the importance of regression to the mean effect by just looking at the baseline values 



for patients selected for intervention.  In the current study, there are also additional 
complications with regard to regression to the mean, such as multiple screening of the 
same patient and differential over- and under-reporting. 

5. You stated that "Subjects in the study did not receive a placebo or a sham treatment, 
and therefore they cannot be subject to a placebo effect in the true sense of this 
phenomenon" (p.12). It seems that the above statement is based on a 
misunderstanding of the term "placebo effect".  A common definition of 'placebo 
effect' of a treatment is the measurable, observable, or felt improvement in health not 
attributable to the treatment.  Its existence does not require a placebo or sham 
treatment being actually administered. 

6. You cited one recent study in which Hawthorne effect was found to have no clinically 
significant influence (p.13).  The mentioning of Hawthorne effect may reflect your 
misunderstanding either of this term or of FDA’s comment.  The original meaning of  
Hawthorne effect, that “the mere act of showing people that you are concerned about 
them usually spurs them to better job performance” has little relevance in the current 
context, and there is no implication in the FDA’s comment that you are asked to 
address the issue of  Hawthorne effect. 

7. The issue of the usage of non-investigational devices in the clinical study seems not 
to have been completely resolved.   

 
 
            
 
 
 
 

                             Heng Li, Ph.D.  
   

 
 
 
 
 
cc: Bram Zuckerman, MD (HFZ-450) 
 Elias Mallis (HFZ-450) 
 Lilly Yue (HFZ-542) 
     BIMO  (HFZ-310) 
 DCC (HFZ-401) 
 Medical Device File 
 Board File 
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Daniel Cher, MD
Medical Director
Cardima, Inc.
47266 Benicia Street
P.O. Box 14172
Fremont, CA 94538

Re: P020039
REVELATION® Tx Microcatheter with NavAblator Ablation System
Filed: September 23, 2002
Amended: November 6, 2002, January 16, March 7, October 22 and November 05, 2003,
January 21 and March 8, 2004

Dear Dr. Cher:

The Center for Devices and Radiological Health (CDRH) of the Food and Drug Administration
(FDA) has completed its review of your premarket approval application (PMA). We regret to
inform you that CDRH has determined that your PMA is not approvable based on the
requirements of 21 CER 814.44(f0, and, where practical, FDA must identify measures necessary
to make the PMA approvable.

Specifically, your submission is not approvable because the clinical study design and results were
inadequate to demonstrate a reasonable assurance of safety and effectiveness of the
REVELATION®V Tx Microcatheter with NavAblator Ablation System indicated for the treatment
of drug refractory paroxysmal atrial fibrillation. While you have provided additional clinical
information on 32 patients, the concerns identified in our June 26, 2003, not-approvable letter
remain unresolved, as outlined in the deficiencies below.

While we believe that the safety and effectiveness information collected thus far provides some
support for the safety and effectiveness of your device, the fundamental problems with the study
design limit the conclusions that can be drawn from these data. Therefore, FDA believes that the
least burdensome approach to demonstrate the safety and effectiveness of your device is to
collect additional clinical data using a study design that addresses these fundamental problems.
We strongly encourage you to meet with us to discuss how to most rapidly proceed with an
optimal, least burdensome study design which addresses these key issues.
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Accordingly, to place your PMA in approvable form, you must amend it to include the following:

Future Study Concerns

1. Based on the issues with the study design and results identified above, the lack of a control
arm made the trial susceptible to biases and artifacts, such as placebo effects. One method
to minimize the impact of these above factors on future clinical trials is to conduct a
randomized controlled trial. A randomized controlled trial will improve your ability to
make reliable conclusions regarding outcomes, and may address the outcome measurement
issues identified in FDA's June 26, 2003, not-approvable letter. We continue to believe
that a single-arm clinical study that is conducted in such a way as to avoid the issues
outlined in a and b below and the issues identified in the June 26, 2003 not-approvable
letter could result in adequate data to support a marketing application. You need to conduct
a new clinical trial addressing all outstanding issues, including those described below:

a. You have not adequately addressed Deficiency 1 (a-d, and f) of our June 26, 2003,
not-approvable letter. The clinical study lacked an accurate measurement of
effectiveness endpoints, due to the following confounding factors:

i. The study failed to clearly define a method to determine if symptomatic episodes
reported by the patient represented discrete episodes of atrial fibrillation. In your
response, you indicated that there was no mechanism to determine if each
transmission of atrial fibrillation represented one discrete episode or multiple
transmissions of the same episode. Your sensitivity analysis demonstrated the
potential for over-reporting of episodes and did not change the number of patients
who achieved the correct amount of episode reduction. Further, the submission
did not contain patient line data from which these analyses were based.

ii. The study failed to assure patient compliance with the transtelephonic monitoring
used to evaluate the effectiveness endpoint. Specifically, you did not provide
patient line data to support your assertion that 71% of subjects in phase III
provided four or more transmissions during the six month of follow-up and that
82% had three or more transmissions. To address the lack of compliance with the
transtelephonic monitoring, you altered the time window for the six month follow-
up visit. It now appears that 151 to 210 days post ablation is the six month
follow-up window, while originally the six month follow-up window was 151 to
180 days.

iii. The clinical study lacked a consistently-defined acute procedural endpoint that
would allow assessment of effectiveness of the device and provide a basis for
developing appropriate instructions for use. Because no clear procedural endpoint
was adhered to by the investigators, FDA cannot determine whether each
investigator performed the same or similar ablation lesions. Further, the
procedural data, provided on pages 77-79 of 293, demonstrated that the procedure
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times varied widely among study investigators. There were apparently further
inconsistencies in use of the investigational device system catheters, i.e., the order
in which the investigational catheters were used, the frequency of use of the
investigational catheters, and use of non-investigational catheters.

iv. The clinical study results were potentially biased by changes to patient
antiarrhythmic drugs (AADs). In your study protocol, you stated that the

effectiveness endpoint is a decrease in the number of symptomatic episodes while
"either maintained on the same anti-arrhythmic drug regimen or a reduced
dosage." You conclude that because the patients were drug refractory at
enrollment, any AAD use would not have affected the reduction of episodes
reported in the study. The Circulatory Systems Devices Panel and FDA disagree
with this conclusion, because it is inconsistent with the effectiveness endpoint
previously defined in your protocol, and because changes in medications
confound analysis of the effectiveness endpoint.

b. Effectiveness of the NavAblator catheter was based on the decrease in number of
atrial fibrillation events and the ability to produce bidirectional conduction block
(BDB) at the cavo-tricuspid isthmus. The production of BDB with radiofrequency
energy has been accepted by the FDA as a surrogate endpoint for effectiveness.
Typically, an objective performance criterion (OPC) of 90% (80% lower bound) of
patients having successful BDB with an ablation catheter is achieved. The
NavAblator (either alone or after use of the Revelation Tx) was successful in
achieving BDB in 48/77 (62%). FDA does not believe that you have adequately
explained how these results demonstrate the safety and effectiveness of the
NavAblator catheter.

Sterility Concerns

2. You indicate that you plan to change your gamma sterilization process from a dose of 38
kGy to 25 kGy using the AAMI TIR: 2001 Sterilization of health care products - Radiation
sterilization - Substantiation of 25 kGy as a sterilization dose - Method VDmax, dated
October 29, 2001. Please provide a summary of the validation data and include a
discussion of the following:

a. the average bioburden for the entire product unit;

b. whether the entire product unit is applicable to the four situations discussed in the
TIR;

c. how the selected product unit is representative of the batch and how it was selected
randomly;
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d. whether or not the sample item portion (SIP) represents the entire product unit or a
portion of the product unit;

e. the adequacy of the SIP, e.g., how it represents the microbial challenge and the
diverse elements of the product unit;

f. the basis for the SIP calculation, e.g., surface area, weight, length, etc.; and,

g. a summary of the data from your VDmx substantiation, e.g., bioburden estimate,
selection of the verification dose, confirmation of the verification, substantiation and
statistical verification of the 25 kGy dose.

The deficiencies identified above represent the issues that we believe need to be resolved before
our review of your PMA application can be completed. In developing the deficiencies, we
carefully considered the statutory criteria as defined in Section 515 of the Federal Food, Drug,
and Cosmetic Act for determining reasonable assurance of safety and effectiveness of your
device. We also considered the burden that may be incurred in your attempt to respond to the
deficiencies. We believe that we have considered the least burdensome approach to resolving
these issues. If, however, you believe that information is being requested that is not relevant to
the regulatory decision or that there is a less burdensome way to resolve the issues, you should
follow the procedures outlined in the "A Suggested Approach to Resolving Least Burdensome
Issues" document. It is available on our Center webpage at:
http://www.fda.gov/cdrh/modact/leastburdensome.html

This is to advise you that an amendment including the above requested information will be
considered a major amendment and may extend the FDA review period up to 180 days. As
provided by 21 CFR 814.37(c), you may decline to submit a major amendment requested by
FDA in which case the review period may be extended for the number of days that elapse
between the date of such request and the date that FDA receives the written response declining to
submit the requested amendment.

As provided by 21 CFR 814.44(f), you may amend your PMA as requested above, withdraw the
PMA, or consider this letter to be a denial of approval of the PMA under 21 CFR 814.45 and
request administrative review. Any request for administrative review, either through a hearing or
review by an independent advisory committee, under section 515(d)(4) and 515(g) of the Federal
Food, Drug, and Cosmetic Act, must be submitted in the form of a petition for reconsideration
under 21 CFR 10.33 and in accordance with the general administrative procedures under 21 CFR
10.20. Any petition for reconsideration must be submitted to the Food and Drug Administration,
Dockets Management Branch (HFA-305), Room 1061, 5630 Fishers Lane, Rockville, Maryland
20852, within 30 days of your receipt of this letter. After reviewing the petition, FDA will
decide whether to grant or deny the petition and will publish a notice of its decision in the
FEDERAL REGISTER. If FDA grants the petition, the notice will state the issues to be
reviewed, the form of the review to be used, the person may participate in the review, the time
and place where the review will occur, and other details.

I©



Page 5 - Dr. Daniel Cher

As provided under 21 CFR 8 14.44(g), FDA will consider this PMA to have been voluntarily
withdrawn if you fail to respond in writing within 180 days of the date of this request for a PMA
amendment. You may, however, amend the PMA within the 180-day period to request an
extension of time to respond. Any such request is subject to FDA approval and should justify the
need for the extension and provide a reasonable estimate of when the requested information will
be submitted. If you do not amend the PMA within the 180-day period to (1) correct the above
deficiencies, or (2) request an extension of time to respond and have the request approved, any
amendment submitted after the 180-day period will be considered a resubmission of the PMA
and will be assigned a new number. Under these circumstances, any resubmission will be given
a new PMA number and will be subject to the requirements of 21 CER 814.20.

You may amend the PMA to provide the above requested information (6 copies), voluntarily
withdraw the PMA (3 copies), direct CDRH to complete processing the PMA without the
submission of additional information or request an extension.

The required copies of the amended PMA should include the FDA reference number to facilitate
processing for this PMA and should be submitted to the following address:

PMA Document Mail Center (HFZ-401)
Center for Devices and Radiological Health
Food and Drug Administration
9200 Corporate Blvd.
Rockville, Maryland 20850

If you have any questions concerning this not approvable letter, please contact
Cindy Demian, MSBE at (301) 443-8517.

Sincerely yours,~

Donna-Bea Tillman, Ph. D.
Acting Director
Office of Device Evaluation
Center for Devices and

Radiological Health
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Daniel G. Schultz, M.D.
PMA Document Mail Center (HFZ-401)
Center for Devices and Radiological Health
Food and Drug Administration
9200 Corporate Blvd.
Rockville, MD 20850

RE: PMA # P020039/A006

Dear Dr. Schultz: CD

In response to your June 26, 2003 letter, Cardima is submitting this amend to CD

PMA to provide the requested information. The amendment consists of th'catached _
document, titled Amendment Volume 12, and this letter. The PMA as amende d 'C)
demonstrates that the REVELATION® Tx Microcatheter Ablation System i:iafe ar C
effective for the treatment of symptomatic paroxysmal atrial fibrillation (A "
In preparing our responses to your letter, Cardima has taken the following steps in .J
analyzing the data from its clinical studies:

1. The amendment focuses primarily on subjects enrolled in the Phase III trial. Patients
from the Phase JIB trial are no longer included in the primary analyses.

2. The Phase III trial has continued after the original submission of the PMA on
September 19, 2002. An additional 36 patients have undergone ablation, and the total
number of Phase III subjects in the primary effectiveness analysis is 84, meeting the
agreed-upon target sample of 80 patients.

3. We have conducted additional analyses of the data to respond to your questions
concerning subject compliance, determination of whether symptomatic episodes
reported by subjects were discrete, adherence to the protocol on the part of
investigators with respect to lesion sets and the use of catheters other than the
investigational catheter to ablate the isthmus, and changes to patients' antiarrhythmic
medications. The methods by which these analyses were conducted and the results of
these analyses are discussed in this letter and presented in full in the amendment.

4. The amendment also responds to the questions two through four of your letter, which
concern manufacturing and shelf-life.

47266BeniciaStreet PO. Box14172 Fremont, CA 94538-7330 Phone510.354.0300 Fax510.657,4476 wwwcardiracorn



To date, 98 patients have undergone ablation with REVELATION® Tx in the Phase III
clinical trial. Of these, procedure-related data have been verified in 93 patients (the
"procedure cohort") and 88 have reached the six-month endpoint (with 84 forming the
"effectiveness cohort"). Long-term follow-up in the Phase III trial was excellent with no
loss to follow-up. Of the 84, 49 subjects (58%) achieved the target-level, decreases in
monthly symptomatic AF episode counts from baseline to six months of follow-up to be
considered successes. Forty-seven subjects (56%) had target-level reductions in
symptomatic AF episode counts at six months not attributable to AV node ablations,
pacemaker placements or AAD changes ("clinical (patient) success"). Note that only two
subjects underwent a second ablation procedure. The serious adverse event rate during
the study procedure was 4 events in 95 patients (4.2%).

We look forward to discussing this new information with the Agency.

Sincerely, ·

Daniel Cher, MD
Medical Director

Cc: Cindy Demian, MS
Elias Mallis, Branch Chief, Cardiovascular Devices

47266 Benicia Street PO. Boy 14172 Fr'emont, CA 94538-7330 Phone 510 354 0300 Fax 510657.4476 , wcardir a corn
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Background. In September 2002, Cardima filed its PMAA with the submission of the
fifth module, the clinical summary, which summarized clinical experience with the
REVELATION® Tx catheter. On May 29, 2003, Cardima presented these findings at a
Circulatory Systems Advisory Panel meeting. In a letter dated June 26, 2003, the Agency
stated that it found the application "not approvable" and provided specific questions and
comments which it stated must be addressed to make the PMA approvable.

Below, each of the Agency's concerns regarding the study is addressed. The Agency's
questions are highlighted in italic font. Our responses are in regular font.

la. "The clinical study lacked an accurate measurement of effectiveness endpoints, due
to the following confounding factors:

i. Failure to assure patient compliance with the measuring tool used to collect
data to evaluate the effectiveness endpoint.

Overall compliance with recording and transmitting event monitor rhythm strips in the
Phase III trial was adequate. As detailed below, 71% of subjects in Phase III provided
four or more transmissions during the sixth month of follow-up, and 82% provided three
or more. In addition, compliance with quality of life outcomes assessed at the six-month
study visit was excellent. These results indicate that subject compliance with the
measuring tool used to collect data to evaluate the effectiveness endpoint was effectively
assured. The measuring tool itself, cardiac event monitoring with event monitors, was
and continues to be the only available measure of symptomatic AF episodes and was
appropriate given the stated indication for the device. Combined with the study's
adequate compliance rate, the measurement of effectiveness endpoints in the Phase III
study can be considered an accurate representation of the underlying effbct of the device.

As detailed in the PMA amendment, a more accurate approach to analysis has been
utilized to account for study visit date flexibility allowed in the Protocol. The approach
previously used to evaluate rhythm strip recordings, while reasonable, did not take
account of protocol-allowed variation in the date of the six month visit. The six-month
study visit could, per protocol, occur at 180 days plus or minus 30 days (i.e., in the range
of 151 - 210 days); however, only rhythm strips from days 151 - 180 were utilized in
assessing compliance and episode counts, no matter when the six month visit actually
took place. Thus, transmissions which were in fact within the 30-day, six-month
monitoring period may have been excluded from analysis. (Note that the subject's 30-
day, six-month monitoring period, whose start date was not captured in case report forms,
may not have been the actual 30 days prior to the six-month study visit.) We therefore
used a computer-based algorithm to identify the 30-day period closest to the midpoint of
the sixth month after ablation in which episode monitoring was maximal. While this
approach had the effect of better assessing compliance (since it captured more
transmissions), it also resulted in lowering of the reported treatment success rate (since
some of the transmissions were episodes of symptomatic AF). Using this approach to
determine compliance rates in Phase III at both three and six months, 74% and 71% of
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subjects provided four or more transmissions during the third and six months,
respectively, and 85% and 82% of subjects provided three or more transmissions during
the third and six months, respectively. (Further analysis of compliance is provided in the
attached PMA amendment.) Compliance with rhythm strip recording in Phase III was
substantially better than that reported in the PMA for the pooled Phase IIB and III
datasets; compliance was sufficient to allow valid conclusions about the effectiveness
rate of the device.

ii. Failure to clearly define a method to determine if symptomatic episodes
reported by the patient represented discrete episodes of atrialfibrillation"

The focus of the Cardima clinical investigations was on the frequency of episodes of
symptomatic AF experienced by subjects with paroxysmal AF, not AF burden (the
proportion of time spent in AF, independent of symptoms). The protocol therefore
appropriately relied solely on subjects to determine when episodes both started and
stopped; this practice is consistent with all studies in the published medical literature of
AF ablation.

In theory, the measurement tool used to assess the occurrence of symptoms, the cardiac
event monitor, could also have been used to document the end of an episode, proving its
"discreteness;" however, this would have imposed a substantial burden on subjects, more
than doubling the monitoring effort, and would have measured cardiac activity beyond
the scope of this study and the indication for this device (symptomatic AF).

In theory, a subject in our study could have recorded multiple rhythm strips, denoting the
occurrence of multiple symptomatic "episodes," during a single underlying "run" of AF.
Such an occurrence could, if it happened differently between follow-up and baseline (for
which there is no evidence), have resulted in a biased assessment of effect size.

In our study, a very small proportion of symptomatic AF episodes occurred within one
hour of the previous episode: 4.3% at baseline and 1.9% at six months of follow-up. (As
expected, due simply to a higher episode density at baseline than follow-up, the
likelihood of reporting of an episode soon after a previous episode was larger at baseline
than at follow-up.) Since the vast majority of episodes were separated by more than one
hour and paroxysms of AF can occur within minutes of each other, duplicate recordings
of the same "run" of AF was unlikely. In addition, a sensitivity analysis was performed,
in which the proportion of patients achieving the target-level decrease in symptomatic AF
episode count at six months was calculated after assuming that an episode reported "soon
after" a previous episode might, due to close proximity, represent duplicate reporting of
the same underlying run of AF. This sensitivity analysis showed (see Table 1) that the
potential effect of the proposed duplicate recording on the overall success rate would, if it
had actually occurred, have been negligible. Further details are provided in the attached
PMA amendment. The clinical study used an appropriate method to measure the selected
effectiveness endpoint for the device's proposed indication that was not biased by the
potential for duplicate recording of episodes.
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Table 1. Effect of "overreporting" on six-month success rates.

Minimum time between Success Rate
distinct episodes

(hour) Success N (%
0 (baseline) 47 84 56.0
1 47 84 56.0
6 46 80 57.5
12 46 80 57.5
24 45 80 56.3

Assumes 7 non compliant patients are failures but would not have been affected by
alternative definitions for episode counts. N decreased by four since elimination of the
second episode at baseline would have disqualified these patients.

b. "The clinical study lacked a consistently defined acute procedural endpoint that
would allow assessment of effectiveness of the device system and provide a basis for
developing instructions for use."

There is no regulatory requirement that instructions for use be based on an acute
procedural endpoint. According to the Agency's own Advisory Panel meeting of July
1998, such an endpoint for clinical trials of AF ablation does not exist. It is arguable that
even in the current era, with marked advances in electrophysiologic imaging
technologies, such an endpoint does not exist for linear lesions in the right atrium.

Nonetheless, throughout the study, the Protocol specified a well-defined acute procedural
endpoint (atrial electrogram amplitude reduction), and this was measured in 83 of 95
(78%) of subjects. An additional, well-defined endpoint for isthmus ablation
(bidirectional conduction block) was documented in all subjects undergoing this part of
the procedure. The observation of a decrease in atrial electrogram amplitudes, combined
with the study's pre-specified ablation protocol and other information about how to use
the device, provides ample basis for development of instructions for use. Further
discussion is provided below.

To our knowledge, there is no regulatory requirement for an acute procedural endpoint to
develop instructions for use. Moreover, the lack of such an endpoint in AF ablation does
not prevent development of instructions for use. As shown in our study, the application
of the Protocol's specific recommendations for ablation parameters to create lesions (60
seconds, 35 watts, 550 C and 200 ohms maximum impedance) resulted in both substantial
reductions in atrial electrogram amplitudes and successful clinical outcomes at three and
six months of follow-up. The basis for developing instructions for use can be found in
the fundamentals of the study protocol.
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Acute procedural endpoints are common in other cardiac interventions for arrhythmias.
For example, the ventricular tachycardia guidelines developed by the Agencya discuss the
acute non-inducibility of clinically relevant VT morphologies as a procedural endpoint.
(The July 1998 Panel on AF trials rejected non-inducibility of AF as an. outcome.) The
ablation target for non-AF supraventricular arrhythmias is often a single myocardial
focus of activity; ablation of the focus results in non-inducibility or absence of electrical
activity at the target, forming a reasonable acute procedural endpoint.

In contrast, there is no universally accepted acute procedural endpoint in AF ablation. In
pulmonary vein (PV) isolation, which was not the target of the current investigation, the
stated goal is to isolate potentially triggering electrical activity in the pulmonary veins
through the creation of lesions that surround individual pulmonary veins or groups of
veins. Both entrance and/or exit block, typically demonstrated with a "lasso" catheter,
have been suggested as acute procedural endpoints for such lesions; even for PV
isolation, some investigators continue to use decreases in PV amplitudes, since whether
complete PV isolation is required for clinical success is not universally accepted. Exit or
entrance block are not relevant outcomes for the creation of linear lesions in the right
atrium. When creating linear lesion in the right atrium (and, it could be argued, in the
creation of roof line and/or PV-to-mitral annulus lesions often created in left atrial
ablations), the goal is substrate modification through the creation of lines of block;
theoretically, such lines reduce AF by dispersing areas of refractoriness in the atrium to
prevent AF sustenance. To date, there is no universally accepted acute procedural
endpoint known to have clinical significance for procedures aimed primarily at the
creation of linear lesions in the atria. This is because it remains unknown whether such
lines need to block conduction completely to be clinically effective. The substantial
differences in the proposed underlying mechanisms of action for these three different
types of lesions (focal, lines for isolation and lines for substrate modification) are
important when considering appropriate acute procedural endpoints.

In 1998, when the Agency's Advisory Panel on Atrial Fibrillation Ablations considered
the issue, no acute procedural endpoint was proposed; rather, panel members suggested
focusing on long-term outcomes. The situation had not changed when the Phase III trial
was initiated in 2000. As discussed above, for procedures aimed primarily at substrate
modification, no universally accepted endpoint exists even today.

For the linear ablation portion of the procedure, a reduction of atrial electrogram
amplitudes from before to after ablation was selected as an acute procedural endpoint in
the REVELATION® Tx clinical trials. This endpoint was selected due to its similarity
with established clinical endpoints in the ablation of focal arrhythmias such as
paroxysmal supraventricular tachycardias, the ablated tissue shows little or no electrical
activity. At the time of trial design the endpoint was reasonable and no other endpoint
was routinely in use; this endpoint continues to be used by some researchers, even in left-
atrial ablations. In contrast to focal ablations, however, since this measurement was not
known to have important clinical implications in AF ablation, no specific cutoff was
selected to indicate that a particular acute procedural endpoint had been reached. The

a http://www.fda.gov/cdrh/ode/tachyabl.pdf
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protocol noted ablation was to continue until the observation of a reduction in atrial
electrogram amplitudes. As detailed in the attached PMA amendment, paired before-
after measurements showed an average 56% reduction in atrial electrogram amplitudes,
consistent with the study procedure having accomplished the target ablation.

For isthmus ablation, bidirectional conduction block (BDC) was selected as an acute
procedural endpoint. Whether BDC was achieved was documented in all subjects in
whom isthmus ablation was attempted. Note that in patients undergoing atrial flutter
ablation, BDC is a physiologically relevant endpoint that is likely to predict flutter
recurrence. Isthmus ablation is generally believed to reduce the occurrence of atrial
flutter in subjects undergoing AF ablation; whether it impacts the occurrence of
symptomatic AF is not known. As detailed in the attached PMA amendment, analysis of
results from our clinical study did not show that subjects who had completed isthmus
ablations (via demonstration of BDC) were more likely to show target-level reductions in
symptomatic AF episodes.

c. "The clinical study lacked complete adherence to the investigational protocol by all
investigators at all investigational sites, with respect to:

i. performance of the same ablation procedure with the investigational device;
and

ii. initial attempted use of the investigational device system catheters only"

Through standard data query practices in place at Cardima, the performance of all
ablation procedures in which the target lesion set was not used was reviewed with
investigators; this review showed that all subjects received target lesion sets
recommended in the protocol. Regarding initial use of investigational catheters,
REVELATION ® Tx was used to create linear lesions in all study subjects; initial use ofstudy catheters to ablate the isthmus line occurred in 95% of all procedures. A detailed
discussion is provided below.

It appears that the first concern relates to performance of the same lesion set across study
subjects. Note that lesion sets recommended in the study protocol changed somewhat
during Phase III. In Phase 11B and the initial Phase III protocol, the anterior "D" lesion
was optional. Early in Phase III one patient experienced sinus block, which the
investigator attributed to SA node isolation. The Agency was notified in September 2000
that this lesion was no longer recommended, investigators were notified, and the revised
Protocol (August 2001) reflects this. As reviewed below, no subsequent Phase III subject
received an anterior lesion.

In the PMA submission, the statistical summary of reported lesion sets indicated some
variation in choice of lesion lines. This variation was probably due to several reasons: 1)
the anterior line was optional in Phase IIB and early in Phase III, 2) several subjects had
previous RF ablation of the isthmus for atrial flutter and the Protocol did not require
retreatment of the isthmus line (such patients would have appropriately undergone an
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"AB" lesion set), and 3) case report forms may have had some incomplete or inaccurate
entries. These are reviewed below.

· In the prior PMA submission, seven subjects (five in Phase II, two in Phase III) were
reported to have undergone only lesions A and B. All of these patients had previous
isthmus ablation for atrial flutter, and the protocol did not require retreatment of the
isthmus line. In some of these patients, bidirectional conduction block at the isthmus
line was verified. Four newly reported Phase III patients included in the attached
PMA amendment also underwent only lesions A and B for the same reason.

In the prior PMA submission, ten other subjects (two in Phase II and eight in Phase
III) were reported to have undergone lesions that were not part of the recommended
ABC or ABCD lesion sets. All but two were previously reported to have undergone
three lesions. As part of our normal data quality management process, study sites
were asked for 1) clarification and source documents regarding lesion sets performed,
and 2) review of source documents with study investigators. In written responses
from study sites, all ten subjects were noted by study investigators to have undergone
the three target lesion sets (ABC). One investigator (site 16), who had treated seven
of the ten patients in question, informed us that he had he has never performed an
anterior lesion.

After clarification of lesion sets with study sites, it was found that all lesion sets actually
performed consisted entirely of target sets. In all, six Phase III procedures involved only
lateral and septal lines; all six had undergone isthmus ablation prior to study enrollment.
One Phase III patient had a second procedure in which the isthmus line only was re-
ablated. In the remaining 88 procedures, lines A, B and C were created, consistent with
the recommended lesion set.

The study Protocol had different recommendations for catheter use for ablating the
isthmus line between study Phases. In the Phase IIB Protocol, isthmus ablation was to be
attempted using the REVELATION* Tx catheter, and, if bidirectional conduction block
could not be achieved, according to "standard institutional procedures." In Phase IIB,
REVELATION ® Tx was used initially in 35 of the 36 procedures (97%) in which an
isthmus block was attempted (Table 2). The one procedure in which a non-study catheter
was used represented a second procedure; in the subject's initial procedure,
REVELATION ®Tx was used to ablate the isthmus.

Table 2. Catheters used to ablate the isthmus line in Phase IRB.

Catheteris) Used Frequency %
REVELATION` Tx 15 41.7
REVELATION'- Tx, then other 20 55.6
Other 1 2.8
Total 36 100.0
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In April 2000, at the time of submission of the Phase III Protocol, the Agency advised
Cardima that it must s ecify one RF ablation catheter alternative for the isthmus line
when REVELATION Tx could not achieve the desired result. At that time, isthmus
ablation had already been reported by multiple investigators to be safe and effective to
treat atrial flutter; however, none of the catheters commonly used in these procedures
were approved or cleared in the US for this specific indication. Cardima therefore
developed NAVABLATOR®, a standard' 4-mm hot-tjp catheter, which was deemed to be
the alternative catheter (alternative to REVELATION Tx) to ablate the isthmus line.

Table 3 shows the number and frequency of catheters used to ablate the isthmus line in
Phase III. In only four cases (4.5%) did investigators use a non-study catheter in their
initial attempt to ablate the isthmus line (see attached PMA amendment for specifics on
catheters chosen). This occurred at two sites only. It is not known why these two
investigators chose to use other catheters first. Possible reasons include: 1) the decreased
radius of curvature of NAVABLATOR® compared to other devices, resulting in
insufficient predicted "reach" of the catheter into the right ventricle, or 2) not using a
flutter sheath, a guiding catheter than can be used to extend the reach of
NAVABLATOR®.

Table 3. Catheters used to ablate the isthmus line in Phase Ill.

Catheter(s) Used Frequency %
NAVABLATOR® 51 57.3
NAVABLATOR®, then other 20 22.5
REVELATION' TX 8 9.0
REVELATION® TX, then NAVABLATOR® 3 3.4
REVELATION® TX, then NAVABLATOR®, then other 3 3.4
Other 4 4.5
Total 89 100.0

In six procedures, isthmus ablation was not attempted since it had been performed prior to study enrollment.

Isthmus ablation was added to the study Protocol in an attempt to prevent the occurrence
of atrial flutter after linear AF ablation. Whether isthmus ablation is important for AF
ablation is not clear. Subsequent analyses have not shown that the choice of isthmus
catheters used was significantly related to six-month success rates.

In summary, clarification of lesion sets performed showed that investigator adhered to the
study protocol with respect to performance of the same ablation procedure with the
investigational device. In addition, initial use of non-investigational catheters was kept to
a minimum in all study phases.

'As shown in our in vitro catheter comparison (see Appendix A of attached PMA amendment), when
accounting for the fact that NAVABLATORa is slightly larger (8F) than the other catheters used in the
clinical study (7F), our catheter produces lesions of exactly the expected size.
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d. "The clinical study results were potentially biased by changes to patient
antiarrhythmic medications."

As a result of recruitment criteria, all study subjects had drug-refractory, symptomatic
AF. While changes to antiarrhythmic drug (AAD) regimens did occur during the study,
the impact of those changes was potentially overestimated due to: 1) consideration of
changes among patients who did not achieve target-level reductions in symptomatic AF
episodes, 2) incomplete analysis of the timing of AAD change vs. episode count changes,
and 3) incomplete consideration of the negligible potential impact of new AADs in
subjects with drug-refractory AF. To aid in the interpretation of AAD changes, a
literature-based classification system was used and several alternatives to analysis were
evaluated. Despite AAD changes in the clinical investigation, the observed effect of
catheter ablation on symptomatic paroxysmal AF remained clinically important. A brief
discussion of AAD changes, and their interpretation, is provided below with a fuller
discussion in the attached PMA amendment.

From the outset, it should be acknowledged that consideration of AAD changes in
subjects who did not show target-level reductions in symptomatic AF is not relevant to
the clinical success outcome of the clinical investigation. Subjects who did not achieve
target-level decreases were not, independent of AAD changes, considered to have any
success outcome in the clinical investigation.

To aid in discussion of AAD changes, a literature review was performed, which focused
on the effectiveness of AADs to reduce episodes of symptomatic AF. L)etails of the
review are provided in the attached PMA amendment. It was noted that no guidelines or
recommendations existed for the interpretation of AAD changes, and AAD changes have
been handled variously in the published literature. Most published studies of AADs have
focused on time to recurrence rather than the number of symptomatic episodes, and have
typically not enrolled subjects with drug-refractory AF, limiting the application of such
studies to the current investigation.

Table 4 shows the proposed approach for discussing AAD changes occurring in the
current investigation. "Decrease" and "increase" represent changes that are fairly easy to
determine, based on drug dosages. Addition of rate-control drugs was included as a
separate category, since this maneuver was considered to be unlikely, by itself, to reduce
the occurrence of symptomatic AF in our study subjects. Subjects who started an AAD
to which they were previously refractory were also classified separately, in conjunction
with methods used in many published study reports. Finally, patients who were started
on a new AAD were separately identified. In all cases, the timing of the AAD regimen
change with respect to episode count reductions was evaluated; target-level reductions in
episode counts occurring prior to the new AAD or dose increase were considered to be
attributable to catheter ablation.

In the Phase III study, three subjects had dose increases in AAD regimens; all three had
target-level decreases in episode counts at three months prior to the dose increase; these
subjects were therefore considered catheter ablation successes.
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In the Phase III study, 12 subjects started new AADs; two started amiodarone, six started
flecainide, two started propafenone, one started disopyramide, and one started dofetilide.
Of these 12, one (III-1009) had a target-level decrease in symptomatic AF episode count
prior to beginning amiodarone near the sixth month and was considered a clinical
success. Whether the remaining 11 patients had changes attributable to catheter ablation
or the new AAD depends on one's assumptions regarding AAD effectiveness to reduce
episode counts by more than 50% in subjects with AAD-refractory AF (The published
medical literature provided no evidence to support a reduction of 50% or more necessary
to be considered a clinical success.) Three approaches to analysis that take into account
these assumptions were proposed (Table 5). These approaches allow an organized
discussion of the effect of AAD changes on interpretation of the study's results. Even
with the most pessimistic assumptions, the success rate of right-atrial catheter RF
ablation remained clinically important.

Table 4. Proposed classification of AAD changes in patients with target reduction in counts of
symptomatic AF.

Classification Detail Example Interpretation*
Decrease Off AADs Success

Decrease in dose of Propafenone 100 mg Success
AADs BID - 100 mg QD

Increase Increase in dose of Amiodarone 200 mg Not success
AADs without QD -) 400 mg QD
addition of other
agents

Rate Control Increase in dose or Add metoprolol Success
Drug Only change in type of

rate-control agents
only

New AAD Starting an agent to Add amiodarone at 3 Depends on
which subject not months assumptions regarding
previously exposed AAD effectiveness in

drug-refractory AF
Use Previous Start AAD to which Subject refractory to Success

previously refractory flecainide but not on it
at baseline. Restart
flecainide in follow-up.

*All interpretations depend on timing of AAD change with respect to episode reduction
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Table 5. Approaches for interpreting new AADs and impact on analysis.

Approach Assumption Success Rate2

Patients are drug-refractory. The new AAD
1. Drug-refractory was unlikely to cause a clinically substantialdecrease in episode count by itself. Attribute

the episode reduction to catheter RF ablation.
Despite non-response to 2 or more drugs
prior to enrollment, patients are not really

2. Not drug refractory drug-refractory. The new AAD caused most 36/84 (43%)
of the target-level reduction in symptomatic
episode counts. Attribute the decrease to the
new AAD.
Effect confounded. One cannot tell whether

3. Uninterpretable effect due to AAD or linear catheter ablation. 36/73 (49%)
Exclude such patients as "unevaluable."

Notes: a) Excludes from numerator two patients who achieved target-level symptomatic AF episode reduction but had
AV node ablation plus pacemakers placed within first six months of follow-up; includes three patients as successes
who had increases in AAD regimens that were preceded by target-level decreases in symptomatic AF episodes. See
PMA amendment for full discussion.

Finally, simultaneous with our review and preparation of the above analysis, a substudy
was performed in which two independent, practicing cardiologists not involved with
Cardima were asked to independently develop their own categorization systems for
changes to AAD regimens and apply their system to drug changes occurring in all study
subjects. This study is attached as Appendix C to the PMA amendment. The main
finding of this study was that these cardiologists noted that in some cases addition of a
new AAD did not necessarily represent an AAD increase and sometimes was a decrease.

In summary, a simple, literature-based approach was used to classify Protocol-allowed
AAD changes occurring during the trial. This specific approach allows an organized
discussion of the study's results. Even with the most pessimistic assumptions, the
success rate of right-atrial catheter RF ablation remained clinically important.

e. "The clinical study did not contain careful characterization of the study population in
terms of the pre-existing co-morbidities, such as sinus node function, which made it
difficult to evaluate the effects of the ablation procedure on key patient parameters.

Extensive demographic and clinical baseline information was collected fbr the trial's
study population (Table 6) and this information is reported in the PMA amendment. The
characterization provided ample description of the study population such that a physician
reading the trial can determine whether a patient whose treatment he or she is considering
is similar to subjects treated in our investigation. In addition, the effect of ablation on
key cardiac conduction parameters was assessed after ablation, and follow-up EKGs were
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obtained. Since catheter ablation was not expected to affect sinus node function, this
parameter was not specifically assessed.

The study was designed solely to assess the effects of ablation on the number of episodes
of symptomatic AF, and the study successfully allows assessment of the safety and
efficacy of the device in reducing AF in patients with a variety of pre-existing
comorbidities. The study was not designed to support subgroup analyses.

Table 6. Baseline information collected on study patients in REVELATION® Tx investigations.

1. Demographic variables (age, sex, etc.)
2. AF duration
3. AF symptoms, both subjective and via AFSS
4. Previous interventions for AF, including previous RF ablations
5. Medications used to treat AF at baseline
6. Medications to which refractory
7. Baseline monitoring of symptoms with cardiac event monitors
8. Presence/absence of bleeding disorders
9. Presence/absence of diagnosed heart disease, including structural heart disease

(valvular disease, aneurysm, LVH)
10. Documentation of heart disease via pre-procedure transesophageal

echocardiogram (TEE)
11. Pre-procedure EKG with detailed analysis
12. Follow-up EKGs
13. Pre-procedure stress test
14. Physical examination parameters (weight, heart rate, blood pressure,

cardiovascular findings) before and after procedure
15. Presence/absence of other comorbidities (respiratory, endocrine, renal,

neurological, hematopoietic, lymphatic, musculoskeletal, gastrointestinal,
psychological, immunologic illness)

16. Pre-ablation standard mapping procedure, according to the investigator's
routine practice

17. AH and HV intervals before and after ablation

f "The lack of a control arm made the trial vulnerable to biases and artifacts, such as
placebo effects."

According to the ICH Guidance for Industry document on choice of control group in
clinical trials (May 2001), the before-after design used in the Cardima investigations,
though not containing a control arm, represents a type of external control (section 1.3.5).
External controls are appropriate when the subject's condition is well-documented and
the signs and symptoms are predictable (21 CFR § 860.7(f)(1)(iv)(d), the ICH Guidance,
Section 2.5.1), which was the case for enrolled subjects.
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FDA's Guidance on the Least Burdensome Provisions state that valid scientific evidence
does not necessarily require conducting a randomized trial with a control arm (p. 9) and
the before-after study design has been found satisfactory in other device trials (p. I1).
Furthermore, the provisions recognize a design in which "patients serve as their own
baseline control" (p. 11), which is valid in situations in which there is no satisfactory
intervention for the disease being studied; this was certainly the case in Cardima's study
since all subjects had AF refractory to AADs and other invasive AF procedures were not
considered standard of care.

Finally, the before-after study design used in our trial was in accordance with the
recommendations from the Agency's Advisory Panel Meeting of July 1998 for AF trials
(see p. Ill of transcript).

The similarity of design of our study to most published studies attests to its widespread
application in studies of catheter ablation for AF and allows a reasonable comparison of
results across studies. Sham ablation would not have been acceptable to either patients or
physicians, and RF ablation trials with sham arms have not been performed to date. Most
published trials of AF ablation did not use control arms. Continued pharmacotherapy as
a concurrent control arm would have severely limited enrollment rates.

Cardima took a number of steps to minimize the impact of potential biases and artifacts,
and the study results were, accordingly, interpretable. First, the primary outcome was
measured with event monitors, not retrospective self-report, as done in most studies.
Second, the Protocol required a substantial baseline monitoring period, using the same
reporting protocol as after the RF ablation procedure. Use of a time-invariant protocol
for recording episodes should help to prevent reporting biases.

Due to selection criteria, study subjects were highly aware of their symptoms and
frustrated with previous therapeutic maneuvers. They thus had little motivation to over-
or under-report the occurrence of symptomatic episodes.

Subjects in the study did not receive a placebo or sham treatment, and therefore they
cannot be subject to a placebo effect in the true sense of this phenomenon.

Regression to the mean probably did not play an important role in determination of
device effectiveness. This phenomenon occurs when an extreme portion of a target
population is sampled. In theory, if subjects were enrolled after unusually "bad" months,
with more than the usual number of symptomatic episodes, measurements occurring in
subsequent months would be lower, on average, due to chance alone. This would only be
the case if the study population's underlying mean episode frequency was close to the
threshold value used for qualification. However, the mean baseline number of monthly
episodes (9) was far above the cutoff value (3) and 69% of subjects had five or more
episodes at baseline, suggesting that very few subjects who underwent ablation qualified
as a result of chance. The one-month of baseline monitoring for qualification was
believed by investigators to be of sufficient duration to ensure a representative patient
experience both for study entry and for comparison to follow-up experience. Thus, it is
not likely that regression to the mean is a source of bias in this trial.
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The Hawthorne effect, originally described in research findings from a Chicago-area
utility company in the 1930s, describes a change (in this case improvement) in an
outcome thought to result simply from closely observing the process producing the
outcome. The degree to which the Hawthorne effect affects clinical studies has not been
generally described. In the current study, the Hawthorne effect would have to be
opposite at baseline vs. follow-up in order to introduce bias. Subjects in our study had no
motivation to over- or under-report symptoms simply as a result of study participation.
At least one recent study of biases due to non-specific effects, such as the Hawthorne
effect, on quality of life found that their influence is not clinically significant.'

In summary, the single-arm study design used was appropriate given FDA regulations for
studies of medical devices, the nature of the intervention, the lack of study subjects'
response to pharmacotherapy, and the lack of other standard procedures for AF. Several
steps were taken to minimize potential contributions from sources of bias and artifacts.

2. "In Module 3 of the PMA submission, you provided a report of lesion comparison
testing which was designed to demonstrate that the NavAblatorTM creates lesions that
were similar in depth and degree as legally marketed ablation catheters used in the
clinical study. This bench testing did not include ample number of legally marketed (4
mm) radiofrequency ablation catheters. As previously outlined in an email sent on May
6, 2003, please provide the test results analysis from your catheter comparison teting
with the appropriate sample size, which demonstrates the equivalence of the lesions
created by the subject device and legally marketed catheters used in the clinical study."

A full lesion comparison study was performed, which showed that lesions created by
NAVABLATOR are of similar depth and width, after taking into account the catheter's
slightly larger size, to other, commercially available catheters used for isthmus ablation.
The study is briefly described below and included as Appendix A.

The initial report was too small to permit adequate comparisons. At the Agency's
request, a larger study was performed using a protocol that was initially reviewed by the
Agency, including the comparison devices. The study performed used a more standard
statistical hypothesis (statistical equivalence) and the sample size was increased to 10
samples per catheter. Included are one catheter that is currently commercially approved
for isthmus ablation (Webster Celsius), and a companion catheter (Blazer IL) to one
currently approved (Blazer XP). The study used a standard statistical approach to taking
into account the slightly increased size of NAVABLATOR® (8 Fr) compared with five
other catheters (7 Fr). The study results demonstrate substantial equivalence between
lesions created by NAVABLATO R' and other tested hot-tip catheters.

3. "Please address the following with respect to the Customer Experience Reports
described in P020039/A 002, Volume 1, pages 37-38; Volume 2, pages 81-89, Table F43:

a. This table documents several electrical and cable failures, as well as coagulum
formation. Please provide a detailed explanation of how you plan to address or
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mitigate these failures in order to ensure appropriate catheter performance
during actual use."

b. This table documents several reports of the de-lamination of THV. The rational
to address this issue is insufficient because you have not provided a reasonable
explanation on [sic] how you plan to ensure the manufacturability and quality
assurance ofyour catheters. Please provide a detailed explanation of how you
plan to mitigate the de-lamination of THV in order to ensure the reproducibility
and manufacturability ofyour catheters."

Customer experience reports and resultant corrective actions are summarized below and
described in detail in Appendix B of this letter. All investigations are complete.
Manufacturing improvements in response to these reports, implemented between 1999
and 2001, were generally minor and involved steps to ensure the reproducibility and
manufacturability of the catheters. Since these improvements, further failures have not
been observed. A brief discussion is provided below with more details provided in the
referenced Appendix.

During Phase JIB and III, 23 customer complaints were received concerning electrical
and cable failures, coagulum and THV delamination. The previously submitted tables
provided a preliminary description of our response to those complaints. To date, all
customer complaints have been reviewed and all complaint investigations are currently
closed. A summary of results of these investigations and corrective actions taken is
provided below with further details provided in Appendix B. The complaints received
were not of undue severity or frequency to merit concern. Manufacturing improvements
aimed at addressing relevant changes were minor and ensure the reproducibility of
manufacturing processes.

Electrical Failures

Sixteen failures occurred that were characterized as electrical in origin.

No corrective action was taken for the following reports:

· In five cases, failures were not reproducible
* In two cases, returned devices functioned normally; suspected failed cables were

not available
* In one case, the cause could not be determined
* In two cases, devices were tampered with or cut, preventing determination of the

failure cause
· In three cases, electrical noise was attributed to lack of appropriate electrical

shielding in one clinical site's electrophysiologic equipment. The catheter
probably served as a passive conductor of stray noise.

In two cases, the customer complaint was attributed to investigator mishandling. In one
case (123), all wires connecting the catheter to the proximal connector were severed. In
the other case (174), THV delamination occurred, probably as a result of overaggressive
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cleaning. In both cases, instructions for use help the investigator to handle the devices
properly. In addition, the THV process was improved (see below) to improve the
robustness of the catheter to aggressive cleaning. No subsequent failures of this type
have been observed.

Finally, one case (113) was attributed to manufacturing processes failure resulting in
residual solder flux that was improved in 2002; a cleaning step was improved through the
use of a magnetic strip that holds the catheter in place (see Appendix B for details). No
subsequent failures of this type have been observed.

Cable Failures

Four cable failures were reported in three complaints.

In one, the cable functioned normally in our laboratory and the failure could not be
reproduced.

In one case, the failure was attributed to the laboratory personnel not paying attention to
the connector keyways that help with appropriate orientation of the connection. The role
of these keyways was stressed to laboratory personnel and this failure has not recurred.

In one case, the cable failure was attributed to use of inappropriate techniques to remove
the lead wire from the ECG monitoring system. Over two years ago the lead design was
improved with a strain relief, improving robustness. This failure has not recurred.

Coagulum Reports

One investigator reported (91) mild coagulum formation after approximately 50
deliveries of RF energy. The IFU indicates not to deliver more than 50 RF applications
with a single electrode. Coagulum formation occurs when tissue contact is suboptimal.
Cardima sent a technical guidance document to study investigators, along with a
published article reviewing a coagulum index. 2 No investigator has subsequently
reported a similar problem. In two other cases (90 and 93), coagulum formation,
probably as a result of THV delamination, prevented the physician from removing the
catheter from its guide sheath. These cases were addressed via the THV manufacturing
change (see below).

Delamination of THV
Four reports concerned THV delamination. On examination in our testing laboratory, all
four cases showed roughness of the catheter and mild THV delamination. This was
attributed to aggressive investigator cleaning of the catheter different from that
recommended in the instructions for use. A minor manufacturing process improvement
involving a heating/melting step was implemented in 1999, allowing the THV to flow
into the coil interstices, resulting in a smooth THV transition over the coils. To date, no
further complaints have been received regarding THV delamination.

In summary, investigations of customer complaints resulted in the following types of
findings and actions:
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Table 7. Summary of customer complaint finding and actions.

Finding Action
Unconfirmed failures or device unavailable for None

testing
Electrical noise, probably resulting from the

passive transmission through our catheters into None
equipment without appropriate filtering capability

Lead design improved, technical
Incorrect handling of devices guidance provided to investigators

and laboratory personnel
THV delamination, single electrical failure due to Minor manufacturing improvements

residual solder flux

Since implementation of the minor manufacturing changes, no similar complaints have
been reported. These minor changes, combined with multiple release-point checks during
manufacturing, ensure the reproducibility and manufacturability of catheters.

4. "In Module 4 of the PMA submission, you provided incomplete documentation in
order to support a 3 year shelf life for your devices. In the report, you indicate that aged
samples failed tests and that tests should be repeated on samples having the corrective
actions. However, no data were submitted on these samples. Please provide this
documentation."

Failures observed in the previously reported shelf-life testing are reported below. None
were age-related. All were determined to be related to manufacturing processes, which
have been addressed. A repeat shelf-life validation study (see Appendix C) showed that
these failures did not recur. The shelf-life testing performed is sufficient to ensure the
requested three-year duration.

The section below describes in further detail failures previously reported in Module 4.

Among 34 catheters tested, in ten (see Section 5.5.2) the proximal connector end was
observed to be extending by two to three centimeters out of the dispenser coil. In all
cases the distal section of the catheter with the electrodes remained more than 145 cm
deep in the protective spiral dispenser coil and showed no evidence of damage.
Moreover, the protective primary sterile protection pouch was never compromised. All
catheters were tested and were found to be functionally satisfactory. These observations
suggest that the small extension was an aesthetic observation only, and was not expected
to impact either device performance or sterility.

In 2002, a retainer clip was added to the dispenser coil as a corrective action, and this clip
has been validated (ENG 02-1004-01). Product complaints relating to packaging of
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REVELATION® Tx have not occurred, either before or after this change. Repeated
shelf-life testing specifically aimed at this failure was deemed not necessary due to
retainer clip validation and the fact that the failure was manufacturing-related, not age-
related. In the subsequent three-year shelf-life validation report, these failures were not
observed in 22 devices tested.

Among 34 catheters tested, 25 were observed with green discoloration at the solder
junction (see Figure 1) connecting the internal catheter wires with the electrodes. All
discolorations were observed to be underneath the covering THV laminate, meaning that
blood contact would be extremely unlikely. Of the 25 catheters, two also showed
electrode failures.

Both the discoloration and the electrical failures were attributed to insufficient removal of
residual flux used for soldering, resulting from the catheter not remaining submerged for
a sufficient period of time in cleaning fluid. The residual flux may have etched the
conducting wire, causing the electrical failure. This failure, which is the same as that
described above for customer report #113, was addressed in 2001 (CAR 2001-001), in
which a magnetic strip was added to the manufacturing process, ensuring that the catheter
remains submersed in cleaning fluid during the catheter cleaning step. Complete
adherence to this process has been ensured through thorough re-training (MPI 00296) and
further customer complaints attributable to this failure mode have not occurred. While
the electrical failure occurred as a result of etching of residual flux into the copper
conducting wires over time, the root cause of the failure was manufacturing-related and
addressed with a manufacturing process improvement. All product built prior to the
implementation of this corrective action has expired.
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Figure 1. Schematic diagram showing catheter copper conducting wire connecting to catheter
platinum electrode coil winding. Note that both copper conducting wire and platinum electrode coil

winding are 0.005" in diameter and solder area is 0.003 - 0.005" in diameter.

Repeat Shelf-Life Validation

In December 1999, an addition 22 devices were set aside for real-time aging. Repeat
shelf-life testing was performed per protocol ENP-02-1049 in January to March 2003,
with additional testing through July 2003. Both the protocol and report (ENG-03-1049-
02) are attached in Appendix C of the PMA amendment. This protocol differed from that
previously reported to the Agency in the following aspects:

I. The new protocol added a conditioning requirement prior to aging, which exposes
the product to more stringent conditions (temperatures of 5T to 60C and relative
humidity of 50% - 90%) than simply aging.

2. VP-01 879 required both accelerated aging and real time aging. The new protocol
pertained to real time aging only.

3. VP-01879 included validation of the packaging. However, identical packaging
has already been validated for a three (3) year shelf life according validation
protocols ENG-01-1004 and ENG-01-1035-01. In retrospect, the packaging did
not need to be revalidated as specified in VP-01879.

All aging tests were passed except for the following:

2C0
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Five of 22 samples showed slight discoloration, determined to be copper oxide, on
examination under a microscope. (Note this discoloration is different from the green
discoloration observed in the prior shelf-life testing, which was due to residual flux.) All
discolorations were again observed to be underneath the covering THV laminate,
meaning that blood contact would be extremely unlikely. The catheter met the visual
specifications outlined in the product specification for unaided eye and 1 Ox microscopy
inspection. Under a 40x microscope, uninsulated and/or exposed copper wire was
observed at the solder joints. The area of oxidation was extremely small (0.003 -
0.005"). Root cause analysis determined that excess insulation was removed in
preparation for electrode attachment, and the exposed copper wires were not sufficiently
covered with solder after attachment to the electrodes, thus allowing the wires to discolor.
The corrective action taken to address this problem (CAR 2001-001) included a revision
to the manufacturing procedures to further specify covering uninsulated and exposed
copper wire with solder. All manufacturing employees were retrained to MPI 01160,
with specific attention placed on this instruction. No failures related to open circuits or
discolorations have been reported since.

Biocompatibility testing was performed on the devices containing the discoloration.
These tests (cytotoxicity, acute systemic toxicity, intracutaneous toxicity, and hemolysis)
all showed acceptable results, according to ISO-10993 for an externally communicating
device with limited blood contact. Initial biocompatibility testing for REVELATION®
Tx included sensitization testing. Comparison of the four tests referred to above on aged
samples with initial testing for REVELATION ® Tx showed comparable results; all test
results were acceptable. Therefore, repeating the sensitization test was deemed
unnecessary.

One device had an open circuit at thermocouple 8. The device's remaining
thermocouples and electrodes met specifications. Our root cause analysis determined that
open circuit was a tolerance issue between the catheter strain relief outer diameter (OD)
and the connector collet inner diameter (ID). The connector collet grips the catheter
strain relief outer diameter (OD), creating a mechanical joint between the connector and
the catheter shaft. This joint will assume the torsional or tensile load between the
connector and the catheter shaft when the physician manipulates the catheter for
placement. If the catheter strain relief OD is not large enough for the connect collet to
grip, as was the case with the above device, the solder joints between the conducting
wires and the connector pins will take all the load, and the conducting wires can become
detached from the solder cups when tensile or torsional force is applied to the connector.

As with other failurea noted, the failure mode is manufacturing-related, not age-related.
In a corrective action (CAR 2002-113) the catheter strain relief OD was increased from
0.115" to 0.170" so that the connector collet grips the catheter strain relief, preventing the
severing of the conducting wires. This change was validated (ENG-01-1017-01) and a
100% in-process inspection of the catheter strain relief OD was implemented. Since this
change, no complaints attributable to this failure mode have occurred.

In summary, results from two shelf-life validation protocols showed no failures with age-
related root causes. A small number of manufacturing issues were addressed via minor

2l
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manufacturing process instruction changes. To date, no similar failures in the field have
been reported. The two protocols provide ample evidence for a three-year shelf-life.

Confidential Page 20 January 20, 2004



Cardima, Inc. PMA #P020339/A006

References
1. Bouchet, C., Guillemin, F. & Briancon, S. Nonspecific effects in longitudinal

studies: impact on quality of life measures. J Clin Epidemiol 49, 15-20 (1996).
2. Chan, E. K., Abati, A. L. & Vepa, K. Coagulum index predicts coagulum

formation in right atrial radiofrequency energy delivery to ablate atrial fibrillation.
Pacing Clin Electrophysiol 23, 1856-8 (2000).

Confidential Page 21 January 20, 2004



Cardima, Inc. PMA #P020039/A006

7 RESULTS

7.1 STUDY INVESTIGATORS

Sixteen sites participated in the Phase III investigations. Two sites recruited and

screened subjects, but the subjects did not have sufficient episodes of symptomatic

AF to qualify for ablation. Study sites and the number of subjects who underwent

ablation at each site are listed in Table 13. The investigator participants were a

mixture of actively practicing community electrophysiologists plus a few academic

physicians. This wide spectrum of practitioners ensures the generalizability of the

study's results.

Table 13. List of principal investigators, study sites and number of ablations included in study
report.

Site Number of
Site Principal Investigator Clinical Investigational Site Proceres
ID Procedures

I Sung H. Chun, MD Stanford Medical Center 0
Stanford, CA

3 Hugh Calkins, MD The Johns Hopkins Hospital 2
Hugh Calkins, MDBatmrD Baltimore, MD

Inova Institute for Research and
5 Ted D. Friehling, MD Education 8

Falls Church, VA
6 Roger A. Marinchak, MD Main Line Health Heart Center 4

Douglas B. Esberg, MD Wynnewood, PA

8 Bruce G. Hook, MD New England Heart Institute
Manchester, NI

9 Seth J. Worley, MD Lancaster Heart Foundation 0
9Seth J. Worley, MD LacseP 0 _______

Lancaster, PA
10 Timothy M. Talbert, MD Diagnostic Center

Chattanooga, TN
EHI-Atlantic Health System

Cardiac Medicine &
11 Sanjeev Saksena, MD Elcrpyi4gElectrophysiology

Warren, NJ

14 Abraham G. Kocheril, MD Carle Heart Center 19
Urbana, IL

15 Larry A. Chinitz, MD NYU Medical Center
New York, NY

Wisconsin Center for Clinical
16 Imran K. Niazi, MD Research 1 5

Milwaukee, WIN
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Site Number of
Site Principal Investigator Clinical Investigational Site Proceres
ID Procedures

17 Jose Nazari, MD Cardiac Arthmia Consultants 4
Chicago, IL

1 8 Randy A. Lieberman, MD Harper University Hospital 5
Detroit, MI

19 Roger A. Winkle, MD Sequoia Hospital 4
Redwood City, CA

21 Eli S. Gang, MD Access Clinical Trials
Beverly Hills, CA

23 Aijun D. Sharma, MD Regional Cardiology Associates 15
Sacramento, CA

Total 95

Five additional subjects have undergone ablation in the last four months, but their data are not included in the
analyses performed in this study report.

7.2 SUBJECT CHARACTERISTICS

7.2.1 Subject Accountability

Figure 6 provides the flow of subjects through the Phase 111 investigation. As of

December 10, 2003, 178 subjects have been screened for trial participation. Sixty-one

subjects failed screening, 46 due to insufficient symptomatic AF episode counts,

twelve due to findings on transesophageal echocardiography (mostly left atrial size >

five cm and rarely thrombus or patent foramen ovale) and three for other reasons.

Sixteen subjects withdrew prior to ablation and three are currently undergoing the

baseline monitoring period. Ninety-eight subjects have undergone ablation. Of these,

five have been ablated in the last 4 months and their data have not been included in

this analysis. In all, 93 subjects undergoing 95 procedures comprised the procedure

cohort, i.e., the group of study subjects in whom procedure and safety analyses were

performed.
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Figure 6. Subject accountability in Phase lII study.

Of the 93 subjects in the procedure cohort, three withdrew from the study prior to the

six-month study endpoint, and four withdrew after the six-month endpoint. These
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subjects are described in more detail below. Two subjects at one clinical site have

been ablated in the past six months, and their six month outcome data are pending.

Thus, eighty-eight subjects have completed six months of follow-up. Four of these

subjects were omitted from episode analyses due to low baseline episode counts

(described below), leaving 84 subjects who comprise the effectiveness cohort.

7.2.2 Study Withdrawals

As of December 10, 2003, seven subjects withdrew from the Phase III study prior to

24 months of follow-up. Of these, three withdrew prior to the six-month assessment

(Table 14) and four withdrew after the six-month assessment (Table 15). The latter

group contributed to the six month outcomes analyses presented below.

Table 14. Subjects who withdrew before 6 month study endpoint.

Days from
Subject Comments Ablation to

Withdrawal
Subject's insurance did not cover treatment by study

         investigator. Voluntarily withdrew and underwent AV 122
node ablation and PM placement at hospital covered
under insurance

         Moved out of state 125

          Subject unwilling/unable to do follow-up, experienced 157
anxiety/depression

Table 15. Subjects who withdrew after 6 month study endpoint.

Days from
Subject Comments Ablation to

Withdrawal

       Developed asymptomatic brady + 2-second pauses at 6 132
weeks. DDD placed two days after 6-month visit

         Pursued investigational drug treatment, DDDR at 8 312
months followed by AVN ablation at 10 months

         Developed atrial flutter then persistent AF, had AVN + 286
VVIR at 3 months

         Moved to different country 110

All three subjects who withdrew prior to six months did so for non-study-related

reasons. One moved out of state and one could no longer participate due to an
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insurance change and non-coverage of the study site investigator. The covered

provider recommended AV node ablation and pacemaker treatment for AF, which the

subject received. One subject withdrew because anxiety and depression prevented

full participation.

Of the four subjects who withdrew after the six-month endpoint, two were treated

with AV node ablation and pacemakers and one withdrew for a non-study-related

reason. The remaining subject (512) had asymptomatic pauses noted on study

transmissions. Despite stopping beta-blockers, the subject continued to have sinus

bradycardia and asymptomatic pauses. The subject underwent pacemaker placement

two days after the six-month study visit for treatment of tachy-brady syndrome,

which was noted by the investigator to be a pre-ablation condition, and not a result of

catheter ablation.

7.2.3 Demographic Characteristics

In the procedure cohort, 93 subjects underwent RF ablation with the REVELATIONS

Tx. Mean subject age was 58 years (range 28 to 78) (Table 16). Seventy-four

percent of subjects were male, and men were slightly younger.

Table 16. Descriptive statistics for age by gender

Age
Frequency % Mean Std Min Median Max

Gender
Female 24 25.8 62.2 9.8 42 63 77

Male 69 74.2 56.8 10.0 28 58 78
Total 93 100.0 58.2 10.2 28 59 78

7.2.4 Medical Characteristics - Cardiovascular Disease

Sixty-nine (76%) subjects had some form of concomitant cardiovascular disease;

however, due to exclusion criteria and screening, study subjects did not have

significant structural heart disease. Table 17 provides details of prior cardiac

interventions. Thirty subjects (32%) had previous RF ablation procedures; 24 were
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for atrial flutter, 7 for AF and 4 for other indications.' On average, subjects reported a

history of symptomatic AF for 5 years (range < 1 year to > 8 years, Table 18).

Table 17. Details of previous cardiac interventions (N=93).

Type of Intervention Frequency* %
No Prior Cardiac Interventions 71 76.3
RF Ablation 30 32.3
DC Cardioversion 7 7.5
Pacemaker 6 6.5
CABG 10 10.8
Angioplasty/Stent 6 6.5

*Some subjects had more than one prior cardiac intervention

Table 18. Duration of AF prior to ablation (N=93).

Frequency %
Duration of AF (years)
< I year 17 18.3
1 to 2 years 10 10.8
2 to 3 years 11 11.8
3 to 4 years 14 15.1
4 to 5 years 2 2.2
5 to 8 years 17 18.3
> 8 years 22 23.7

7.2.5 EKG Findings at Baseline

EKG findings were common at baseline, which was not unexpected given the study

recruitment criteria (see Table 19). AF was present in 23 (25%) subjects and

conduction abnormalities were common.

Values do not sum to 30 because some subjects had dual indications.
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Table 19. EKG findings at baseline (N=93).

Finding Frequency %
Rhythm
Normal sinus rhythm 40 43.0

Sinus bradycardia 23 24.7
Premature atrial contractions 3 3.2
Atrial tachycardia I 1.1
Atrial fibrillation 23 24.7

Atrial flutter 3 3.2

Unifocal PVCs 3 3.2
Paced 6 6.5
Conduction
Normal 59 63.4
First degree block 3 3.2
Right bundle branch block 3 3.2
Left bundle branch block 2 2.2

IRBBB 2 2.2
Intraventricular conduction delay 3 3.2
ST-T wave abnormalities 15 16.1

Other 14 15.1

Morphology __

Normal 84 90.3

RA hypertrophy I 1.1
LA hypertrophy 2 2.2
RV hypertrophy I 1.1

LV hypertrophy 1 1.1
Other 4 4.3

7.2.6 Medical Characteristics - Other Disease

Other concomitant disease was fairly common among study subjects (Table 20).

Thirty-three percent had respiratory disease, 30% had endocrine disease and 45% had

musculoskeletal disease.
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Table 20. Frequency of concomitant baseline medical disease (N=93).

Medical History Frequency %
Respiratory 31 35.5
Endocrine 28 32.3
Renal 20 23.7
Neurological 21 24.7
Hematopoetic 2 2.2
Lymphatic 1 1.1
Musculoskeletal 42 48.4
Gastrointestinal 38 44.1
Immunologic 5 5.4
Psycholog~ical 9 10.8

7.2.7 Baseline Cardiac Status

7.2. 7.1 Functional Status

All subjects had good cardiovascular functional status, as indicated by New York

Heart Association (NYHA) class ratings of I in 68 (74%) and II in 24 (26%) (Table

21).

Table 21. Baseline NYHtA status (N=92).

INYHA Classification Frequency % I
I ~~~68 73.9

II 24 26.1
*Value not completed by one study investigator. According to the investigator, the
subject had good overall cardiovascular status. The NYHA question was not answered
since it was perceived to be "not relevant" for subjects without heart failure.
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Despite good functional status, subjects reported frequent occurrence of symptoms

related to AF at baseline (Table 22). Eighty-eight percent had palpitations, 58%

fatigue, 49% shortness of breath, 36% lightheadedness and 21% chest pain.

Table 22. Baseline symptoms of AF episodes (N=93).

Symptom Frequency %
Palpitations 82 88.2
Fatiguea 53 57.6
Shortness of breatha 45 48.9
Lightheadednessa 33 35.9
Chest pain' 19 20.9

a) I response missing; b) 2 responses missing

7.2.7.2 Baseline Symptom Episode Frequency

Table 23 provides the distribution of baseline symptomatic episodes recorded using

cardiac event monitors. Subjects with fewer than 3 episodes at baseline were not

qualified to undergo RF ablation in this study. Twenty-seven subjects (29%) had 10

or more episodes at baseline; 11 (12%) had 20 or more at baseline. The mean (+SD)

number of episodes at baseline was 9.7 + 9.2.

Table 23. Distribution of number of symptomatic AF episodes occurring during the baseline 30-day
monitoring period.

Baseline Episodes Frequen %
3 15 16.1
4 14 15.1
5 8 8.6
6 12 12.9
7 4 4.3
8 5 5.4
9 8 8.6
I0 to 14 9 9.7
15 to 19 7 7.5
20to29 7 7.5
30+ 4 4.3
Total 93 100.0
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7.2.8 Baseline Quality of Life

Quality of life was assessed at baseline and follow-up periods using two instruments:

the Medical Outcomes Study's Short-Form 36 (SF-36) and the Atrial Fibrillation

Symptom Score.

7.2.8.1 SF-36 Scores

Table 24 provides a comparison of baseline SF-36 scores among subjects in the Phase

111 trial with those in a general US population. Compared to the general US

population, REVELATION® Tx trial participants showed substantially lower role

physical and vitality scores, consistent with the presence of symptomatic AF and a

meaningful impact of AF on physical health.

Table 24. Comparison of SF-36 scores in Cardima clinical trials to other literature.

General US
Population REVELATION® Tx Study

Scores g Baseline

SF-36 Scale Mean SD Na Mean SD
Physical
Functioning 84.2 23.3 89 70.3 25.5
Role Physical 80.9 34.0 91 41.2 43.2

Role Emotional 81.3 33.0 90 65.6 39.5

Bodily Pain 75.2 23.7 92 71.0 23.6

General Health 71.9 20.3 91 63.3 20.6
Vitality 60.9 20.9 92 46.9 21.9
Social Functionig 83.3 22.7 92 70.7 26.9

Mental Health 74.7 18.1 92 74.0 16.9
a) baseline responses missing in I to 4 subjects across dimensions

7.2.8.2 Atrial Fibrillation Severity Scale

Atrial Fibrillation Severity Scale (AFSS) scores were determined at baseline and in

follow-up using an adapted version of Dorian's original instrument.56 Table 25

provides descriptive statistics for scores for each question, adjusted to a 0-to-I 00

scale (higher scores indicates better health).

See US Population Norms, 1998, at http://www.sf36.com
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Table 25. Baseline AFSS scores by study phase.

AFSS Dimension N Mean Std
Episode Frequency 92 32.7 19.2
Episode Duration 91 43.6 25.9
Episode Severity 92 49.0 23.4
Total AFSS 91 41.3 14.7

Given that normative ranges are unavailable, these baseline findings were interpreted

as showing that study subjects had frequent episodes of arrhythmia of moderate

duration and of medium severity.

7.2.9 Medications at Baseline

To qualify for ablation, subjects were required to have drug-refractory, symptomatic

paroxysmal AF. Drug-refractory was defined as lack of clinical response, as judged

by the investigator, to two or more AADs or to amiodarone alone. The requirement

for drug refractoriness, which was consistent with the 1998 FDA Advisory panel

recommendations for clinical trials of device-based treatment for AF, ensured that

patients had exhausted all standard therapies before undergoing the investigational

procedure. On average, subjects were refractory to 2.9 AADs (median 3).

Medications to which subjects were refractory are shown in Table 26. Thirty-eight of

93 (41%) had tried and failed amiodarone.
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Table 26. Generic drug names to which subjects were refractory at baseline.

Drug name Frequency
Amiodarone 38
Atenolol 19
Azimilide 2
Bisoprolol 1
Digoxin 24
Diltiazem 26
Disopyramide 8
Dofetilide 11
Flecainide 20

Metoprolol 15
Mexilitine 1
Moricizine 1
Procainamide 6
Propafenone 31

IPropranolol
Quinidine 7
Sotalol 45
Verapamil 10

Discussion. The recruited study population had baseline medical characteristics and

concomitant conditions consistent with expectations for patients with paroxysmal AF.

The recruited population appeared to meet the Agency's recommendations that

subjects be highly refractory to standard medical treatment for AF.

Confidential Page 76 of 293 January 20, 2004 9
VOLUME 12



Cardima, Inc. PMA #P020039/A006

7.3 PROCEDURE FEATURES AND RESULTS

Ninety-three subjects underwent 95 RF ablation procedures with the REVELATION®

Tx Microcatheter system (two subjects underwent a second procedure, see below).

The denominator for all procedure-related analyses is therefore 95. All procedures

were performed between September 2000 and August 2003.

7.3.1 Sheath Insertion Site and Sedation Used

The RF ablation procedure was performed using standard venous access. In nearly all

cases (92/95, 97%) access was via the right femoral vein. Conscious sedation was

used in 57 of 95 (60%) procedures; subjects had general anesthesia in the remaining

38 (40%).

7.3.2 Rhythm at Procedure

At the start of the procedure, 25 (26%) were in AF, 55 (58%) were in NSR and 15

(16%) were noted to be in other cardiac rhythms (either sinus bradycardia or atrial

flutter). During the procedure 42 (44%) underwent cardioversion with either

medication treatment or DC energy.

7.3.3 Procedure Times

Mean (SD) procedure time was 218 (111 ) minutes; mean investigational catheter time

was 162 (74) minutes; mean fluoroscopy time was 43 (42) minutes (see Table 27,

Table 28, Table 29, respectively). There was modest variation of procedure,

investigational and fluoroscopy time across study sites. However, such variation was

expected due to use/non-use of different mapping techniques, and the use of different

baseline electrophysiologic testing procedures, both of which were allowed by the

study Protocol. Across sites, maximum procedure times ranged from 131 to 549

minutes.
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Table 27. REVELATION® Tx procedure time by study investigator (N=95).

Procedure Time
Mean StdMin Median Max

Investigator
3 2 270 7 265 270 275
5 8 163 46104 167 229
6 4 348 98250 332 478
8 1 131 - 131 131 131
10 8 185 50.107 180 241
11 4 314 102225 284 461
14 19 131 26 100 125 190
15 1 209 - 209 209 209
16 15 221 75 130 203 421
17 4 372 120 285 326 549
18 5 406 140 247 494 530
19 4 157 7 150 156 165
21 5 265 49192 272 330
23 15 193 44 112 200 268
Total 95 216 100100 190 549

Table 28. REVELATION® Tx investigational catheter time by study investigator (N=95).

Investigational Catheter Time
Mean StdMin Median Max

Investigato
3 2 180 21 165 180 195
5 8 107 29 70 105 168
6 4 263 78 160 282 330
8 1 113 -113 113 113
10 8 172 54 81 166 235
11 4 206 56 155 194 280
14 19 124 24 99 120 180
15 1 189 -189 189 189
16 15 187 79 95 170 406
17 4 291 136 165 262 475
18 5 201 111 111 155 385
19 4 128 17 112 125 152
1 5 164 63 108 154 260

23 15 130 53 35 126 233
Total 95 162 74 35 143 475
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Table 29. REVELATION ® Tx fluoroscopy time by study investigator (N=95).

Fluoroscopy Time
Mean St MinMedianMax

Investigato
3 2 61 8 55 61 66
5 8 26 5 20 24 34
6 4 16 7 10 15 26
8 1 20 - 20 20 20

10 8 18 4 14 17 27
11 4 42 3 39 43 45
14 19 20 7 11 18 42
15 1 38 - 38 38 38

16 15 39 1915 37 95
17 4 109 6564 84 204
18 5 154 85 73 131 265
19 4 74 22 52 70 102
21 5 81 15 55 90 90
3 15 27 11 13 26 54

Total 95 43 4210 28 265

7.3.4 Study Catheters

7.3.4.1 Linear Lesions

In all study procedures, REVELATION® Tx alone was used to create linear lesions in

the right atrium.

7.3.4.2 Isthmus Ablation Catheters

The protocol required ablation of the tricuspid-cavo isthmus in order to prevent atrial

flutter in follow-up and to treat a potential substrate or site of origin for AR. In Phase

III, NAVABLATOR®, a hot-tip catheter that produces lesions similar to other hot-tip

catheters,h was added as the recommended ablation catheter for the isthmus line. If

the Cardima catheter could not be used successfully to ablate the isthmus, the

Protocol permitted the use of standard institutional procedures to complete the

See attached in vitro comparison of NAVABLATOR "' and other hot-tip catheters.
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isthmus line. (Note that in January 2003, Cardima notified investigators that

NAVABLATOR® should be the sole catheter used in the procedure).

In Phase III, NAVABLATOR® was used in 77 of 89 (87%) procedures in which

isthmus ablation was attempted (see Table 30). (Note that 6 subjects in Phase III had

previous isthmus ablations; the Protocol did not require isthmus retreatment.)

NAVABLATOR® was the first catheter used in 71/89 (80%) of procedures. In 14

procedures (16%) REVELATION' Tx was used as the initial catheter, which was

permitted by the study Protocol. In four procedures (3 at one site, 1 at another), a

study catheter was not used initially to ablate the isthmus (Table 31). In the

remaining 85 procedures (95%), study-related catheters were used initially.

Table 30. Isthmus catheters used in Phase 1II.

Isthmus Catheter Used Frequency %
NAVABLATORe 51 57.3
NAVABLATOR'u, then Other 20 22.5
REVELATIONW Tx 8 9.0
REVELATION(R®Tx, then NAVABLATOR 3 3.4
REVELATION" Tx, then NAVABLATOR, then Other 3 3.4
Other 4 4.5

I Total 8Total ~~~ ~~~~~~89 100.0

Table 31. Non-investigational study catheters used initially to ablate the isthmus.

Catheter name Frequency
Navistar (Biosense) 1
Atakr (Medtronic) I
Marinr (Medtronic) 2

In 23 cases, bidirectional conduction block was not achieved with study-related

catheters alone (NAVABLATORV or REVELATION' Tx) (Table 30). Table 32

shows a list of other catheters used to ablate the isthmus when it could not be

achieved with study catheters alone.
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Table 32. Other catheters used to complete isthmus ablation when NAVABLATOR® or
REVELATION® Tx were not used.

Catheter Used Frequency
Blazer II (Boston Scientific)a 10
Navistar (Cordis)b 5
MARINR (Medtronic) 5
Cooltip (Cardiac Pathways) 1
Stinger (Bard) 3
Total 23
a) Blazer II is legally marketed for the interruption of accessory atrioventricular

conduction pathways associated with tachycardia, AV nodal reentrant tachycardia,
and for AV nodal ablation in AF with rapid ventricular response; Blazer I1 XP, an 8
mm variant of Blazer II, is legally marketed for isthmus ablation for atrial flutter

b) Legally marketed for the creation of isthmus lesions in atrial flutter. Two other
catheters used in one case.

7.3.5 Procedure Endpoints

7.3.5.1 Amplitude Reductions

In a July 1998 Advisory Panel meeting on the design of clinical trials of AF, it was

noted that no acute physiologic endpoint existed for AF procedures that denoted the

achievement of a specific outcome indicating that the procedure was complete.

Acknowledging this, the study Protocol required investigators to document a proxy

measure: reduction of the amplitude of atrial electrogram amplitudes after ablation.

The protocol required documentation of paired before- and after-ablation

measurements for each electrode for each lesion created.

Amplitude reductions were measured in 83 of 95 (87%) procedures performed in

Phase III. On occasion before-after measurements were not paired by electrodes; in

all, 74 of 95 (78%) procedures had electrode-paired measurements. Table 33 shows

mean atrial electrogram amplitudes before and after the procedure. On occasion, the

REVELATION® Tx catheter is placed with its distal or proximal electrodes outside of

the electrically active portion of the right atrium; in this case, ablation is carried out

on fewer than eight electrodes. This explains why there are fewer subjects in whom

electrode measurements were performed than lesion measurements.
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Table 33. Paired atrial amplitude measurements before and after ablation procedure.

Electrogram Electrogram
Number Amplitude, Before Amplitude, After

of Number of (mV) (mV)
Subjects Measurements Mean Std Median Mean Std Median

Lesion
Posterolateral 74 504 1.31 1.98 0.68 0.77 1.87 0.40
Septal 68 424 1.62 3.09 0.92 0.96 2.85 0.50
RF
Electrodes

1 41 105 1.28 2.04 0.62 0.88 2.21 0.40
2 56 128 1.00 1.16 0.64 0.55 0.58 0.39
3 43 110 1.72 2.88 0.93 1.22 3.18 0.47
4 58 134 1.34 1.33 0.93 0.65 0.77 0.44
5 44 109 2.16 4.35 1.10 1.61 5.31 0.50
6 58 133 1.44 1.42 1.00 0.60 0.56 0.41
7 40 101 1.60 4.11 0.60 0.86 1.56 0.40
8 54 108 1.21 1.32 0.61 0.65 0.70 0.40

The table shows measurements of amplitudes for posterolateral and septal lesions created by REVELATION" Tx only.
Since the REVELATION" Tx catheter is occasionally placed with its distal or proximal electrodes outside of the
electrically active portion of the right atrium, the number of subjects with particular electrode measurements may be
smaller than the number of subjects with lesion measurements.

Figure 7 shows a plot of atrial electrogram amplitudes after the procedure vs. before

the procedure. The majority of the points are below the identity line, indicating that

ablation has reduced the measured amplitudes in most cases. The "scatter" of the plot

indicates that amplitude reduction is subject to substantial variation across subjects

(see below for discussion).
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Figure 7. Plot of post-ablation amplitude vs. pre-ablation amplitudes in Phase III subjects with
paired pre-post measurements.

Values under the dark identity line show electrode measurements in which the post-procedure value is lower than the
pre-procedure value. Values under the dotted line show measurements whose post-procedure value is less than half of
the pre-procedure value.

Using a hierarchical mixed model regression approach, mean reduction in log

amplitude (my) was 0.36, indicating that, on average, measurements made after the

ablation were 44% (i.e., 1 0013) as large as those prior to ablation, demonstrating that

ablations using REVELATION a Tx resulted in a substantial (5 6%) decrease in atrial

electrogram amplitudes. Regression models included a random term for study

investigator (since there was variation in both mean reduction and pre-ablation
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amplitude across investigators). In addition, all regressions were performed on the

log scale since data were log-normally distributed.

Discussion. While pre- and post-procedure amplitude measurements are of interest,

several caveats should be applied to these data.

Inexact measurements. Before-after measurements of atrial amplitudes may be

inaccurate and are likely to underestimate the true amount of amplitude reduction

caused by ablation. Before-ablation measurements took place before any application

of RF energy, and after-ablation measurements were generally recorded after RF

energy had been applied through all targeted electrodes for the particular lesion. If

the subject coughs, talks or otherwise moves during ablation, the catheter location

may change; this would result in the post-ablation measurement being artificially

high, since tissue located more than a few millimeters from the point of electrode

contact remains intact. With ablation, the mass of atrial tissue in contact with the

electrode may change. In addition, endocardial conduction velocity near the

electrode and the vector of conduction direction can also change after ablation. All of

these changes can potentially affect the post-ablation measurement, most likely

inflating its value. Consequently, the post-ablation measurement is likely to represent

both a "rough approximation" and a minimum change.

Not necessarily relevant measurement. In its typical application, endocardial

ablation targets a single myocardial focus of reentry using a single electrode at the

catheter's tip. The ablation target is a single focus of reentry. When successfully

ablated in these procedures, the electrogram is visibly different than that recorded by

adjacent electrodes, usually showing an absence of electrical activity at the ablation

location.

The goal of linear ablation for AF is substantially different. Rather than a single

focus, the target of ablation is substrate modification and the creation of lines of block

using a multi-electrode catheter. At the time of trial design (and arguably even

today), there was no accepted measurement for determining whether a line of block

has occurred. Measurement of a decrease in atrial electrogram amplitudes along the
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lesion location clearly demonstrates that atrial endocardial tissue has been ablated.

However, while the design of the REVELATION® Tx catheter promotes the creation

of lines of block in the atrium, measurement of atrial electrogram amplitude

reductions does not guarantee that a line of block has been successfully created.

While newly developed contact- and non-contact mapping techniques can show these

lines of block, these expensive technologies are not standard of care; moreover,

whether using these techniques to demonstrate such lines is predictive of long-term

patient success has not been shown. Theoretically, the ablating catheter may be

placed orthogonally to the ablation line just created; pacing can be done on one side

and measurement on the other. However, the flow of electrical signals crossways to

the lesion is difficult to predict; whether the change in electrical flow from before to

after the line creation is predictive of long-term success is not known. Due to the lack

of a convenient and clinically relevant endpoint, a decrease in atrial electrogram

amplitudes was selected as a proxy measurement. It is possible that the perceived lack

of predictive value of these lines explains why not all investigators consistently

recorded these data.

In summary, amplitude measurements provide strong evidence that, 1) investigators

complied with the electrical amplitude measurement aspect of the study protocol

despite its lack of perceived utility, and 2) substantial reductions in amplitudes at

created lesions were observed. Whether such reductions indicated that the procedure

had reached a physiologic endpoint is not known; moreover, whether reductions were

predictive of long-term outcome was not determined.

7.3.5.2 Bidirectional Conduction Block and Long-Term Success

The acute procedural endpoint of isthmus ablation was bidirectional conduction block

(BDC). BDC indicates that the flow of electrical impulses through the isthmus on

pacing in the coronary sinus has been blocked. BDC may be an important outcome in

the treatment of atrial flutter. However, whether the achievement of BDC in isthmus

ablation helps to prevent recurrent AF episodes is not known.
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In all, BDC was demonstrated in 74 of 89 (83%) subjects in whom isthmus ablation

was attempted. (Six subjects had prior isthmus ablation, and the Protocol did not

require repeat isthmus ablation.) Among subjects in whom isthmus block was

attempted initially with NAVABLATOR®, BDC was established in 45 of 71' (63%)

using NAVABLATOR® alone. When another catheter was also used, BDC was

demonstrated in 60 of 71 (85%). Similarly, among subjects in whom

REVELATION® Tx was used initially, BDC was demonstrated in 7 of 14 (50%)

using study catheters (REVELATION® Tx or NAVABLATOR®) only. In 3 cases,

use of another catheter was required to achieve BDC.

Table 34. Number of subjects in whom bidirectional conduction block was demonstrated or
attempted by isthmus catheter used.

Bidirectional Conduction Block
Demonstrated Attempted

NAVABLATOR® 45 51

NAVABLATOR' then Other 15 20

REVELATION® Tx 4 8

REVELATION ® Tx then NAVABLATOR® 3 3

REVELATION® Tx, NAVABLATOR®, then Other 3

IOther 44

Total 89

The relevance of BDC to long-term treatment success in catheter ablation of AF is not

known. As discussed further in a section below, the reduction in symptomatic AF

episodes was higher among subjects in whom BDC could not be demonstrated (88%

vs. 51%, p <0.001, Fisher's exact test, see Table 35). (For complete reporting of

successful reduction of AF episodes, see the section entitled "Episode Reduction"

below.) This finding highlights the fact that the physiologic measurement used to

judge success of isthmus ablation may not be particularly relevant to procedures

aimed at the treatment of AF. Similarly, subjects in whom a non-study catheter was

'51 (NAVABLATOR '®) + 20 (NAVABLATOR ® plus other)
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used were not more or less likely to show successful reduction in symptomatic

episodes at 6 months.

Table 35. Episode reduction success rates by achievement of bidirectional conduction block.

Bidirectional conduction block achieved Demonstrated/Attempted* % Success

No 14/16 87.5
Yes 33/65 50.8

Total 47/81 58.0
Isthmus catheter used
NAVABLATOR® 24/45 53.3
NAVABLATOR® then Other 11/18 61.1

REVELATION® Tx 7/8 87.5

REVELATION® Tx then NAVABLATOR® 1/2 50.0
REVELATION Tx, NAVABLATOR®, then Other 1/2 50.0

Other 1/4 25.0
Total 45/79 57.0

*Excludes subjects in whom isthmus ablation was not attempted since it had been performed prior to study

entry.

Bidirectional conduction block (BDC) was the primary physiologic endpoint used to

determine whether an isthmus ablation was a success. BDC was achieved with study

catheters alone less often than expected, requiring investigators to use non-study-

related catheters to complete BDC. The lower success rate was attributed primarily to

non-use of a flutter sheath. Flutter sheaths are guiding catheters used specifically to

position ablation catheters. Use of a flutter sheath with NAVABLATOR® extends its

reach, allowing the investigator to place the tip of NAVABLATOR® into the right

ventricle, as required by the Protocol. As the trial progressed, it was observed that

investigators did not make sufficient use of flutter sheaths, and such use was

promoted via newsletters mailed to study sites. The observed rate of achieving BDC

with NAVABLATOR® alone (63%) was probably consistent with the expected rate,

given non-use of flutter sheaths. The rate would likely have been higher had flutter

sheaths been used consistently.

Notably, isthmus ablation is performed to prevent atrial flutter, not AF. Subjects who

had successful ablation were not more likely to be treatment successes (i.e., achieve

target-level reductions in the six-month symptomatic AF episode counts). Therefore,
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the relevance of the decreased BDC rate with study catheters observed in this study to

actual patient outcomes is quite low. This should be kept in mind when evaluating

the overall performance of the REVELATION® Tx system.

7.3.5.3 Conductivity

Investigators measured A-H and H-V intervals before and after the procedure, in

order to determine whether there was any damage to critical conduction pathways.

Ranges and mean values for A-H and H-V intervals did not appear to change after

ablation, indicating no apparent clinical effect on standard conduction pathways

(Table 36).

Table 36. A-H and H-V intervals before and after ablation.

Electrographic feature N Mean StdErr Min Max
Pre Ablation, A-H Interval (msec) 83 100.2 3.9 39 266
Post Ablation, A-H Interval (msec) 84 96.6 3.1 34 196
Pre Ablation, H-V Interval (msec) 86 53.1 1.8 24 129

Post Ablation, H-V Interval (msec) 86 52.8 1.4 24 105

7.3.6 Lesion Sets

The Phase III protocol defined a standard lesion set, referred to as ABC, that

included:

A. Inferior vena cava (IVC) to superior vena cava (SVC) posterolaterally
B. SVC to IVC posteroseptally
C. Isthmus line, IVC to tricuspid annulus (TA)

Previously a variety of lesions sets were reported. In July 2003 study site

coordinators and investigators were asked, through routine data query practices

established at the initiation of the clinical study, to review operative notes and case

report forms (CRIs). In several cases, investigators appeared to have misunderstood

the CRFs, marking categories that did not conform to the procedures actually

Due to fear of AV node damage, the Phase III study eliminated the anterior "D" lesion (September 22,

2000).
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performed. Investigators' written responses helped to clarify lesion sets actually

performed in Phase III subjects. When reanalyzed, it was found that no investigator

created what could be considered an anterior ("D") lesion, and lesions created (Table

37) conformed to the target set in all cases. Note that six subjects had prior isthmus

ablation ("C") and did not undergo repeat ablation; also, one subject had a second

procedure in which the isthmus only was ablated.

Table 37. Lesion sets performed.

Frequency %
Composite lesion
lines ablated
AB 6 6.3
ABC 88* 92.6
C 1* 1.1
Total 95 100.0

A = lateral; B = septal; C = isthmus
*one repeat procedure each

7.3.6.1 Second Procedures

Only two subjects at one site underwent repeat ablation procedures in Phase Ill; both

repeat procedures were for atrial flutter. One subject             had a repeat isthmus

ablation at 175 days after the initial procedure. This was done for recurrent atrial

flutter. The other subject             underwent repeat ablation at 223 days after the

initial procedure. The subject had experienced atrial flutter (symptoms unknown). In

the electrophysiology laboratory, the subject was found to have atypical atrial flutter

and she went into AF during the procedure. "Gaps" were noted using non-contact

mapping techniques in the isthmus line as well as the lateral and septal lines; these

were "touched up" using NAVABLATOR®. The final procedural diagnosis was

atrial flutter. The six-month episode counts used for this were based on a monitoring

period six months after the second procedure. Note that in many published study

reports, a large proportion of subjects undergo more than one ablation procedure. In

contrast, in the current investigation, only two subjects underwent repeat procedures.
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7.3.7 Catheter Performance

Investigators evaluated REVELATION® Tx catheter performance on five

fundamental characteristics (see Table 38). Overall catheter performance was rated

very good to excellent 82% of the time. All five of the fundamental characteristics

were rated good to excellent in more than three-quarters of the ratings.

Table 38. Investigators' performance evaluation of REVELATION® Tx Microcatheter.

____ ____ R ating (/)

Very
N Excellent Good Average Fair Poor

Performance Characteristic
Ease of Placement -93 38.7 36.6 22.6 2.2 -

Stability of Placement 93 46.2 32.3 1. .

Radiopacity 93 51.6 30.1 14.0 4.3 -

Pacing a 79 30.4 34.2 32.9 - 2.5

RF Energy Application 93 41.9 46.2 9. 22 -

Overall Performance 93 40.9 41.9 14.0 3. -

a) Pacing nor evaluated by all investigators

Pacing received the weakest evaluation, with only 51 of 79 (65%) respondents rating

it good to excellent. It was thought that investigators were unaccustomed to pacing

with the 3.7 Fr REVELATION® Tx as opposed to the conventional 7 Fr ablation

catheter. Pacing with the REVELATIONO Tx requires less mechanical force to

achieve appropriate contact with the endocardial tissue than the conventional catheter,

so there is a different feel initially. The REVELATION® Tx catheter is also

configured differently for pacing than the conventional ablation catheter, having eight

electrodes rather than the two at the tip, proximal and distal, normally used for bipolar

pacing.

Table 39 shows evaluation results for the NAVABLATOR®. Overall performance of

the NAVABLATOR® was very good to excellent in 42% and average to excellent in

63%. Ease of placement and ease of deflection were rated very good to excellent in

44 and 48%, respectively. All other ratings were very good to excellent in 50% or

more, and average to excellent in 80% or more.
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The relatively lower ratings for NAVABLATOR® were attributed to a sub-optimal

deflection mechanism, which has been improved during the course of the

investigation, and non-use of flutter sheaths. The Protocol-allowed standard

institutional procedure using conventional 7 Fr tip ablation catheters included use of a

guiding sheath to enhance stability and access or reach. Investigators who used the

NAVABLATOR® did not realize initially that they could use such a sheath with the

investigational device as well, which would have enhanced the performance of the

NAVABLATOR® in the same way a guiding sheath enhances the performance of a

conventional catheter. When a guiding sheath was used with the NAVABLATOR®,

bi-directional block can be more readily achieved.

Table 39. Investigators' performance evaluation of NAVABLATOR®.

Rating (%)
Very

N Excellent Good Average Fair Poor

Performance Characteristic
Ease of Placement 81 23.5 21 22.2 18.5 14.8

Ease of Deflection 81 28.4 19.8 13.6 22.2 16

Stability of Placement 81 27.2 23.5 30.9 9.9 8.6

Stability of Deflectable Tip 80 26.3 26.3 30 6.3 11.3

Radiopacity 80 50 28.8 20 1.3 -

Pacinga 57 35.1 28.1 36.8 - -

Energy Application 77 35.1 23.4 27.3 9.1 5.2

Overall Performance 79 27.8 13.9 21.5 25.3 11.4
a) Pacing not evaluated by all investigators

Discussion. Performance of linear catheter ablation with REVELATION® Tx

Microcatheter system was accomplished via standard electrophysiologic techniques

for sedation and cannulation, and used a standardized target lesion set. Procedure

time was fairly long in the Phase II clinical trial; however, much of the added length

was due to the extra burden of measurement associated with the clinical trial and

would not be expected in clinical practice. With development of a more sophisticated

switchbox (in progress at Cardima), the entire procedure is estimated to take one to

two hours.
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During the clinical trial, use of non-study-related catheters was kept to a minimum.

REVELATION® Tx, the primary technology tested in the trial, was used in 100% of

linear lesions created. Lesion sets created were uniform across study subjects. The

primary procedure-related outcome for the creation of linear lesions with

REVELATION® Tx, the measurement of decreases in atrial electrogram amplitudes,

was documented in most subjects; the mean decrease of 56% suggested that the study

procedures accomplished the targeted ablation in the majority of cases. Whether

complete lines of block were created was not determined in the clinical trial; whether

contact- or non-contact mapping techniques can show lines of block, and whether

such demonstration predicts long-term patient success, is not known. There was no

evidence that initial or eventual use of non-study-related catheters was associated

with overall worse patient outcomes. The primary indicator of success for isthmus

line ablation did not appear to correlate with long-term patient outcomes. The lack of

apparent relevance of BDC and other isthmus catheters in long-term outcomes should

play a role in the consideration of the use of non-study-related catheters. Catheter

performance was rated good to excellent in most cases for both REVELATION® Tx

and NAVABLATOR®.

7.4 EPISODE REDUCTION

7.4.1 Effectiveness Cohort

Ninety-three subjects underwent linear RF ablations with the REVELATION® Tx

Microcatheter system in Phase III. As depicted in Figure 6, 88 have completed six

months of follow-up. Six-month study visits for two subjects ablated in summer 2003

have not yet occurred and have not been included in this study report.

As reviewed in the Protocol description, in order to standardize the reading of rhythm

strips across the study, the monitoring service's cardiologist independently assessed

all rhythm strips recorded by subjects; his determination of the cardiac rhythm

underlying all episodes was used for all effectiveness analyses. Note that the

cardiologist's interpretations were not generally available to study site investigators

and were not used by study investigators at the baseline visit to determine whether a

subject qualified for ablation. In four subjects, the monitoring service cardiologist
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interpreted the set of baseline rhythm strips as having an insufficient number of

symptomatic AF episodes (Table 40). In three of these cases, the study site noted the

occurrence of four to nine episodes during the 30-day baseline monitoring period;

however, when interpreted by the monitoring service's consulting cardiologist, the

number of symptomatic episodes that showed AF was determnined to be less than

three, the qualifying threshold. Similarly, in one subject              baseline AF episodes

measured during a 30-day monitoring period did not meet the required three episode

threshold; during extended baseline monitoring, nine episodes that represented AF

were noted by the site investigator. However, upon review by the monitoring

service's cardiologist, only eight episodes were considered to be AF, which did not

meet the study entry episode threshold. After excluding these four subjects, there

were 84 subjects with evaluable six month data who comprised the effectiveness

cohort in whom success rate calculations were performed.

Table 40. Number of symptomatic AF episodes for subjects whose episode data were excluded.

Subject Site's Monitoring
Subec Baseline Service Baseline

ID ~Records Records

       4 2
         6 2
         9 2
         9 8

7.4.2 Study Subject Compliance

Compliance with event monitoring was promoted by requiring that subjects record

and transmit rhythm strips at least once per week, independent of the occurrence of

symptoms. Since the event monitor can record more than one strip and some subjects

with few episodes may have stored several strips in the event monitor without

transmitting, it is also important to additionally examine the number of recorded

strips during event-monitoring periods.

During the three- and six-month monitoring periods, respectively, 71 (85%) and 69

(82%) of 84 subjects in the effectiveness cohort transmitted rhythm strips at least

three times and 62 (74%) and 60 (71 %) subjects transmitted rhythm strips at least
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four times. During the three-month monitoring period, only 2 subjects (2.4%) did not

transmit any compulsory weekly strips or strips associated with symptomatic

episodes. During the six-month monitoring period, only 7 of 84 (8%) subjects did not

transmit any compulsory weekly strips or episode-related strips (see Table 41). From

the perspective of six-month episode counts, these seven subjects can be considered

non-compliant.

Table 41. Distribution of number of event monitor transmissions in the third and sixth months of

follow-up (N=84).

Month 3 Month 6
Number of

Transmissions Frequency % Frequency %
0 2 2.4 7 8.3
1 4 4.8 1 1.2
2 7 8.3 7 8.3
3 9 10.7 9 10.7
4 or more 62 73.8 60 71.4
Total 84 100.0 84 100.0

Table 42 provides the number of rhythm strips (as opposed to transmissions) recorded

and transmitted in the Phase III study. During the three- and six-month monitoring

periods, respectively, 83% and 77% of subjects recorded four or more strips and 93%

and 88% recorded three or more strips.
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Table 42. Number of strips recorded and transmitted to the monitoring service during the three and

six-month monitoring periods (N=84).

Number of Month 3 Month 6
Strips Frequency % Frequency %

0 2 2.4 7 8.3
1 4 4.8 0 0
2 0 0 3 3.6
3 8 9.5 9 10.7
4 or more 70 83.3 65 77.4
Total 84 100.0 84 100.0

Table 43 shows a comparison of number of rhythm strips recorded by subjects in

months three and six of follow-up in Phase JIB vs. Phase III. Compliance improved

substantially in Phase III compared to Phase IIB.

Table 43. Comparison of rhythm strip monitoring during months 3 and 6 in Phase JIB vs. Phase III.

Stud- PhaseNumber of
Strips IIB

Frequency % Frequency %
Month 3
0 2 6.5 2 2.4
I 2 6.5 4 4.8
2 6 19.4 0 0.0
3 4 12.9 8 9.5
4 or more 17 54.8 70 83.3
Total 31 100.0 84 100.0
Month 6
0 8 25.8 7 8.3
1 2 6.5 0 0.0
2 2 6.5 3 3.6
3 6 19.4 9 10.7
4 or more 13 41.9 65 77.4
Total 31 100.0 84 100.0

A summary of the clinical experience of the seven subjects who were non-compliant

with six-month monitoring is provided in Table 44. Of these, two                             
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reported improvements in AF frequency by two or more categories in the AFSS

frequency subscale and were considered successes despite not participating in rhythm

strip monitoring during the sixth month after ablation.

Table 44. Summary of outcomes among subjects who transmitted no rhythm strip data in the sixth
month.

Baseline Episode AFSS Frequency
Information Subscale Responses

Sympto- Final
Subject Total matic Baseline Six

ID strips AF Month i n Comments Determination
ID strips AF Month (I)

Episodes (S/F)*
(2) More(3) Daily ()Mr

(3)4 o Dalys than AVN ablation + DDD pacemaker
64almost twice per at 128 days for progressive AF
dailyda _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

dav
3-month office notes showed "no

(7) (7) symptomatic sustained AF", "very

1108 4 About About infrequent palpitations, last a very
         4 4tshort time, not enough to make a F

month a ota recorder [sic]". 12-month CRF
month mot showed 40 episodes in last 6

months

3Dail (6) 6-month visit office notes showed
(3) Daily About two AF episodes reported with

         13 9 or almost mild palpitations. 12-month visit S
daily once a CRF showed 15 episodes in last 6

week mo0
6-month office notes showed four

(2) More AF episodes with palpitations,

         IS 9 than N/A shortness of breath and fatigue. F
twice per AVN ablation + PM at another

day clinical site at 8 months due to
chronic AF

(5) 2 to 3 (5to o 3 Developed atrial flutter then
         6 6 times per times per persistent AF, had AVN + VVIR F

week week at 3 months
Office notes showed attempts to

(616)23 to3 () tomes 3 improve compliance. 12-mo CRF F
166 10 3 time per wtimes per showed 72 episodes in last 6
week week mnhmonths

Femoral AV fistula repaired,
(2) More (8) event monitor lost but not reported

than About to study site. 6-month office visit
twice per once a notes no palpitations or

day month arrhythmia symptoms during the
last four months

* S = Success: F = Failure

Confidential Page 96 of 293 January 20, 2004
VOLUME 12



Cardima, Inc. PMA #P020039/A006

7.4.3 Episode Detection

In patients with paroxysmal AF who experience symptomatic episodes, the

underlying rhythm is not necessarily AF; it could be atrial flutter or other atrial or

ventricular arrhythmias, or even normal sinus rhythm. In the case of NSR, the

episode would be attributable to other medical problems, not arrhythmia. Table 45

provides the mean and median percentage of recorded episodes occurring during the

baseline, three- and six-month monitoring periods that turned out, after review by the

monitoring service's independent cardiologist, to be AF. At baseline as well as

follow-up, the majority of episodes experienced were associated with AF. Note that

subjects reported that, in follow-up, some episodes were brief; by the time the episode

could be recorded, sinus rhythm may have returned. Taken as a whole, these results

suggest that subjects were good at both detecting and recording episodes of AF and

distinguishing them from other arrhythmias or underlying causes.

Table 45. Mean and median percentage of symptomatic episodes that were AF.

Monitoring Period N* Mean (%) Median (%)
Baseline 84 79 89
Three month 62 68 75
Six month 51 76 83

* Denominator excludes subjects who reported zero episodes in follow-up, since the proportion of
episodes that were AF cannot be calculated among such subjects.

7.4.4 Episode Reduction

At baseline, subjects who completed six months of follow-up experienced a mean of

9.5 episodes of symptomatic AF per month (Table 46). At three and six months,

symptomatic AF episode counts were reduced to 3.7 and 3.4 episodes per month; the

mean per-subject six-month reduction in symptomatic AF episode counts was 62.3%

(p<.0001, paired t test). The 95% confidence interval for the percent episode

reduction was 50.6 - 73.1. Figure 8 shows a per-subject plot of baseline and six-

month symptomatic AF episode counts.
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Table 46. Mean baseline, 3-month, and 6-month symptomatic AF episode counts, and six-month
percent reduction in symptomatic AF episodes.

Period N Mean (SE)
Baseline 84 9.5 (1.1)
Three month 82 3.7 (0.6)
Six month 77 3.4 (0.6)
Reduction at six months (%) 77 62.3 (5.4)

60

50

40

30

20

10

0
Baseline 6 Months

Figure 8. Per-subject plot of change in episode count from baseline to six months (N=77).

Subjects not transmitting any rhythm strips at six months were not included in the figure.

7.4.5 Target-Level Symptom Reduction

As per the Protocol, reductions in symptomatic AF episode counts were categorized

as meeting or not meeting the target-level decrease according to the baseline number

of episodes experienced. To be considered a success, subjects with three or four
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episodes at baseline needed to experience a reduction of 75% or more during the six-

month monitoring period, and subjects with five or more episodes at baseline needed

to experience a reduction of 50% or more.

In all, 47 of 84 (56%) subjects in the effectiveness cohort achieved the target level

decrease. Among the seven subjects with no six-month transmissions, two were also

considered clinical successes (                          see Table 44), as manifested by verbal

comments and marked improvements in AFSS episode frequency score. Including

these two subjects as successes, the overall success rate was 49 in 84 (58%, 95% CI

48 - 68%). The width of the confidence intervals (+ 10%) is in accord with the study

Protocol's sample size calculation. Note that, but for the two noted exceptions, all

success rate calculations consider those with zero six-month transmissions to be

failures. Among the 49 successes, 14 occurred among 29 subjects with 3 to 4

episodes at baseline and 35 occurred among 55 subjects with five or more episodes at

baseline (Table 47).

Table 47. Target-level episode reduction by baseline episode counts.

Episode
Reduction Success

Baseline Symptomatic AF Episodes s/n %
3 to 4 14/29 48.3
5 or more 35/55 63.6
Total 49/84 58.3
Abbreviation: s = successes, n = number of subjects in subgroup

Among those who did not achieve the target-level reduction in episode counts, the

mean (SE) percent reduction in episode counts was 17 (8.4).

Table 48 provides a summary of the six-month symptomatic episode reduction in the

REVELATION® Tx investigations. The mean reduction in episode counts was 62%,

with 79% of subjects having lower episode counts at six months of follow-up

compared to baseline. Fifty-eight percent achieved the target level reduction, and

over one-third of the subjects (35%) were episode free.
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Table 48. Summary of six-month symptomatic AF episode reductions from baseline (N=84).

6 Month Summa

Mean % reduction + SE (95% CD)3 62.3% + 5.4 (50.6-73.1)

Target-level (>75%/50%) reduction 195% CI) 49/84 (58.3%, 47.6- 68.3%

At least some episode reduction compared to 66/84 (78.6%)

baseline

100% reduction 29/84 (34.5%)

No reduction or increase 11/84(13.1%)
'Excludes 7 non-compliant subjects; b) includes two subjects with marked improveentson FSquestion5

7.4.6 Predictors of Successful Episode Reduction

Several baseline subject (Table 49) and procedure (Table 50) characteristics were

evaluated in exploratory analyses to determine whether these characteristics predicted

target-level reductions in symptomatic AF episodes at six months. Only two

differences in success rates, both paradoxical, were found:

* EKG at the time of the procedure: paradoxically, subjects in AF at the time of

the procedure were more likely to show success at six months in episode

reductions (Fisher's exact test, p = .009)

• Bidirectional conduction block (BDC): paradoxically, subjects for whom

BDC could not be demonstrated were more likely to show long-term success

(Fisher's exact test, p = 0.005)

Note that the study was not designed with sufficient power for subgroup analyses.

The paradoxical results highlight the limitations of such analyses.
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Table 49. Target-level reduction in episodes by subject characteristics (N = 84).

Characteristic s/n % Success
Age (years)

< 50 12/23 52.2
> 50 37/62 59.7

Gender
Male 38/66 57.6

Female 11/18 61.1
Previous RF Ablation

Yes 16/27 59.3
No 33/57 57.9

Baseline Symptomatic
AF Episodes

3 to 4 14/29 48.3
5 to 9 18/31 58.1

10to 14 5/9 55.6
15 to 19 5/7 71.4

> 20 7/8 87.5
EKG at Time of Procedure

NSR 26/49 53.1
AF 19/24 79.2

Other 4/11 36.4
NYHA at Baseline*

I 37/63 58.7
11 12/20 60.0

*Value missing in one subject
s = target-level reduction in symptomatic AF episodes; n = number of subjects in
subgroup
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Table 50. Target-level reduction in episodes by procedure characteristics (N = 84).

Characteristic s/n S
Success

Procedure Date
Aug 2000 - Sep 2001 12/22 54.5
Sep 2001 - Sep 2002 21/37 56.8
Sep 2002 - present 17/25 68.0
Isthmus Catheter*
NAVABLATOR ® 24/41 58.5
NAVABLATOR ® then Other 11/18 61.1
REVELATION Tx' 7/8 87.5
REVELATION Tx® then NAVABLATOR® 1/2 50.0
REVELATION Tx®, NAVABLATOR® , then Other 1/2 50.0
Other 1/3 33.3
Bidirectional conduction block at procedure*
Yes 33/61 54.1
No 14/15 93.3

*5 subjects did not undergo isthmus ablation since it had been performed prior to study enrollment. s =
target-level reduction in symptomatic AF episodes; n = number of subjects in subgroup

7.4.7 Sensitivity Analysis

A sensitivity analysis was conducted to address the Agency's concern that the study

did not use a method to determine whether symptomatic episodes reported by the

subject represented discrete episodes of AF. Note that the focus of the study was

symptomatic episodes of AF, which can only be reported by study subjects

themselves, and did not focus on AF burden, the proportion of time spent in AF

(independent of symptoms). In addition, all recorded episodes were reviewed by the

monitoring service's independent cardiologist, who determined whether the rhythm

associated with the symptomatic episodes was AF or not. No published studies of

catheter ablation for AF have used or proposed any particular method to determine

whether episodes reported by subjects represented discrete episodes of AF. Nearly all

published studies use either cardiac event monitors or patient self-report.

In theory, subjects in our study may have recorded duplicate episodes of symptomatic

AF during a single underlying "run" of AF. If this phenomenon occurred more at
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baseline than follow-up, the resulting device effectiveness calculation could be

overestimated. To address this concern for potential bias, a sensitivity analysis was

performed, in which the proportion of subjects achieving the target-level decrease in

symptomatic AF episode count at six months was calculated after assuming that an

episode reported "soon after" a previous episode might, due to close proximity,

represent duplicate reporting of the same underlying "run" of AF. For the purposes

of analysis, "soon after" was defined as either within 1 hour, 6 hours, 12 hours or 24

hours of the initial episode. By definition, this analysis assumes that the subject is

able to distinguish when he or she felt worse (episode started) but not better (episode

ended).

Table 51 shows the results of this sensitivity analysis and the percentages of subjects

achieving target-level reductions in symptomatic AF episodes at six months resulting

from application of minimum times between episodes deemed to represent duplicate

recordings. Overall, there was no apparent effect of the application of these

constraints on success rates. Notably, no subject with a target-level of AF episode

reduction reported an episode of symptomatic AF that occurred within one hour of

the previous episode; thus, eliminating such reported symptomatic episodes as

potentially representing the same underlying "run" of AF did not affect estimated

success rates. In all, the analysis showed that two subjects would not have

experienced the target-level decrease in episodes; one when eliminating episodes

occurring between one and six hours of each other and another when eliminating

episodes occurring between 6 and 24 hours of each other. Eliminating an episode of

symptomatic AF occurring six or more hours after a previously reported episode as

representing "duplicate" reporting of the same underlying run of AF is questionable.

The results of this sensitivity analysis show that the potential effect of

"overreporting" on the overall success rate would, if it actually occurred, have been

negligible.
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Table 51. Effect of "overreporting" on six-month success rates.

Minimum time between
distinct episodes

(hours) s/n %

0 (baseline) 47/84 56.0
1 47/84 56.0
6 46/80 57.5
12 46/80 57.5
24 45/80 56.3

Assumes 7 non compliant subjects are failures but would not have been affected by
alternative definitions for episode counts. N decreased by four since elimination of the
second episode at baseline would have disqualified these subjects.

7.4.8 Pacemaker Placements

Of 93 subjects undergoing RF ablation procedures, six had pacemakers present prior

to ablation. (Note that the presence of pacemakers was not an exclusion criterion for

the investigations.) A total of 16 subjects in the procedure cohort had pacemakers

placed at some point during follow-up after RF ablation. As reviewed in the Protocol

description, pacemaker placements were distinguished by both the indication for

pacemaker placement and accompanying procedures, the time from ablation to

pacemaker placement, and the expected impact of the pacemaker placement on

symptomatic AF episode count reduction.

7.4.8.1 Pacemaker Placement plus A V Node Ablation

Ten subjects underwent AV node ablation and had pacemakers placed; four were

placed after the six-month study visit and six before the six-month study visit (Table

52). Of these, three had target-level decreases in symptomatic AF episodes reported

at six months. Episode reductions in these subjects are likely to be attributable to the

reduced sensation of AF after AV node ablation; thus they do not contribute to the

clinical (patient) success outcome. However, one subject             was considered a

catheter ablation success at six months since the AV node ablation took place after

the six-month visit.

Confidential Page 104 of 293 January 20, 2004 I 2
VOLUME 12



Cardima, Inc. PMA #P020039/A006

7.4.8.2 Pacemaker Placement without A V Node Ablation

Six subjects underwent pacemaker placement in follow-up but did not undergo AV

node ablation (Table 53). Of these, four achieved target-level decreases in episode

counts during the six-month monitoring period (described below). Three underwent

placement of pacemakers before the six-month endpoint and one more than one year

after linear ablation. As discussed in the Protocol summary, evidence supporting a

reduction in symptomatic AF episodes by pacemakers is controversial and lacking.

Therefore, from the perspective of the six-month outcome, these subjects were

considered successes. In one subject                   propafenone was also started (see

section on AAD Changes).

                This 74-year-old man had a history of tachy-brady syndrome prior to RF
ablation. He reported five episodes of symptomatic AF during the baseline monitoring
period and one episode during the six-month monitoring period (with two additional
compulsory weekly recordings). One-month rhythm strips reported as part of the study

showed asymptomatic 2.5-second pauses and bradycardia. Beta-blockers were stopped
and Holter monitoring showed continued bradycardia. As a Sponsor-approved protocol
deviation, the subject completed the six-month study visit a few weeks early and
subsequently underwent DDD pacemaker placement for tachy-brady syndrome.

                This 71-year-old man reported 31 symptomatic AF episodes during the baseline
period and seven during the six-month follow-up period. At the 12-month visit, he
reported no AF recurrence. During the thirteenth month of follow-up the subject went
into persistent symptomatic AF. Four-hundred thirty-six days after catheter RF ablation,
the subject underwent pacemaker and internal cardiodefibrillator implantation with AF
treatment algorithms. The investigator reported that this device placement was unrelated
to linear ablation.

                This 53-year-old man reported four symptomatic AF episodes during the
baseline period and zero during the six-month follow-up period. Eight days after catheter
RF ablation, the subject had episodes of paroxysmal AF as well as sinus node
dysfunction attributed to ablation resulting in isolation of the sinus node. He underwent
DDD pacemaker placement with defibrillator eight days after the RF ablation procedure
for sinus bradycardia. The subject was also started on propafenone in follow-up. The
decrease in six-month episodes might be attributable to the combined effect of RF
ablation, pacemaker and new medication.

                  This 60-year-old man reported six symptomatic AF episodes during the
baseline period and zero during the six-month follow-up period (with five compulsory
weekly transmissions). In the second month of follow-up, despite flecainide treatment (a
new AAD), he reported continued AF episodes. At day 69 after ablation, he underwent
placement of a pacemaker with "atrial fibrillation suppression capability."

In summary, of the subjects who underwent pacemaker placement without AV node

ablation, four achieved target-level decreases in symptomatic AF episodes at six
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months. Of these four decreases, three were mostly likely attributable to linear RF

ablation while one was probably attributable to the combined effect of ablation,

medication and pacemaker/defibrillator (see below for complete description of AAD

regimen changes).
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Discussion. Pacemakers were placed in 16 of 93 subjects in the procedure cohort,

raising two important questions: 1) Was the incidence of pacemaker placement higher

than expected? and 2) Did placement of pacemakers interfere with interpretation of

REVELATIONg Tx effectiveness?

Incidence of pacemaker placement not high. Pacemaker placement is common in

the treatment history of AF, especially in patients with refractory disease. Patients

with AF often have underlying cardiac conduction disease, such as tachy-brady

syndrome, for which pacemakers are often placed. Second, advanced pacemaker

capabilities are currently under study as potential treatments for AF. The overall

observed rate of pacemaker placement in this study was consistent with expectations

in this patient population. Only one subject underwent pacemaker placement as a

complication of RIF ablation. The remaining subjects all had standard indications for

pacemaker placement . Importantly, but for one case, pacemaker placement did not

represent an adverse event or a result of a procedure-related complication. Rather, in

1 0 of 16 cases AV node ablation plus pacemaker placement represented an

acknowledgment that response to treatment with REVELATION'R Tx insufficiently

controlled the subject's bothersome symptomatic AF episodes. In four of the

remaining six cases, pacemaker placement was aimed primarily at treating the

underlying bradycardia.

Effectiveness of pacemakers in symptomatic AF episode reduction not

demonstrated. Episode reduction after AV node ablation is expected as a result of

decreased conduction of rapid atrial firing through the AV node. Episode reductions

in these subjects cannot be considered to represent a linear catheter ablation success.

Of the six subjects who underwent pacemaker placement without AV node ablation,

review of case histories as well as the published medical literature suggested that four

could be considered successes, and the success was attributable to linear catheter

ablation procedure, not pacemaker placement. Of these, one also received a new

AAD (propafenone), after having failed sotalol, dofetilide, atenolol and flecainide; his

response is probably also attributable to linear catheter RIF ablation.
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7.4.9 AAD Regimen Changes

The Protocol required that subjects continue antiarrhythmic drugs (AADs) after RF

ablation. The Protocol also defined an alternative "clinical (patient) success"

outcome as a target-level decrease in symptomatic AF episodes "while maintained on

the same anti-arrhythmic drug regimen or a reduced dosage." As reviewed in the

Protocol description, a classification system based on review of the right- and left-

atrial catheter ablation literature was used to score changes in AADs occurring in

subjects enrolled in the REVELATION® Tx clinical investigations. AAD changes

occurring in all subjects over the entire 24 months of the study are reviewed in the

section entitled "Long-term Follow-up." In this section, AAD regimen changes

among the 49 subjects who achieved target-level reductions in symptomatic AF

episode counts at six months are described. (Note that AAD changes among subjects

who did not achieve target-level decreases in symptomatic AF episodes are not

relevant to the clinical success.)

Table 54 shows AAD regimen changes in 49 subjects who achieved target-level

reductions in symptomatic AF episodes at six months. These AAD regimen changes

are detailed below.

Table 54. Summary of AAD regimen changes among 49 subjects with target-level decreases in
symptomatic AF episodes at six months.

AAD Regimen Change Frequency
Rate control only I
Decrease 22
Increase 3
New AAD 12
Previous 1
Same 10
Total 49

New AADs. Of the 49 subjects with target-level decreases in symptomatic AF

episode counts, 12 started a new AAD: two started amiodarone, six started flecainide,

two started propafenone, one started disopyramide, and one started dofetilide.

Reasons for starting the new AAD were not collected; it is possible they were started
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in an attempt to boost the observed clinical response to linear catheter ablation. Of

these 12 subjects, one is discussed below. This subject was considered to have

clearly met the clinical (patient) success outcome.

                  This subject reported 19 episodes at baseline, 0 at the three month visit (with 4

compulsory weekly strips during the three-month monitoring period) and 0 at the six-

month visit (again with four compulsory weekly strips). Amiodarone was started prior to

the six-month visit for unknown reasons. The decrease observed during the three-month

monitoring period occurred prior to starting the new AAD and was attributed primarily to

a catheter RF ablation effect.

Drug to which previous refractory. One subject           started amiodarone, a drug

to which he had been previously refractory.

Rate control. In one subject             metoprolol (50-75mg BID) was added to

digoxin and flecainide. The ACC guidelines do not strongly promote beta-blockers to

reduce recurrence of AF and a recent review notes has not found them to be

effective.1 5

Increase. Three subjects had increases in the doses only of the same regimen used at

baseline. As reviewed below, all three subjects had changes in symptomatic AF

episode counts that appeared to occur independent of the AAD dose changes and thus

can be considered catheter ablation successes.

                  This subject recorded 26 symptomatic episodes at baseline, 0 during the three-

month monitoring period (with six compulsory weekly strips) and 0 during the six-month

monitoring period (with five compulsory weekly strips). The AAD regimen changed

from amiodarone 200 mg QD plus digoxin 0.125 mg QD to amiodarone 300 mg QD plus

the same dose of digoxin at the three-month study visit. The 100% decrease in episodes

occurred before the AAD medication dose increase.

                  This subject recorded 10 symptomatic AF episodes at baseline, one during the

three-month monitoring period (with 3 compulsory weekly strips) and zero during the

six-month monitoring period (with 5 compulsory weekly strips). His AAD regimen

changed from Sotalol 160 mg BID to 200 mg BID; the change took place after the three-

month visit. The subject showed a 90% reduction in episodes during the three-month

monitroing period (prior to the sotalol dose increase) and a 100% reduction at six months.

It is highly unlikely that these changes were related to the dose increase.

                  This subject recorded 53 episodes of symptomatic AF at baseline, and 15 and 8

episodes of symptomatic AF during the three- and six-month monitoring periods,

respectively. His AAD regimen change was an increase of amiodarone from 200 mg QD

to 200 mg BID. The change took place after the three month study visit. This subject

showed a 72% reduction in episodes prior to the dose increase and a 85% reduction by

six months. The observed reductions were attributed primarily to linear catheter ablation.
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Same or decrease. Thirty-two subjects had the same or decreased AAD regimen at

follow-up.

In summary, three subjects had AAD increases and 12 started new AADs. Of the

three with increases, all had target-level decreases in symptomatic AF episode

frequency that occurred prior to of the dose increase and were therefore considered to

have met the clinical (patient) success outcome. Of the 12 with new AADs, one had a

target-level decrease in symptomatic AF episode counts prior to the new AAD and

was therefore considered an ablation success.

A summary of the "clinical (patient) success" outcome should take into account both

AAD changes and AV node ablations with pacemaker placement. This is discussed in

the next section.
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7.4.10 AAD Regimen Changes and Pacemaker Placement

Table 55 summarizes the experience of the 49 subjects with target-level decreases in

AF episodes at six months with respect to both AAD changes and pacemaker

placement.

Of the 49 subjects who achieved target-level decreases in AF episodes at six months,

four underwent pacemaker placement without AV node ablation. Of these, a new

AAD (propafenone) was started in one subject two weeks after the procedure. The

remaining three experienced either a decrease in the AAD regimen (two subjects) or

the same AAD regimen (one subject).

Of the three subjects who underwent AV node ablation plus pacemaker placement, one

            occurred after the six-month visit and therefore was considered a six-month

success.

Of the 11 subjects in which a new AAD was started but a pacemaker was not placed,

one subject                    described above) experienced a target-level decrease in

symptomatic AF episode counts prior to the new AAD and was therefore considered a

clinical success. The remaining 10 had reductions in episode counts that occurred in

the setting of co-treatment with a new AAD.

Table 55. Summary of pacemaker and AAD changes during follow-up among 49 subjects who

achieved target-level decreases in symptomatic AF episode counts.

No Pacemaker Pacemaker Placement Pacemaker Placement

Placement without AV Node Ablation with AV Node Ablation

Days from Procedure to Days from Procedure to

PM PM
8 69 134 426 67 168 190

AAD Change
Rate Control only 1
Decrease 17 1 1 I Ic

Increase 3a

New AAD T -O/b I

Previous 1
Same 9 -

Values in bold are considered to have experienced "clinical (patient) success," i.e., a target-level response without an

increase in the AAD regimen. Notes: a) all three subjects considered clinical successes (see above), b) one subject (1009)

with new AAD considered clinical success, c) PM placed after six-month study visit. Abbreviations: PM: pacemaker.
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In summary, of 49 subjects with target-level decreases in symptomatic AF episode

counts, 11 had concurrent treatment with a new AAD and an additional two had

reductions that were likely to be affected by AV node ablation reducing the ability to

detect episodes. The remaining 36 had reductions that occurred without an increase in

AAD regimen or with AAD regimen changes that were either 1) highly unlikely to

explain the observed reduction in episode count, or 2) represented the reinitiation of an

AAD to which the subject had been previously refractory.

Table 56 provides success rates based on different assumptions about the effectiveness

of the new AAD in these subjects with drug-refractory AF. Overall "clinical (patient)

success" rates varied from 43 to 56%.
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Table 56. Approach for interpretation of AAD regimen changes.

Success Rate'
Approach Assumption S ss Rt(s/n, %)

Subjects are drug-refractory. The new AAD
was unlikely to cause a clinically substantial
decrease in episode count by itself. Attribute
the episode reduction to catheter RF ablation.
Despite non-response to 2 or more drugs prior
to enrollment, subjects are not really drug-
refractory. The new AAD caused most of the
target-level reduction in symptomatic episode
counts. Attribute the decrease to the new
AAD.
Effect confounded. One cannot tell whether

3. Uninterpretable effect due to AAD or linear catheter ablation. 36/73 (49.3%)
Exclude such subjects as "unevaluable."

Notes: a) Excludes two subjects who achieved target-level symptomatic AF episode reduction but had AV node ablations
and pacemakers placed within first six months of follow-up; includes three subjects as successes who had increases in
AAD regimens that were preceded by target-level decreases in symptomatic AF episodes.

The Protocol specified two distinct definitions of success: 1) a reduction in

symptomatic AF episodes of 50 or 75%, depending on the baseline number of

episodes, and 2) "clinical (patient) success", defined as the same target-level reduction

of symptomatic AF episode counts without other therapeutic maneuvers that might

play a role in the observed success. Using the first outcome, the success rate was 58%.

Using the second, stricter outcome, the success rate was 43% to 56%, depending upon

one's assumptions regarding the effectiveness of new AADs to cause the target-level

reduction in symptomatic AF episode counts in patients with drug-refractory

paroxysmal AF. As reviewed in the Protocol summary, published medical data do not

provide evidence to support a large, target-level response to additional AADs among

the highly drug-refractory subjects in our clinical trial. In the absence of such

evidence, the clinical (patient) success rate of 56% is clinically reasonable and

probably represents the fairest assessment of the response to linear RF ablation in the

Confidential Page 115 of 293 January 20, 2004
VOLUME 12



Cardinma, Inc. PMA #P020039/A006

absence of other clinical maneuvers expected to meaningfully affect the occurrence

rate of symptomatic AF.

7.5 QUALITY OF LIFE

Quality of life scores at six months after linear RF ablation comprised the secondary

outcome in the REVELATION® Tx clinical investigations. Changes in SF-36 and

AFSS scores, as well as changes in symptoms typically associated with AF episodes,

are reported below.

7.5.1 Short Form-36

Changes in SF-36 scores suggested marked improvements in quality of life after

treatment of paroxysmal AF with linear ablation using the REVELATION® Tx

Microcatheter system (Table 57). Statistically significant improvements occurred in all

but one ("general health") SF-36 dimension. The percentage of subjects who reported

a clinically significant (> 10 points) improvement was between 30 and 55% for each

dimension (Table 58), indicating a clinically important improvement in quality of life

associated with the RF ablation procedure. Improvements were largest in vitality,

social functioning, and bodily pain. Additionally, for these three scales and role

emotional, the mean scores were improved from substantially below the US norms at

baseline to the level of the US norms six months after ablation. Mean changes were

clinically significant (>l 0 points) in four of the eight categories.
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Table 57. Baseline and 6-month SF-36 scores among 6-month completers.

General US
Population Baseline Six Month

Scores 1 (n = 81 - 832) (n=78 - 80)

SF-36 Scale Mean SD Mean SE Mean SE

Physical
Functioning 84.2 23.3 71.1 25.8 77.28 25.2

Role Physical 80.9 34.0 42.1 43.5 59.4 44.0

Role Emotional 81.3 33.0 66.7 39.5 81.0c 36.1

Bodil Pain 75.2 23.7 70.7 24.1 79.7 22.3

General Health 71.9 20.3 63.0 21.2 63.4 20.5

Vitalit 60.9 20.9

Social
Functionin g 83.3 22.7 71.1 26.5 83. 0d 21.4

Mental Health 74.7 18.1 74.9 16.0 78.9e 15.5

a: p = 0.026; b: p =0.002; c: p =0.006; d: p <.0001; e: p = 0.032 bypaired t-test. :-The general population

was sampled to acquire normative values for these domains (n=6,74 2 ); 2: Range of sample size at baseline and

6 months follow-up

Table 58. Clinically significant (_10 points) improvements in SF-36 scores (N=84) six months after

ablation.

SF-36 Dimension Frequency %

Physical Functionin 28 33.3

Role Ph sical 31 36.9
Role Emotional 27 32.1

Bodil Pain 39 46.4

General Health 26 31.0

Vitality 46 54.8

Social Functionin g 43 51.2
Mental Health 25 29.8

7.5.2 Atrial Fibrillation Severity Scale

The AFSS was employed to quantify subjects' perceptions of the quality of life burden

due to symptomatic AF. At 6 months, AFSS scores showed substantial and significant

improvements in episode frequency, duration and severity (Table 59). Fifty percent of

subjects achieved an improvement of 10 or more points in reported episode frequency

(Table 60). The main stated goal of linear RF ablation for AF was to reduce

symptomatic AF episode frequency. However, the mechanism of action of RF ablation
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in AF may also reduce episode duration and severity. As shown in Table 60, subjects

who underwent RF ablation with REVELATION* Tx also showed clinically important

reductions in episode duration (35%) and severity (49%).

Table 59. Baseline and six month AFSS and component scores.

Baseline (N=82 - 83) Six Month (N=68 - 70*)
Score Mean SE Mean SE

Episode Frequency 33.6 2.1 51.4a 2.9

Episode Duration 44.1 2.9 60.0 3.9

Episode Severity 49.4 2.6 66.7a 3.1

Total AFSS 41.9 1.6 58.7a 2.5
a: p <.0001; b: p = 0.001: by paired t test. * Subjects who do not experience AF at follow-up do not answer

some questions as they were not applicable.

Table 60. Clinical improvement (increase > 10 points) in six-month AFSS scores (N=84).

AFSS Domain Frequency %

Episode Frequency 42 50.0
Episode Duration 29 34.5
Episode Severity 41 48.8
AFSS Total 37 44.0

Table 61 shows the relationship between the baseline number of symptomatic AF

episodes recorded by event monitors and the frequency, duration and severity questions

of the AFSS instrument. Baseline episode frequency was associated with AFSS

frequency but not with duration or severity. Table 62 shows the relationship between

the change in symptomatic AF episode counts from baseline to six months (i.e., the

primary success outcome) and the change in the frequency, duration and severity

subscales of the AFSS. Subjects who met the target-level reduction in AF episode

counts recorded by event monitors also reported large increases in the AFSS frequency

subscale. Additionally, subjects who reported target-level decreases in symptomatic AF

episode counts also reported improvements in duration and severity of episodes.
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Table 61. Relationship between baseline number of symptomatic AF episodes and AFSS frequency,
duration and severity subscales (N=84).

Frequency IDuration I Severity Fe
Frequency

~~~Mea SE Mean SEMenS

Baselie Smptomai
AF Eisodes

3to 4 44.3 3.6 49.5 5.0 46.8 4.5 29

5to 9 35313. . 20323
10to 14 25.6 2.9 46.0 9.8 55.6 7.9 9

15 to 19 20.0 6.2 32.7 9.2 30.2 8.6 7

More than 20 17.5 4.5 53.6 12.3 58.3 13.1 8

Table 62. Change in symptomatic AF episode frequency and change in AFSS frequency, duration and

severity subscales (N=77).

Frequency Duration Severt . Frequency

Mean SE Mean SE Mean SE

Target-level Reduction in
Symptomatic AF E isodes
No 5.6 3.1 3.7 6.2 7.4 4.3 30

Yes 28.6 4.9 23.0 5.2 21.1 5 .2 47

7.5.2.1 Symptoms Associated with AF Episodes

Symptoms typically associated with AF episodes decreased markedly and statistically

significantly at three and six months after ablation compared to baseline (Table 63). At

the six month visit, palpitations were reduced by 53% chest pain by 65%, shortness of

breath by 45%, lightheadedness by 62% and fatigue/weakness by 54%. These findings

corroborate episode reductions and quality of life changes described above.
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Table 63. Symptoms associated with AF episodes by study visit.

Study Visit

Baseline Three Months Six Months

(N=83 N=77 =79)

Frequenc / % Freq uency % Frequenc % reduction*

~~~~~~~~~~~~5.3

a) p < 0.0001; b) p = 0.08; c) p = 0.0007; d) p = 0.02; e) p = 0.0002; f) p = 0.0002; g) p 0.003. all by McNemar's test.

*percent reduction from baseline

In summary, both the primary and secondary outcomes in the REVELATION' Tx

clinical investigations were based on symptoms of AF. Consistent with the marked

reduction in the presence of common symptoms of AF at six months, all secondary

quality of life outcomes showed large and statistically significant improvements in

various domains of overall health as well as specific quality of life measures related to

symptomatic AF. AF-related quality of life assessments were associated well with the

primary outcome measured in the trial (AF episodes recorded by event monitors); and

the change in AF-specific quality of life measurements was also directly related to the

change in episode counts, supporting the internal and external validity of the quality of

life measurements performed in this trial. Taken together, these results provide

substantial evidence of an important clinical benefit for patients undergoing treatment

of symptomatic, paroxysmal AF with the REVELATION® Tx Microcatheter ablation

system.

7.6 OTHER SIX-MONTH STUDY VISIT FINDINGS

In this section, other study visit findings are reviewed.
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7.6.1 EKG Findings in Follow-up

Electrocardiograms were performed and read by study investigators at baseline,

discharge and at one, three and six months of follow-up. Table 64 shows EKG

findings at baseline and follow-up study visits. Normal sinus rhythm was present in

43% at baseline and 49% at six-months of follow-up. AF was present in 25% of

subjects at baseline and in 21% at six months of follow-up.

Table 64. EKG findings at baseline and follow-up.

Study Visit

Baseline Discharge Month 1 Month 3 Month 6

Rhythm N=93 N=92 N=90 N=87 N=86

Freq%~~Freq O/ Freq % FreqOo r % Freq %

NSR 40 43.0 57 62.0 48 53.3 41 47.1 42 48.8

Sinus bradycardia 23 24.7 18 19.6 20 22.2 20 23.0 13 15.1

Premature atrial
contractions 3.2 5.4 5.6 4.6 1.2

Atrial fibrillation 23 24.7 8 8.7 17 18.9 15 17.2 18 20.9

Atrial flutter 3 3.2 1 1.1 2 2.2 2 2.3 6 7.0

Unifocal PVCs 3 3.2 2 2.2 2 2.3

Paced
Freq: frequency

7.7 COMPLICATIONS/ADVERSE EVENTS

All adverse events experienced by study subjects were documented and have been

appropriately reported. Adverse events were defined by the Protocol as a series of

potential complications that could be expected in either cardiac catheterization or RF

ablation. Site investigators were required to make a determination of whether the

event was probably or possibly related to the device, or not related.
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7.7.1 Serious Adverse Events

FDA definesk a major complication as an adverse event which "occurs within the first

week following the investigational procedure and:

* is life-threatening; or
* results in permanent impairment of a body function or permanent damage to

a body structure; or
* necessitates significant intervention, such as major surgery, to prevent

permanent impairment of a body function or permanent damage to a body

structure; or
* requires hospitalization or an extended hospital stay; o

* results in moderate transient impairment of a body function or transient

damage to a body structure; or

* requires intervention such as medication or cardioversion to prevent

permanent impairment of a body function or damage to a body structure."

This description was used (p. 28 of Protocol) as the definition for a serious adverse

event (SAE) throughout the REVELATION® Tx clinical investigations.

In the Phase III study, four SAEs occurred in three subjects during the first week after

catheter ablation (see Table 65). The SAE rate was therefore 4 events in 95 procedures

(4.2%). These three subjects are described in more detail in Table 66. Importantly,

only one SAE was reported to be device-related. However, the study investigator did

not indicate that the device had failed; rather it was thought that the device was used in

a manner not consistent with the study Protocol's recommendations (i.e., technique

related), resulting in SA node isolation. Detailed descriptions of SAEs are provided in

Table 66.

Appendix A. Recommended Clinical Study Design for Ventricular Tachycardia - Guidance for Industry

and for FDA Reviewers. US Department of Health and Human Services, Food and Drug Administration,

Center for Devices and Radiologic Health, May 7, 1999.
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Table 65. Serious adverse events occurring within one week of linear catheter ablation.

RelationsI

Days
from

Subject Procedure
ID AE to SAE Severi* To Procedure

       Carda 0 Severe Probably Not related

tamponade
SA block SA block: Probably SA block: Probably

requiring a
perm anent 1 to 4 Moderate Pneumonia: Not

606 I to 4 Pneumonia: Prob y related

pacemaker + related
pneumonlia
Femnoral

         arteriovenous I Moderate Probably Not related

fistula
*severity and relationship judged by investigator

Table 66. Detailed description of SAEs associated with REVELATION® Tx catheter ablation

procedure.

                   wo hours after the procedure, this 65-year old woman had nausea and became

hemodynamically unstable. Echocardiogram showed pericardial tamponade - which was treated

with vasoactive drmgs and a surgical pericardial window. The subject was discharged in NSR.

Symptoms related to this procedure resolved after hospital discharge. The investigator stated that

the protocol required maintaining ACT too high.

                After the procedure, this 53-year-old man experienced aspiration pneumonia, anxiety

attacks, self-limited pericarditis with pericardial effusion and posterior thoracic skin bums from the

grounding pad due to hypersensitive skin. Serial post-procedure echocardiograms demonstrated that

the pericardial effusion resolved spontaneously. Episodes of paroxysmal AF occurred after the

procedure, accompanied by sinus node dysfunction that may have arisen from placement of the RF

lesions along the lateral right atrium near the sinus node, resulting in SA node isolation. Sinus node

dysfunction persisted for a week, and the subject agreed to undergo adjunctive implantation of a

Medtronic Gem III AT atrial pacemaker/ICD one week after the RF ablation procedure.

                  This 54-year-old woman had post-procedure left groin pain. Ultrasound showed a

femoral   rteriovenous fistula, which was treated conservatively. Six days after the procedure she

developed increased groin pain at home, resulting from increased bleeding from the fistula. She

underwent a surgical repair the next day. The investigator noted that the complication was related to

cannulation of the femoral vein and not to the study catheter.
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7.7.1.1 Serious Adverse Events More than One Week From Procedure

Serious adverse events meeting all but the timing criterion of the SAE definition above

occurred in three Phase III subjects at two study sites (Table 67). None of these were

events related to the procedure or device. Two of these were related to pacemaker

problems only. None was unexpected given the patient population recruited. It was

unclear why the elective hospitalization for pulmonary vein ablation in subject 603 was

reported as an SAE.

Table 67. Serious adverse events in REVELATION® Tx investigations occurring more than one week

after linear catheter ablation.

Relationship*

Days from

Subject Procedure To

ID AE to SAE Severi* Procedure To Device

Subject underwent
atrial flutter ablation
January 2003 (see
below), -580 days
after linear ablation,
followed by 

Not
       folone by 656 Moderate Not related rlt

pulmonary vein related
ablation March 20,
2003 for recurrent
AF (reported as
SAE), 659 days after
linear ablation
Near syncope
attributed to
pacemaker reverting

to VVI mode at rate ~~~~Not
         to VVI mode at rate 232 Moderate Not related rlt

of 65 bpm; related

underwent emergent
pacemaker generator
change Jul 2002
Admitted to hospital
for replacement of
ventricular leads to

initiate cardiac Not

         resynchronization 167 Moderate Not related
therapy for
progressive, non-
ischemic
cardiomnopathy

*Severity and relationship judged by investigator
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7.7.2 Adverse Events

Investigators reported a total of 50 adverse events among 22 subjects (24%) in the

procedure cohort that were possibly or probably related to the device and/or the

procedure. The majority of complications were reported to be possibly related to the

procedure rather than the device. Nine of the 22 subjects (41%) with AEs were

reported at a single site; this site accounted for 28 (56%) of the 50 total events.

Consequently, the likelihood that a subject was reported to have experienced an AE

varied across study sites, possibly due to investigators having different thresholds for

reporting AEs, so the 24% rate noted above is not likely to be representative of the

entire cohort's experience.

Table 68 shows all adverse events thought by site investigators to be possibly or

probably related to the procedure. Overall, twenty events were probably related to the

procedure. Table 69 provides more detail on these subjects.

Table 68. Frequency of adverse events and relationship to procedure.

Relation to Procedure
Possibly Probabl Total
related related

Event Category SvrEvent
Mild11

Arrhythmias, possibly requiring drugs M rate

and/or DC cardioversion SevereI12
Mild 1 1 2

Bleeding Modrate11

Cardiac perforation and/or resulting ere

hemopericardium and/or tam onade

Drug reactions Moderate 1 1 2

Femoral arteriovenous fistula Moderate 1 1

Infection Moderate I -

Mild 8 14 22

Other Moderate 9 2 11

Severe 2 2

SA block possibly requiring a I

permanent pacemaker
Total 26 24 50
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Table 69. Frequency of adverse events judged to be probably related to procedure.

Descri tion Fre uenc

Skin irritation 5

Sore throat 4
Pericarditis* 2

Sinus ause* 2

Back pami 2

Tamponade* 1

Nausea 1

Deep vein thrombosis 1

Femoral AV fistula* 1

Arrhythmi a** 1

Swelling of li p 1
Weakness 1

Bleedin 1

SA node damage 1
Total 24

*Previously described
**Hospitalization one month after linear ablation for elective cardioversion that

was canceled due to spontaneous reversion to NSR

Table 70 shows four adverse events reported by investigators to be possibly or

probably related to the study device.

Table 70. Frequency of adverse events and relationship to device.

Relation to Device
Possibly Proably qTotal
related related

pre desrieSeverity od
Evente

Drug reactions OLUMrate 1

Other Ml
SA block possibly requiring aert
permanent pacemaker 1 I 1

Total 5 166

*previously described
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The one "probably" device-related event in Phase III was described above (post-

procedure pacemaker placement). The remaining five "possibly" device-related events

in Phase III were as follows:

                Subject described previously with post-procedure pericarditis and pneumonia.

                Subject with undiagnosed inspiratory chest pain, treated with ibuprofen. No

evidence of pulmonary embolism or pericarditis.

                Subject hospitalized one month after linear ablation for recurrent AF. A low INR

measurement was observed, which was attributed to a drug reaction (sotalol). It is unclear

why this adverse event was judged to be possibly related to the device.

                Subject hospitalized 1II days after linear ablation for AV node ablation plus

pacemaker placement. This ablation was aborted and reattempted successfully two weeks

later. It is unclear why this was reported as an AE related to the study device.

A complete listing of all reported adverse events (AEs) judged by investigators to be

possibly or probably related to the device or procedure is presented in Appendix F.

Discussion. The published literature was reviewed in order to place the observed AE

rate in the current investigations into perspective. The literature on right- and left-sided

ablation has grown steadily over the past few years. Table 71 summarizes publications

of RF ablation for various common arrhythmias, including three small studies on right

atrial linear lesions for treatment of AF and other indications. All studies reported

complications sparsely, if at all, but those complications reported are significant in both

type and frequency, ranging from 8.3% to 22.2%, involving primarily phrenic nerve

injury and sinus node injury. It should be noted that these articles may be reporting

complications without regard for the FDA definition of "major complication."

In comparison to these published complications, the REVELATION® Tx Ablation

System procedure has a very strong safety profile of a 4.2% (4/95 procedures) rate of

"major complications", with no phrenic nerve injuries and 1% (1/95 procedures) rate of

acute sinus node injury.
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7.8 LONG-TERMFOLLOW-UP

Long-term follow-up in the Phase III study included a twelve-month study visit and a

24-month telephone contact. The completeness of long-term follow-up in the

REVELATION® Tx trials has been excellent (Table 72), with no subjects lost to

follow-up and only three missed study visits. Eighty-eight Phase III subjects have

completed six months of follow-up, 64 have completed 12 months of follow-up and

30 have completed 24 months of follow-up. Nine subjects who completed the 12-

month visit in the last six months have data still pending at study sites. Two subjects

missed three early study visits (Table 73) but have completed subsequent visits.

Table 72. Phase III study visits.

e e ~ k un

Bseln 9

1 onth9
3 Month8

]12 Month 6
Phn Cotc

24 monh3

Table 73. Missing Study Visits

Subiet I Visit Mssed Comment
Vsit missed due to insurac

    21 ~3 month reasons; all other visits
occurred

month, mon 6 month and 12 mont have

1810 monh, 3 onthoccurred

Subjects who withdrew from the Phase III investigations in long-term follow-up are

listed in Table 74. Three (1403, 1414, 181 1) withdrew before and one subject

withdrew after (I 804) six months due to non-study-related reasons. One subject

(512) terminated early with Sponsor approval for placement of a pacemaker for sinus
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pauses. Two (11601, 1614) withdrew, one at eight months, one at 81 days, for

placement of a pacemaker.

Table 74. Details of subjects who withdrew from Phase III trial.

Terminated Frequency Subject Comment Last Study
ID ~~~~~~~~~~Visit

wiuthdaa pir 314, Insurance change; Moved out 3month,I

wtodrsix months          of state; Anxiety/depression ronedur

tosix month vsi

Thertape sutic1 ChncmaFr placemaert wtot 6 month

feiatiur 1A61 laced abltida fo1

Voluntarily Sbetmvdoto

withdrawal ate 11        cuntery nopfllowed after 6 16 mont

six month visit month vsi

Total

7.8.1 Twelve Month Study Visit

The twelve-month study visit included a physical examination, an assessment of

medications in use, a summary of arrhythmias experienced and hospitalizations or ER

visits, and an assessment of adverse events. Provided below are statistical results for

heart rate, blood pressure, weight, and NYHA status for baseline and all follow-up

visits through 12 months based on physical exam.

7.8.1.] Physical Examination

Mean heart rate (Table 75), blood pressure (Table 76) and weight (Table 77) showed

no noteworthy changes over the study period. At twelve months, there was no

remarkable deterioration of overall cardiac function, as measured by the New York

Heart Association (NYH-A) classification (Table 78).
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Table 75. Heart rate by study visit.

Restin HR b m)

N Me an Max

VisitT Te
Baseline 86 70.3 1.8 45 68 124

Discharge 86 71.8 1.7 48 68 130

1 Month 83 70.2 1.6 48 70 117

3 Month 82 68.6 1.6 39 67 118

6 Month 83 70.6 1.7 46 68 134

12 Month 63 73.0 1.8 48 72 106

Table 76. Subject blood pressure at baseline and follow-up study visits.

Resting Systolic Resting Diastolic

BP (mmH) BP (mmHg)

N Mean SE N Mean SE

VisitT Tye
Baseline 86 128.3 2.0 86 75.7 1.2

Dischar e 86 122.9 1.7 86 69.7 1.0

i Month 84 124.9 1.5 84 75.8 1.0

3 Month 82 130.0 1.9 82 78.3 1.2

6 Month 81 125.5 1.7 81 76.0 1.1

12 Month 61 129.8 2.2 61 76.1 1.2

Table 77. Subject weight at baseline and follow-up study visits.

Wei ght (lbs)

N Mean SE Mn Median Max

Visit Tye
Baseline 93 200.1 4.3 117 196 340

1 Month 87 199.0 4.5 116 196 328

3 Month 83 200.4 4.5 118 192 344

6 Month 81 202.4 4.5 119 200 344

12 Month 60 203.8 5.9 122 196 346
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Table 78. New York Heart Association class at baseline and follow-up study visits.

NYHA Classification
I 1l Ill

Fre % Fre % Fre % Fre % Total
VisitT Tye
Baseline 64 74.4 22 25.6 86

I Month 71 83.5 14 16.5 85

3 Month 67 79.8 16 19.0 1 1.2 84

6 Month 1 1.2 72 85.7 9 10.7 2 2.4 84

12 Month 50 79.4 12 19.0 1 1.6 63

Physical examination findings by category are shown in Table 79. There were no

trends in the general, neurologic and respiratory categories. The study visit case

report form asked for cardiac abnormalities on physical examination; however, many

non-physical examination findings were entered into the form. Physicians often

reported "atrial fibrillation" on physical examination (if the subject was in AF, the

cardiac physical examination entry should be "irregularly irregular"). Therefore, the

entries "AF" and "irregular" were assumed to represent possible AF. Note that the

determination of whether a subject was in AF requires an EKG, which was not

required at the twelve month visit. Table 80 shows details of the cardiac findings at

the 12-month visit. Eighteen (28%) had "AF" or irregular heart rate. Table 81 shows

the number of subjects with presumed atrial fibrillation, by the above physical

examination definition, at study visits. At follow-up, irregular heart rhythms

consistent with AF were noted in 11 to 27% of subjects. (See section entitled "EKG

Findings in Follow-up" for review of EKG findings at baseline, discharge and one to

six months of follow-up.)
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Table 79. Physical examination findings by study visit.

Categor

Visit Type Cardiologic General Neurologic Res irator

a/N % a/N % a/N % a/N %

Baseline 23/93 24.7 0/90/93 /93 0 3/90 3.2

Discharge 14/93 15.1 1/92 1.1 -* - 4/89 4.3

1 Month 21/90 23.3 0/90 0 1/88 1.1 1/89 1.1

3 Month 18/88 20.5 1/88 1.1 1/86 1.1 1/87 1.1

6 Month 18/88 20.5 1/87 .1 3/84 3.4 2/86 2.3

12 Month 17/63 27.0 0/63 0 0/62 0 0/63 0

*Neurologic status not on discharge case report om; a ,cts

Table 80. Details of cardiac examination findings at 12 months (N=64).

Findings Fre uenc

AF or irregular 18 28.1
Tachycardia 1 1.6

Other 3 4.7

None 2 3.1

Table 81. Number of subjects with irregular HR or "AF" noted by study visit.

Stud Visit AF* Noted Fre uenc

Baseline 18 93 19.4

Discharge 10 93 10.8

I Month 17 91 18.7

3 Month 12 89 13.5

6 Month 16 88 18.2

12 Month 17 64 26.6

*AF as determined by "AF' or "irregular" in physical examination entry

7.8.2 24-Month Telephone Contact

At 24 months subjects were contacted by telephone and assessed for overall status,

arrhythmia experience, medications and adverse events.
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7.8.2.1 Symptomatic AF

As per the Protocol, at both the twelve-month study visit and the 24-month telephone

contact, subjects estimated the number of symptomatic AF episodes experienced

since the last study visit. Since rhythm strips were not recorded after six months post-

ablation, it is unknown how many of these episodes had AF as the underlying rhythm.

At twelve months, 26 (43%) reported no symptomatic episodes since the last study

visit and 39 (77%) reported three or fewer episodes. At 24 months, 17 (63%) reported

no symptomatic AF episodes since the last study visit and 19 (74%) reported three or

fewer episodes. Normalized to a 30-day reporting period, the mean (median) number

of monthly episodes at month 12 was 3.0 (1.0) and at month 24 was 7.1 (0.17). The

twelve-month mean figure compares favorably with mean episode frequency reported

at 6 months (3.7) and is less than 1/3 that reported at baseline (9.5).

Six subjects did not provide verbal reports of AF frequency experienced since the last

study visit. One had undergone AV node ablation and was not expected to have

symptomatic episodes. Review of associated case report forms and office visit notes

showed two (                           who continued to show good responses, one subject in

chronic AF and two with ongoing symptomatic AF (Table 82).

Table 82. Subjective outcomes among subjects not verbally reporting AF episodes experienced since

prior visit at the 12 and 24-month visit/contact.

Subject Stuy Comment

identifier Visit
"Patient verbally reports that the frequency of

1alpitation is far less than before."

1813 12 months AF "on oin"
Subject had undergone AV node ablation. Office visit

2304 12 months notes stated that subject "...denies any syncope,

...dizziness, ...palpitations..."

1009 24 months "Continuous since 12/01"

"...a few episodes of palpitations [over the prior 12
1104 24 monthsmots.months]..
1703 24 months "Pt in chronic afib"
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Table 83. Frequency of AF episodes reported since last study visit, standardized to 30 days.

Visit T e
AF Episodes Month 12 Month 24
Last 30 Days N=64 N=30*

o 26 17

1 10 -

2 3 2
3 8 1
4 3-
5 4 1

7 1-
8 1 1

10 - 2

12 2 -

14 1-
30 2 2

90 - 1
·*Missing values in 3 each for 12 and 24-month visits, respectively

7.8.2.2 Hospitalizations and Emergency Room Visits

Eleven emergency room visits for cardiac arrhythmias occurred among eight subjects

in follow-up, all for AF. In two visits, cardioversion was performed; in 4 visits

medications were administered, and in 5 cases the subject was treated conservatively.

During follow-up, 34 hospitalizations occurred in 21 study subjects. Of these, 30

were specifically for arrhythmia, and 25 were for AF (Table 84). Of the 34

hospitalizations, 7 involved cardioversions and in 5 pacemakers were placed

(previously described).
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Table 84. Frequency of hospitalizations for cardiac arrhythmia noted since last study visit.

Visit T ye AF Atrial Flutter Other Total

lmonth 3

3months 6 2 2 10

6months 4 4

l2 months 5 -I 6

24months 7 7

Total 25 2 3 30

7.8.2.3 Follow-up Ablations

Five subjects had a total of six non-AV node ablations that were not second linear

ablation procedures (Table 85). All but one occurred after the six-month follow-up

interval. One subject (                  underwent pulmonary vein ablation 67 days after the

initial investigational procedure. Although this subject had a target-level decrease in

symptomatic AF episodes during the six-month monitoring period compared to

baseline, the reduction may have been attributable to pulmonary vein ablation; thus,

in all data presented in this document, this subject has not been considered a right-

atrial linear catheter ablation success.

Table 85. Non-AV node ablations occurring during follow-up.

Subject Details
ID

Repeat right-atrial linear ablation 4/28/2003 for

recurrent AF, 285 days after linear ablation
Pulmonary vein ablation 9/24/2003 for recurrent

AF, 707 da s after linear ablation
Right atrial ablation 9/15/2003, modification of

         right atrial quarter procedure and circumferential
lesion around SVC, 728 days after linear ablation

Atrial flutter ablation January 2003, -580 days

after linear ablation, followed by pulmonary vein

ablation March 20, 2003 for recurrent AF, 659

after linear ablation
Pulmonary vein ablation at 6/23/2003, 67 days

after linear ablation
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7.8.2.4 Medications in Follow-up

Table 86 shows AAD medication use at baseline and in follow-up by study visit.

There were neither obvious trends in medication use at follow-up nor differences in

AAD use between follow-up periods and baseline.

Table 86. AAD medication use at baseline and in follow-up.

Visit T. e

Baseline 6 Month 12 Month 24 Month

(N=93) (N=88 N=64 (N=30

Fre % Fre % Fre % Fre %

AAD Class Medication
Amiodarone Amiodarone 18 19.4 15 17.0 11 17.2 3 10.0

Disopyramide 4 4.3 2 2.3 2 3.1 1 3.3

Dofetilide 8 8.6 7 8.0 6 9.4 4 13.3

vembraneMembrane Flecainide 8 8.6 18 20.5 12 18.8 2 6.7

Active
Propafenone 11 11.8 5 5.7 5 7.8 1 3.3

Sotalol 20 21.5 12 13.6 8 12.5 4 13.3

Atenolol 13 14.0 15 17.0 11 17.2 7 23.3

Carvedilol 1 1.1 1 1.1 1 1.6 -

Digoxin 12 12.9 8 9.1 6 9.4 5 16.7

Rate Control Diltiazem 19 20.4 11 12.5 5 7.8 -

Metoprolol 12 12.9 16 18.2 12 18.8 7 23.3

Propranolol 3 3.2 2 2.3 3 4.7 1 3.3

Vera amil 5 5.4 4 4.5 2 3.1 - -

Freq = frequency

Discussion. Follow-up was complete in Phase Ill of the REVELATION® Tx clinical

trial. No subjects have been lost to follow-up and only two subjects had missing

visits. Physical examination showed no obvious trends in physical findings. At

twelve months, physical examination findings showed no marked progression of

disease. The frequency of AF episodes in follow-up, estimated by subject self-report,

was substantially less at twelve months than at baseline. The twenty-four month

follow-up was too small to permit comparisons. Hospitalizations and ER visits were

relatively uncommon and did not show trends. Five subjects underwent subsequent

Confidential Page 140 of 293 January 20, 2004 J ~5

:11~~~~V O L M E



Cardinia, Inc. 
PMA #P020039/A006

ablations; four of these were 280 days or more after initial linear ablation.

Medication use in follow-up showed no obvious trends.

Confidential Page 141 of 293 January 20, 2004 7
VOLUME 12 I -



Cardirna, Inc. 
PMA #P020039/A006

8 DISCUSSION
This PMA amendment reports results of a Phase III clinical investigation of right-

atrial linear catheter ablation with the REVELATION® Tx Microcatheter system for

the treatment of symptomatic paroxysmal AF. The clinical study, a non-randomized,

single-armn clinical trial with a before-after design, showed that the creation of linear

RF lesions using the study catheter system produced clinically important reductions

in the frequency of symptomatic AF in the setting of an excellent safety profile.

Reductions in episode frequency at the six-month study endpoint were in the expected

range given the lesion sets chosen, and were accompanied by improvements in

quality of life as measured by both general and arrhythmia-specific instruments. The

safety of the RIF ablation was excellent, with an SAE rate that was compatible with

other, commonly performed ablation procedures. Notably, since catheter ablation did

not take place in the left atrium, there were no cases of stroke or pulmonary vein

stenosis.

Catheter-based right-atrial RF ablation using a linear catheter represents a clinically

valid and safe approach to symptomatic paroxysmal AF. As opposed to the "dot-to-

dot" technique in common use today, the unique design of the REVELATIOIN® Tx

Microcatheter promotes the creation of continuous, transmural lesions, which may

more closely reflect the lesions produced in the surgical "maze" procedure. Response

rates observed in the clinical study were high enough to be clinically important,

allowing a right-atrial approach to be a reasonable initial treatment strategy for

symptomatic AF; it is especially relevant for physicians and patients who may wish to

avoid the risk of pulmonary vein stenosis that has occurred in left-atrial procedures.
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Portnoy, Stuart

From: Jack Douglas Hack.douglas@cardima.com]
Int: Thursday, October 29, 1998 3:18 PM
A.I. Stuart Portnoy, MD_C: Allan Abati; Dina Fleischer; Donna Bea Tillman; Barbara Zimmerman

Subject: re: Cardima AF Project

Dr Portnoy
In our conversation the other day, we touched on several subjects that we agreed warranted further discussion by yourstaff. I am sending this e-mail with copies to other group members that briefly highlights those topics.
Our system will consist of the REVELATION Tx System (formerly known as Pathfinder AFTC), the Radionics generatorand Naviport deflectable guiding catheter.
Please note we have changed the product name. Is this an administrative issue?Following on our successful feasibility trial, we intend to treat AF patients strictly in the right atrium, and will besending a supplement to request an expanded multicenter study. To our knowledge there are no published EPS methodsfor pre-screening patients for this procedure solely in the right atrium, and we will include all patients with paroxysmal AFwith at least 3 episodes/month. The final device labeling will clearly state the device is limited for ablation use on the rightside. We will pursue a reduction of AF episodes (with or without continued drug therapy) and quality of lifeenhancement as objectives. We plan to show the improvement for a period of six months post treatment for the pre-market approval application.Although a recognized optimal lesion set for treating AF has not yet been defined in the literature, we haveproposed a set of lesions for this trial, which should produce a Maze-like effect. The proposed set is based upon thesuccess we saw in our European trial, which led to CE Mark certification, and the ten patient feasibility trial conducted inthe U.S. Investigators will use this lesion set in order to maintain some consistency, yet slight deviations may occur basedon best medical judgment which may be guided by mapping during the patient treatment. We would not want annccasional deviation to disqualify a patient.We understand that the number of patients to be enrolled should be based on a statistical analysis based onety and effectiveness. We understand that if the results show significant improvement, based on the endpoints ofisodal reduction or/and enhanced quality of life, that it may be possible to submit a PMA based on interim results.We would like to count enrolled patients as patients that sign a consent form and have an attempted treatment.We plan to monitor episodes using cardiac event cards. Patient compliance will rely on proper patient orientationand training prior to enrollment in order to ensure compliance. We are interested in the FDA's opinion regarding the use ofdiaries. Is this a requirement, or recommendation, or have use of diaries been found to be unreliable? What is theagency's experience with use of loop recorders? Has use been found to be a reliable measure?We want to agree upon these and other issues regarding our study prior to commencing; i.e. arrive at asatisfactory contractual agreement. It may also be important to get early panel member feedback on the study.

Thank you for taking your time to review these issues. We will be sending several supplements in the near future to reporton our progress, as well as propose expansion to a pivotal study. Thus your timely feedback will be much appreciated.
Regards,

Jack Douglas
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Portnoy, Stuart

From: Portnoy, Stuart
'nt: Monday, November 16, 1998 10:49 AM

Jack Douglas (E-mail)
Cc: Fleischer, Dina J.; Zimmerman, Barbara C.; Tillman, Donna-Sea
Subject: Cardimna REVELATION Right Atrial AF Ablation System

Dina, Barbara, Donna-Bea, and I met earlier this week to discuss the issues raised in your E-mail dated October 29, 1998regarding your REVELATION Right Atrial AF Ablation System. The following are the recommendations that we have foryou at this time:

1 .Radionics RF Generator

We are concerned that your investigational AF ablation system includes an RIF generator which does not appear to beon a track fo~r market-approval. Please further discuss this issue with Barbara Zimmerman.
2. Indication for Use

Your intention to market your AF ablation system for use only in the right atrium appears acceptable. Your proposal toinclude in the final device labeling a Warning that clearly states that the device is limited for ablation only in the rightatrium is appropriate and will be a necessary part of your Instructions for Use and device packaging labeling.
3. Clinical Trial Design

We acknowledge that performing a randomized clinical trial to investigate AF ablation is probably not the best way todetermine the safety and effectiveness of this procedure. Instead, we believe that the most appropriate study designis for patients to act as their own control. Consequently, your proposal to include as a primary study endpoint thedemonstration of a reduction in AF episodes appears acceptable. Please note that to collect valid scientific evidenceand minimize the potential for reporting bias, it will be necessary for you to design your clinical study so that patientsare monitored for AF episodes for a certain period of time prior to receiving ablation therapy.
We believe that you should consider including other primary study endpoints such as the rate of occurrence of major/complications and patient deaths, and the acute non-inducibility of AF (or some other surrogate of acute success).Please note that although we believe that a certain quantitative improvement in patient quality of life is clinicallyrelevant, demonstrating this improvement would most likely be considered a secondary endpoint of the study. Yourproposal to follow patients for 6 months appears acceptable, but this period of time may ultimately depend onpatients' frequency of reported AF episodes during the post-ablation period.

4. Lesion Set

Your proposal to include in the investigational protocol a lesion set (which you believe is optimal) appears acceptable.We acknowledge that investigators will use this lesion set in order to maintain some consistency, yet slight deviationsmay occur based on best medical judgment which may be guided by mapping during the patient treatment. Suchoccasional deviations presumably will not disqualify patients from data analysis.
5. Interim Data Analysis

We believe that it is inappropriate to submit a PMA application based on interim study results. Please note that thesize of your PMA patient population should be consistent with your prospectively defined sample size. In addition,please note that prior to submitting your PMA application, it will be necessary for all treated patients to have beenfollowed-up for frequency of AF recurrence out to the end of the chronic success monitoring period.
6. Event Monitoring

Your proposal to monitor AF episodes using cardiac event cards is appropriate.
7. Contractual Agreement

Please clarify what you mean my 'contractual agreement'. If you would like to arrange an Agreement Meeting perFDAMA, we would refer you to the guidance document "Early collaboration meetings under the FDA ModernizationAct". '

*Please note that we plan to work closely with you prior to your multicenter study expansion to provide you with the7guidance necessary to design what we believe would be a study intended to demonstrate the safety and effectivenessof an investigational AF ablation system.

Since the Circulatory System Devices Panel met just last July to discuss AF ablation clinical trial design, we believethat obtaining further Panel input at this time would not be very helpful. 4
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Sample Patient Informed Consent Form

Title of Project: "Evaluation of Radiofirequency (RF) Ablation of Atrial Fibrillation in the Right
AtriuIM"

Protocol No.: (C97-103-AF, Phase IIB3)

Principal Investigator: _________

BACKYiGROUND
I have been asked to participate in a research study to evaluate a new approach to the management of
atrial fibrillation called radiofrequency catheter ablation. This involves the creation of multiple burn
lines in the right atrium (the upper chamber of the heart) using a catheter placed into the heart
through veins in my leg(s) and/or neck. The device to be evaluated during this study is the
R-EVELATION TM Tx MicroCatheter System. The Sponsor of this study is Cardima. located in
Fremont, California, USA.

I have been asked to participate in this study because I have atrial fibrillation that does not respond to
or is difficult to control despite the use of medication.

This study is being conducted in up to fifteen centers in the United States and will involve
approximately 80 participants. My participation in this study will involve additional follow-up
clinical tests and examinations for a period of six months post procedure.

PURPOSE OF RESEARCH
The purpose of this research is to determine the safety and effectiveness of creating burn lines in my
right atrium (upper chamber of the heart) using radiofrequency energy with the REVELATION Tm Tx
MicroCatheter System to treat my atria] fibrillation.

PROCED URES
If I decide to participate, within 30 days prior to the procedure, I will have a complete physical
examination, including a medical history. I will also undergo routine testing, including an
electrocardiogram, a Masters Step Test (walking up and down 2 steps to determine my heart's
response to exercise), a 24 hour Holoter monitor (a continuous EKG monitor worn for 24 hours to
record my heart rhythm), and laboratory tests (to check my blood clonting times). Approximately
one teaspoon of blood will be withdrawn from a vein to check my blood clonting times. 1ffI am a
female and capable of becoming pregnant, an additional test will be performed within 24 hours prior
to the procedure to determine if I am pregnant. If the test is positive, I will not be eligible to
participate in this study.

Cardirnia Inc.a CONFIDENTIAL
u j.



Cardima'REVELATJONTM Tx Microcatheter System IDE G970280 Supplement!!

I will also be given a cardiac event monitor (a small device about the size of a credit card) to record
my heart rhythm both during short periods when I am experiencing heart symptoms. This small
device is to be carried with me at all times. I will be instructed in its use and how to relay the
information from the cardiac event monitor to a database by telephone. I understand to be eligible
for this study, I must have at least three documented, transmitted episodes of symptomatic atrial
fibrillation within a 30 day period.

If I am not already on Cournadin (a medication that "thins" my blood and is commonly prescribed
for patients who have atria] fibrillation), I will be started on it at least four weeks prior to the
procedure. My physician will obtain blood samples at his discretion to keep my blood thinned at a
therapeutic level.

Periodically during my participation in this study, I will be asked to complete two Quality of Life
questionnaires (the SF-36 and the Atrial Fibrillation Severity Scale). These questionnaires will take
aboci twenty minutes of my time to complete. I will complete the questionnaires prior to the
procedure (within the baseline period) and at the 3) and 6 month follow up visits after my procedure.

Within two days prior to the procedure, I will have a transesophageal echocardiogram (my heart
function will be imaged with sound waves after I swallow a small tube) to check for abnormalities in
my heart. The tube is removed immediately after the test is completed.

Three to four days prior to the procedure. I will stop taking my coumnadin as my physician instructs.
The (lay before I have the procedure. I will have an injection of low molecular weight heparin
(another form of a blood thinner that is injected under the skin).

The night before the procedure, I will not eat or drink anything after midnight. I will arrive at the
hospital at the time my physician tells me to. Approximately one hour prior to the procedure, I may
be given medication to relax. I will then be brought to the Electrophysiology Lab where I may be
given additional sedative medication. The procedure will last between approximately two and eight
hours. During the procedure, I may be either asleep or be awake but feel sleepy and relaxed
throughout the procedure.

During the procedure, a local anesthetic will be used so that catheters (long, thin tubes) may be
placed in my heart through the veins in my legs and neck. Once the catheters are positioned, I will
begin to receive heparin through an intravenous line. With the catheters in place, the rhythm of my
heart will be studied in detail and recorded from several locations. Arrhythmias (irregular heart
beats) may be induced (started) and pacing (sending signals from an external source via a catheter to
alter my heart rate) may be performed. During this time, I may be aware of palpitations (rapid heart
action). The REVELATIONTM Tx catheter will be connected to a radiofrequency source to ablate
(burn) tissue in the right atrium (upper chamber) of my heart. The R.EVELATION TM Tx will be
placed through a special deflectable catheter to create at least one of the lines in my heart (this may
help improve the contact between the REVELATION Tm Tx catheter with my heart tissue) . It is
hoped that this ablation will stop or reduce the atria] fibrillation that I currently experience.
Periodically, additional specimens of blood will be taken from one of the catheters to test the clonting
time of my blood.

At the end of the procedure, the heparin drip will be stopped so that the catheters can be removed
from the veins in my legs and neck. I will be required to remain lying in bed for approximately six
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hours to prevent bleeding from the catheter entry site. On the evening after the procedure, my
coumadin medication will be resumed and I may be restarted on my heparin drip or may receive lokN
molecular weight heparin. Additionally, I will be required to wear a continuous EKG monitor for a
minimum of 24 hours. Another echocardiogram will be performed within 24 hours after the
procedure. Before I am discharged from the hospital, I will be given my cardiac event recorder again.

I may be required to remain hospitalized at least overnight following the procedure.

Upon discharge from the hospital. I will be asked to return at specified intervals for follow up visits.
I will be required to have my blood tested periodically to monitor the clotting time of my blood and
make any necessary medication adjustments. I will continue to take my antiarrhythmia medications
(the medications for controlling my heart rate) for a minimum of three months after the procedure.
unless my physician instructs otherwise. I will be asked to continue carrying the cardiac event
monitor with me at all times and to use the monitor as instructed for the six month follow up period.

Follow up exams are scheduled for Month 1, Month 3 and Month 6 after the procedure. At each of
these visits, I will have a physical examination, an electrocardiogram, and a complete review of my
medications and cardiac event monitor tracings At the Month 3 visit, I will be asked to perform the
Masters' step test, to have a transthoracic echocardiogram, a Holter monitor and complete the
Quality of Life questionnaires. At the Month 6 visit, I will have a Holter monitor and again complete
the Quality of Life questionnaires. The purposes of these scheduled follow up visits is to determine
if mv atrial fibrillation recurs, to examine the pumping function of my heart, to collect safety data
and to collect data on how the procedure may or may not have affected the quality of my life.

DISCOMFORTS
During this procedure, I may experience some discomfort. These discomforts include the following:

] I will not be permitted to eat or drink from midnight on the day of the procedure until after the
procedure

* I will have multiple needle sticks in my veins to insert intravenous lines, catheters and to draw
blood specimens. These sticks may cause a small amount of bleeding and/or bruising.

* 1 will have several EKGs performed. This involves cleaning and rubbing on several spots on my
chest and the attachment of limb leads to my arms and legs.

* I will have multiple echocardiograms performed which involve lying still on my back and left
side for approximately 20 minutes for each echocardiogram performed.

a I will experience discomfort from the administration of local anesthetic in my right and left groin
and right neck at the start of the ablation procedure.

* I may experience bruising in my groin or neck after the procedure due to placement of catheters
in these areas. This bruising may take several weeks to resolve.

* During the actual procedure and for six hours after the procedure, it will be necessary for me to
lie flat on my back without sitting up.

* I may experience inconveniences related to clinical study participation and the requirement of 6
month follow-up.

Cardima, Inc. CONFIDENTIAL
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RISKS
This procedure is considered to be experimental and as such. I need to be aware of possible
complications accompanying cardiac electrophysiology and catheter ablation. Also, there may be
some risks which are not known at this time. The risks of the procedure are related primarily to
mechanical injury to the heart and vessels from catheter manipulation and the risk of
thromboembolism (blood clot formation that can cause stroke). The standard risks of anesthesia also
exist and include allergic reactions, medical complications and death. Risks are as follows:

* Pain or discomfort at the catheter insertion sites in the legs or neck; back discomfort from lying
fiat in bed during and after the procedure

* Exposure to x-ray during the procedure
* Adverse drug reactions
* Clot formation in the arteries or veins of the heart and/or lungs which can cause pain and

shortness of breath
* Embolization (dislodged fragments of clots or tissue or catheter being released into the

bloodstream) which could lead to stroke, heart attack or obstruction of pulmonary (lung) blood
flow

* Femoral arteriovenous fistula (communication between the artery and vein)
* Pericarditis (inflammation of the lining of the heart)
* Abnormal heart rhythms, possibly requiring treatment with drugs and/or electric shock for

restoration of a normal rhythm
* Infection in the bloodstream or heart tissue (which can lead to hospitalization and/or death)

Bleeding, with the potential necessity of a blood transfusion
• Excessive or uncontrolled bleeding which can lead to stroke or death
* Collapsed lung, requiring the temporary placement of a chest tube

Injury to major blood vessels including the coronary arteries and potentially causing a heart
attack

* Perforation of the heart with bleeding into its surrounding sac, possibly requiring emergency
drainage with a needle through the chest wall

* Perforation of the major vessel leaving the heart (aorta) with the subsequent creation of an
abnormal opening between the atria and the aorta requiring surgical correction

* Injury to one or more heart valves
• Damage to the septal wall between the atria (upper chambers of the heart)
* Damage to the heart's normal electrical system resulting in heart block and requiring a

permanent pacemaker
Damage to or loss of a limb due to obstructed blood flow distal to the catheter insertion site

• Nerve damage
* Death

These complications are rare, and most, but not all, are treatable with little or no remaining side
effects. If complications do occur, Dr. ( Name ) will treat me as appropriate. This treatment may
include a surgical procedure. My participation in this study may subject me to risks which are at this
time unknown. Under certain circumstances, the investigator may terminate my participation in the
study without asking my permission, when it is in my best interests to do so.

If I am pregnant at the time of the procedure, the procedure will not be performed due to
unforeseeable risks to the fetus or embryo.

Cardimna, Inc. CONFIDENTIAL
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BENEFITS
It is hoped that this procedure will prevent my atrial fibrillation from recurring or will reduce the
frequency at which it occurs, or will make it easier to control with medication. I have been informed
that thie procedure may fail to improve my atrial fibrillation. Iff1 have other heart rhythm problems
other than atrial fibrillation, I have been made aware that this procedure is not intended to improve
those other arrhythmias.

It is believed that this research may be beneficial in the future to others who have difficult to manage
atrial fibrillation.

WE CANNOT AND DO NOT GUARANTEE OR PROMISE THAT YOU WILL RECEIVE ANY
BENEFITS FROM THIS STUDY.

I will be told if any new information is learned which may affect my condition or influence my
willingness to continue participation in this study.

While participating in this study, I should not take part in any other research project without approval
from all of the investigators. This is to protect me from possible injury arising from such things as
extra blood drawing, extra x-rays, interaction of research drugs, or similar hazards.

If I am pregnant at the time of the procedure, the procedure will not be performed due to
unforseeable risks to the fetus or embryo.

If I amn a woman who is able to become pregnant, it is expected that I will use an effective method of
birth control to prevent exposing my developing baby to a potentially dangerous agent with unknown
risk. If I am pregnant or currently breast feeding, I may not participate in this study. I understand
that if I am pregnant, or if I become pregnant or if I am breast feeding during this study, I or my
child may be exposed to a known risk of radiation (x-rays) and blood thinning agents (Coumadin,
heparin).

To confirm to the extent medically possible that I am not pregnant, I agree to have a pregnancy test
done within 24 hours before the procedure.

AL TERNA TIVE TREA TMENTS
If I do not wish to participate in this study, Dr. ( Name ) has explained that the following treatment
options are available to me:
I) If I am currently taking medication, I may continue to do so and not undergo any procedure.
2) 1 may undergo standard catheter ablation of my heart (called AV node ablation) and the

subsequent necessary implantation of a permanent pacemaker
3) I may undergo modified AV node ablation that may not require the subsequent implantation of a

permanent pacemaker
4) Iff1 am an eligible candidate, I may undergo open heart surgery (called the maze operation)

Significant new findings learned during the course of this research may affect my willingness to
conti~nue participation as a study subject. As such, I will be kept informed of significant new
developments by my physician, Dr. ( Name )

Cardimua, Inc. - CONFIDENTIAL
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COA1FIDENTIALITY
Should I choose to be a participant in this study, I will be assigned a unique study code that will not
reveal my identity. This code will be used on all data and data collection forms during the study
period. Any data that may be published in scientific journals will not reveal the identity of the
subjects. Patient information may be provided to Federal and regulatory agencies as required. The
Food and Drug Administration, for example, may inspect research records and learn my identity if
this study falls within its jurisdiction. The purpose of this research is to obtain data or information
on the safety and effectiveness of the REVELATIONTM Tx Microcatheter System; the results will be
provided to the sponsor, the Food and Drug Administration and other federal agencies as required.
My imedical charts and records will be made available to the study sponsor and appointed study
monitors for confirmation of data collected. Every reasonable effort will be made to protect my
identity and maintain my confidentiality as a study participant.

COMIPENSA TION
I will be compensated twenty-five dollars ($25.00) for the inconvenience and incidental expenses
associated with completing Quality of Life questionnaires at each of the follow up visits that require
such (Month 3 and Month 6 follow up visits) for a total of $50.00. I or my insurance company will
be responsible for costs incurred related to clinical and diagnostic tests and examinations and the
electrophysiology ablation procedure, admission to the hospital and any treatment of adverse events
determined to be related to the procedure, as well as follow up examinations. Cardima, Inc. is
providing limited financial support to the hospital and/or materials for this study.

VOL UNTAR Y PAR TICIPA TION
My decision whether or not to participate will not prejudice me or my medical care. If I decide to
participate, I am free to withdraw my consent and to discontinue participation at any time without
prejudice to me or effect on my medical care.

At the discretion of the principal investigator, subjects may be taken out of this study.

STUDY INFORMATION
If I have any questions, I may call (names and phone numbers)

All forms of medical diagnosis and treatment-whether routine or experimental-involve some risk of
injury. In spite of all precautions, I might develop medical complications from participating in this
study. If such complications arise, the researchers will assist me in obtaining appropriate medical
treatment but this study does not provide financial assistance for additional medical or other costs. I
do not waive any liability rights for personal injury by signing this form. For further information,
please call (number for Human Research Subjects Office): or write

(address for Human Research Subjects Office). In addition, if I am
not satisfied with the manner in which this study is being conducted or if I have any questions
concerning my rights as a study participant, I may contact the Human Subjects Office at the above
address and telephone number.
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As a human subject, I have the following rights. These rights include, but are not limited to, the
subjects' rights to:

* be informed of the nature and purpose of the experiment;
• be given an explanation of the procedures to be followed in the medical experiment and

any drug or device to be utilized;
* be given a description of any attendant discomforts and risks reasonably to be expected:
* be given an explanation of any benefits to the subject to be expected, if applicable;
* be given a disclosure of any appropriate alternatives, drugs or devices that might be

advantageous to the subject, their relative risks and benefits;
* be informed of the avenues of medical treatment, if any, available to the subject after the

experiment if complications should arise;
* be given an opportunity to ask questions concerning the experiment or the procedures

involved;
* be instructed that consent to participate in the medical experiment may be withdrawn at

any time and the subject may discontinue participation without prejudice;
* be given a copy of the signed and dated consent form and be given the opportunity to

decide to consent or not to consent to a medical experiment without the intervention of
any element of force, fraud, deceit, duress, coercion or undue influence on the subject's
decision.

MY SIGNATURE INDICATES THAT I HAVE READ AND UNDERSTOOD THE ABOVE
INFORMATION, THAT I HAVE DISCUSSED THIS STUDY WITH THE INVESTIGATOR AND
HIS STAFF, THAT I HAVE DECIDED TO PARTICIPATE BASED ON THE INFORMATION
PROVIDED, AND THAT A COPY OF THIS FORM HAS BEEN GIVEN TO ME.

Signature Month/Day/Year

Witness or Investigator Signature Month/Day/Year

I have explained to the study subject the purpose of this research study and the potential benefits as
well as the potential risks. The study subject has been provided a copy if this signed document.

Investigator Signature Month/Day/Year

Cardima, Inc. CONFIDENTIAL
{, {.. u El ':~
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Jack P. Douglas, Ph.D.

Regulatory Affairs Manager

Cardima, Inc.
47266 Benicia Street

P.O. Box 14172

Fremont, CA 94538

Re; IDE Number G3970280/S21

Cardima REVELATIONw Tx Microcatheter System -

RA atrial fibrillation

Dated: April 22, 1999

Received: April 23, 1999

Dear Dr. Douglas:

The Food and Drug Administration (FDA) has reviewed the supplement to

your investigational device exemptions (IDE) application. Your

application remains conditionally approved because your supplement

adequately addressed only some of the deficiencies cited in our

December 11, 1998, letter. You may continue your Phase II Limited

Safety and Effectiveness Study at the institutions enrolled in 
your

investigation where you have obtained institutional review board 
(IRB)

approval and submitted certification of IRB approval to FDA. Your

investigation is limited to s institutions and 30 subjects.

This approval is being granted on the condition that, within 45 days

from the date of this letter, you submit information correcting the

following deficiencies:

Study Endpoints

1. Please revise your safety endpoints to state the incidence

of major complications to be measured during your study

rather than adverse events.
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2. with regard to your proposed secondary endpoint assessing

Quality of Life (QOL), please describe all labeling claims

you wish to make based on the QOL results. If you intend to

present the QOL results in your labeling, please address the

following concerns:

a. Please provide a copy of both instruments (SF-36 and AF

Severity Scale) that you have indicated to use to

evaluate QOL. In addition, please describe how the SF-

36 was validated for your patient population.

b. Please state your hypotheses and perform a sample size

calculation to determine whether your study will have

sufficient power. Your expected change in score should

be both statistically and clinically relevant. Describe

your analysis plan, including what statistics will be

used to evaluate multiple endpoints.

c. Please describe your scoring methods, including methods

used to combine domain sub-scales into aggregate scores.

d. The observation period for your QOL assessment interval

should correspond to your study's expected long- or

short-term treatment effect. Please state and justify

the assessment interval. If multiple follow-up

assessments are performed, please identify which

endpoint corresponds to your main quality of life

hypothesis.

e. Please state whether the questionnaire will be completed

by the patient or given by an interviewer. If the

patient is to complete the form independently, detailed

instructions should accompany the form. If an interview

method is used, the administrator should follow a script

in order to minimize bias.

f. Please describe how missing data will be tracked and

managed in the statistical analysis.

Statistical Plan

3. The study hypothesis that you provided states that the

rejection of the null hypothesis would require more than 50%

of the patients to achieve success as defined. You have not

provided, the delta required for the calculation of a sample
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size. For example, if that delta is defined as 10%, more

than 200 patients would be required for your study. Please

define and justify a delta for your statistical assumptions.

4. The sample size calculation that you provided is not

consistent with your defined study hypothesis. Your

hypothesis deals with a rate of success where each patient

will be classified as a success or a failure. Calculating

the percent reduction of episodes across the entire patient

population is not clinically relevant. Therefore, please

provide revised sample size calculations consistent with the

study hypothesis. The calculations should include all

assumptions, formulae and parameters used (e.g., standard

deviation).

5. Although you require the patients to carry a monitoring

device to record episodes of AF, the data in this study are

nonetheless self-reported, and thus may be subject to some

degree of reporting bias. Especially worrisome would be any

tendency for more zealous reporting in the screening period

due to a desire to be included in the study. To help

forestall this, please provide a plan to prevent patients

from being made aware of the minimum of three sustained (Ž30

min) episodes of AF required for full participation in the

study until after the monitoring period.

6. Your protocol states that patients will be screened for

three or more AF episodes prior to study entry. When

including baseline measurements, the problem of " regression

to the mean" could arise. This problem could potentially

be exacerbated by reporting bias. For this reason, follow-

up of the non-treated patients is desirable. For example,

if patients who had few AF episodes in the monitoring period

experienced many AF episodes in succeeding months, a warning

that regression to the mean could be a distinct possibility.

Therefore, please provide a plan for following patients who

are enrolled in your study but are not entered into the

treatment phase.

This information should be identified as an IDE supplement referencing

the IDE number above, and must be submitted in triplicate to:

IDE Document Mail Center (HFZ-401)

Center for Devices and Radiological Health

Food and Drug Administration

9200 Corporate Boulevard

Rockville, MD 20850

leh
Highlight
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If you do not provide this information within 45 days from 
the date of

this letter, we may take steps to propose withdrawal of approval of

your IDE application.

If you have any questions, please contact Dina Fleischer at

(301) 443-8517.

Sincerely yours,

Thomas J. Callahan, Ph.D.

Director
Division of Cardiovascular

and Respiratory Devices

office of Device Evaluation

Center for Devices and

Radiological Health
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Ms. Marianine Baldwin
Director, Regulatory/Clinical Affairs
Cardima., Inc.
47266 Benicia Street
P.O. Box 14172
Fremont, CA 94538-7330

Re: G970280/S042
REVALATIONTm Tx Microcatheter System

Dated: April 11, 2001
Received: April 13, 2001

Dear Ms. Baldwin:

The Food and Drug Administration (FDA) has reviewed the annual progress report to your

investigational device exemptions (IDE) application and has determined that additional

information is required. Please address the following questions and concerns:

I1. The primary effectiveness endpoint of your Phase III study is an absence or reduction in the

frequency of spontaneous episodes of symptomatic AF during the six months post

procedure. Therefore, it will be important to ensure that patients closely follow the protocol

with regard to monitoring in order to provide meaningful results. You reported that 3 oftile

patients were non-compliant with Holler monitoring, transtelephonic transmission and

follow-up visits. Please provide a plan to decrease the number of protocol deviations, inl

particular the transtelephonic recordings post-procedure.

2. Per our conversation on May 3, 2001, please re-submit correct numbers for Table 16,

"Reduction of arrhythmic episodes for Phase II patients."

3. It appears that the definition of acute success has changed several timnes in the development

and implementation of the feasibility study, in the first two phases of this IDE'. For example

on page 18, you state that the acute success is the "a bi-directional conduction block at the

isthmrus line" and on page 22 You state that the acute success "no longer requires pre-pacing

thresholds (because of the time required to obtain them during the procedure) in Phase 11 and

Phase Ill." Please clarify how the investigators arc defining sinus node dysfunction pre and

post-procedure. Is there a standard definition'? How does your definition effect the analysis

of ysour safety and effectiveness data?
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This information must be submitted to FDA within 45 days from the date of this letter. It should
be identified as an IDE supplement referencing the IDE number above, and must be submitted in
triplicate to:

IDE Document Mail Center (HFZ-401)
Center for Devices and Radiological Health
Food and Drug Administration
9200 Corporate Boulevard
Rockville, MD 20850

If you do not provide this information within 45 days from the date of this letter, we may take
steps to propose withdrawal of approval of your IDE application.

If you have any questions, please contact Cindy Demian at (301) 443- 8517.

Sincerely yours,

James E. Dillard Ill
Director
Division of Cardiovascular

and Respiratory Devices
Office of Device Evaluation
Center for Devices and

Radiological Health

'S_ t7



Memorandum Wednesday, May 19, 1999

To: RA Files
Fr: Jack Douglas
Re: FDA Telephone Call - REVELATION Tx

A conference call was made with Dina Fleischer, FDA reviewer, myself and Vicki Hacker
regarding issues involving the REVELATION Tx Phase II clinical study. Highlights from that
conversation are as follows:

* Dina reiterated the phases of an AF clinical study:
* Phase I - Safety issues are main focus ( about 1 0 patients).
• Phase II - Limited clinical study; safety and effectiveness (from 20-50 patients).
* Phase III - Pivotal trial; supportive of a pre-market approval.

* Vicki reiterated the importance that Cardima maintain momentum for the study, and that
abrupt start-and-stop causes problems with investigators and subject enrollment. Cardima
would like to continue to place patients on monitoring cards in order to maintain momentum
and screen for candidates for ablation.

* Vicki will submit a letter in about two weeks with 6 month follow-up data on 10 patients and 1
month follow-up data on a second group of 10 patients. Cardima is interested in discussing
these results at a meeting scheduled for June 22.

* Will submit a supplement to monitor additional patients (up to 70), but not treat more than forty
(40) patients total until reviewed by the FDA. Simply want to maintain momentum of the study
for simple monitoring by heart cards.

-Cardima's S22, currently under review, requests an additional 10 patients. Dina stated
that approving the additional 10 patients probably won't be an issue now, however, the
requested 20 additional pts that Jack made over the phone would need to be
discussed. Dina suggested that a supplement be submitted requesting the additional
patients as stated in the bullet above, and we would consider their request. :

Dina stated that the FDA maintains the position that use of any other manufacturer's device
(besides a Cardima catheter) at the isthmus line constitutes failure. She cautioned that the
catheter would not receive an indication for treatment for atrial flutter, we would have to
conduct a separate study for that indication. This may be a topic of discussion for our June
meeting.

Cardima is also interested in adding Massachusetts General Hospital as an initial
investigational site as these co-investigators are instrumental to the study. Dina suggested
that Cardima submit their justification in the future supplement requesting expansion.
FDA would consider their rationale at that time. However, the sponsor has been
approved for an additional 8 sites, with 3 being added at a separate time. It appears
that the sponsor is not in control of their investigators and the study. Vicki presented
a clear justification for wanting to add Mass General, so Dina stated to submit their
rationale for review.



* Cardima is interested in modifying follow-up use of patient self-administered heart cards from

each of months 1-6 to each of months 1, 3 and 6. This could be discussed in the upcoming
meeting.

* Dina requested a table of data for small cohort of subjects using the Naviport as requested in

our 11/5198 letter (S11). FDA requested that Cardima provide clinical data on the

NAVIPORT catheter from a small cohort of pts prior to requesting expansion to a multi-

center study,-

* The issue of what to do with patients implanted with pacemakers needs further discussion as

to the type of follow-up data needed.

* A formal progress report would be submitted to the agency once the information is obtained

and prepared.
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Mr. Jack Douglas
Director of Regulatory Affairs
Cardima, Inc.
47266 Benicia Street
P.O. Box 14172
Fremont, CA 94538

Re: IDE Number G970280/S35
Cardima REVELATION"M Tx Microcatheter System
Dated: March 7, 2000
Received: March 8, 2000

Dear Mr. Douglas:

The Food and Drug Administration (FDA) has reviewed the supplement to
your investigational device exemptions (IDE) application proposing the
following:

1. Allow investigators to perform a second ablation procedure if
necessary

2. Change patient entry criteria from excluding patients with prior
CVA to excluding patients with CVA within the past 6 months

3. Allow enrollment of patients who are only refractory to
amiodarone

4. Increase maximum age for enrollment from 75 to 80 years
5. Allow for study subjects who fail initial enrollment observation

period(i.e., because AF frequency is too low) to reapply for study
enrollment after 6 months

6. Substitute University of Chicago study center for Mill~burn NJ
study center

For protocol change #6 (Substituting University of Chicago for
Millburn NJ study center) , please note that you will not be able to
make this substitution because once an institution has enrolled at
least one patient, that institution is considered part of the clinical
study and counts toward the maximum number of allotted study centers.
However, FDA is considering this submission (based on verbal
confirmation by you during a telephone conversation on 4/6/00) as a
request: for study expansion. As a result, your IDE supplement
proposing an expansion of your investigation to include one additional
institution and your request for protocol changes (items 2-5) is
approved. You may implement these changes at the institutions
enrolled in your investigation after you have obtained institutional
review board (IRB) approval and submitted certification of 1RB
approval to FDA. Your investigation is limited to 10 institutions and
20 subjects.
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However, your request for item 1 is conditionally approved, and you

may also implement this change at the institutions enrolled in your

investigation. This approval is being granted on the condition that,
within 45 days from the date of this letter, you submit information

correcting the following deficiency:

For protocol change #1 (Allowing investigators to perform a second

ablation procedure), please submit a modified investigational plan

using a Blanking Period according to the following proposed

guidelines:

FDA recognizes that some of the patients treated in your study may

require an additional ablation procedure to terminate an

arrhythmia(s) (e.g., a typical atrial flutter) that may be masked by

the original atrial fibrillation or that may develop after the

initial procedure with changes in the cardiac substrate. As a

result, investigators may treat non-AF arrhythmias or AF recurrences

during the initial ablation procedure or at a subsequent treatment
session.

FDA recommends that you incorporate into your study design a pre-

defined blanking period (not to exceed 4 months) to allow for

subsequent ablation procedures. Special consideration should be

given to the following issues relating to the blanking period:

a) The blanking period will provide for the potential delay in

recovery of the treated cardiac chambers.

b) During the blanking period, supplemental procedures for the

ablation treatment may be performed with investigational devices

at the discretion of the investigator.

c) Procedural and clinical event data should be collected,
tabulated, and analyzed for the supplemental procedures performed

during the blanking period.

d) Because your study is intended to support the marketing claims

for a defined ablation treatment system, only the investigational

system should be used during the blanking period. If a patient

requires an additional treatment with a non-investigational
device during the blanking period, the patient should be

considered an acute failure.

e) The defined (6 month) follow-up period should begin at the

conclusion of the blanking period.

f) After the blanking period, episodes of sustained AF will be

categorized as a recurrence of arrhythmia.

2646
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This information should be identified as an IDE supplement referencing
the IEE number above, and must be submitted in triplicate to:

IDE Document Mail Center (HF'Z-401)
Center for Devices and Radiological Health
Food and Drug Administration
9200 Corporate Boulevard
Rockville, MD 20850

If you do not provide this information within 45 days from the date of
this letter, we may take steps to propose withdrawal of approval of
your IDE application.

We would like to point out that FDA approval of your IDE supplement
does not imply that this investigation will develop sufficient safety
and effectiveness data to assure FDA approval of a premarketi approval
(PMA) application for this device. You may obtain the guideline for
the preparation of a PMA application, entitled "Premarket Approval
(PMA) Manual," from the Division of Small Manufacturers Assistance at
its toll-free number (800) 638<2041 or (301) 443-6597.

You should also give serious consideration to the following item which
is considered important for the analysis of your data for the purposes
of determining safety and effectiveness for a future PMA application:

Please be advised that if too many study centers have treated only
one or several patients, you may have difficulty in demonstrating
poolability of your safety and effectiveness results from your
clinical study.

If you have any questions, please contact Stuart Portnoy, MID at
(301) 143-8525 x 180.

Sincerely yours,

Ja-meys . Dillard III
Director
Division of Cardiovascular and Respiratory

Devices
Office of Device Evaluation
Center for Devices and Radiological Health



MEMORANDUM

DATrE: 'I hursday, April 20, 2000

TO: REVULATIONTm Tx Project File

[FROM: Jack11 DoUglas

SUBJECT: RIKVFI,AjIIONTm Tx IDF MEETING

FDAAttendees. Megan Movinalhan, Stuart Portroy. MD: Gary IKamer. Nancy Brogden, Dina lFleischer
(by phone .
Card irna Attendees:.Jack Dougflas, PhD, Allan Abati. PhD. Rog~er Marinchak, MD, Phil Radi ick, PhD.
K UShal Vepa. I-larrIison Stubbs, PhD.

N ote: Specifi1c discussion1 is noted by bti Ilet points.

A mcetin., was held Illiursday, April 13. 2000 to discuss thre REVF'LA IIONIMI Tx IDE (G970280) project
xvi th the01c~-c oP I )ev ice -va]lant ioni(ODE) in Gaith er-sbu rg, ,MD. Ih cnafrtemeinaws

(hiOtliInc of Agieem ent bullet poi its.
2. Description of dev ice and system.
3. R~ev i c ol Phase I /HI Resu Its.
4. R~eviexx of Phase Ill statistical plan, NavAblator catheter and DSMB1.
5r. ( vera] I discussion.

I1. Dou~plas presented bullet points that Carditrna won Id like tn have agreemnent with the FDA.

It was noted by M. Moyhahan and N. Bro~gden that it would not be appropriate to request anl
Agrieemient Meeting at this time as there were supplements pending review.

I1. DoUvalas also rev iew~ed overall ['base II Objectives. Selection criteria. Set-up. Procedurle. Fol1low-Up
p lan. a id recent Study changes su bniitted in a su pplemeniit.

* ardima presented a plan by xvhicl a subject can receive a second procedure within 6 mionths
altler the i ntia I teatmient. The six month follow- up pen odStsfor such Subjects Will be from11 the
time of the second procedure.
I'Ph e FDA requested a 'blanking period'' be in stirtited for 1 -3 months fol lowing i ntial treatmient to
provide lor, healing response.

*A~ response letterto the supplement was issued and woti d iced to be reviewed by thre company.

A. Abati pre'sented Clinical results of Phase I and II studies. Also presented some data fromi EUrope that
corrobhorated the U S results.

I [he IFDA noted to Cardima that in future progress reports adverse events should be noted as
minnor or major according to definitions provided by the F[)A, and as specified in the oriintal

C 0ON F I DE ENT I A L



In looking at tile results firom Phase I and II, M. Movuahani noted that she didn't realize that the
determiniation of tile follow-up effectiveness endpoint of ntmhber of episodes ielative to baseline
was lor tile "sixth month" as opposed to lor 'six m1oiltths". Cardinma noted this was what was
agreed to in the original IDE and rioted in supplements.

[I. Stubbs discuIssed two statistical issues re lative to the Phase Ill studv.

Slidinig ,Scale" for defining subeect success was discussed per last year's recommendation by bile
I' )A and provided by II Stubbs. A request fiom DI. Marinichak was made to adjust the
pcrcentagc rcductions required lor subject success to be at least 50%. For 3-4 episodes/month,
the inlininltim should remain at 75%.

* I able 12 "Confidence Lim its' in the IDE package was discussed and noted to provide acceplable
slatistical precision for tile Phase [Il study results.
I I lie sanple size of enrolled patients for Phase Ill would need to be adjusted for patient
iieligibiliry dure to insufficient iinumber of baseline episodes.

K. Vepa presented a description of the NavAblator and animal studv resuLlts.

I I)otLI!hlas presented ideas for employing a DSMB into the study.

* [lie F[A reiterated that a DSMB is a good idea, btl speelie nl Ioes were not discuIssed Need to
describe putrpose, details of procedure, imecetinugs. miinutes. tic. )SMB should Ibeus on safety.
but still ined ta statistician to plit safety data in perspective.

IFDA tollow-up DiscLIssion and Action Items.
* Need to still count all subjects that sign consent as enrolled. Company needs to aCCOLUt lfor those

that do not enr'oll. If necessary, request for in re sLi)hectls im order to meet treatment and fbolow-
tup) objective.

, Still coL inlt i ng all subjects treated with oft-label catheters as acute treatment tailurtes.
*'I lie Q()OL iniormation is still being- reviewed by the agency.
* lei-ardinng the NavAblator. and pencing more denailed review voflie test and study data. the FDA

agrieed that the catheter could be used in the study. A supplemeiit would ieed to be subiliitted.
No blanking period will be needed due to the st ticItieC oh the study and tile reporting o'
eleet veyeness results at tile sixth nl1oiith

*('ardima would like tile study to stand on its own merits based oii Phase Ill data. It will be
supported by Phase I and II data, and the European experience. sceondarily.

* Nced to chiange sample size discuss Iu in thle IDIF. along with other itenis fi-om past su pplIemeIIts
and subthit a revised study protocol.

* Will outline a procedture for DSMB meetings.

C 0 N F I I) E N T I A I.



Moyrnahan, Megan

From: Moynahan, Megan
Sent: Friday, June 23, 2000 4:47 PM
To: 'Jack Douglas'
Cc: Portnoy, Stuart; Provost, Miriam: Fleischer, Dina J.; Kamer, Gary L.
Subject: RE: G970280/S38

In our meeting on April 13, 2000, we raised a couple points regarding your pivotal (Phase Ill) study protocol,
They included:
· that the use of off-protocol catheters would render a patient a study failure;
· that you should use the sliding-scale to categorize patients as successes or failures; and
* that the definition of an enrolled patient includes anyone who signs the Informed Consent.

In my review of your supplement, I noted that you successfully implemented those changes in your Phase III
study protocol. HOWEVER, we also asked that you to apply those new "rules" to your existing data set
(Phases I and II), in order to begin to predict the success rate of your device, and to see the confidence
intervals around that number.

Therefore, I'd like to clarify the deficiency in the letter dated 6/8/00:

Please provide an estimate (and 95% confidence bounds) for your device's effectiveness by applying the
success definitions of your Phase Ill protocol to the data acquired in Phases I and II (combined). In
addition please specify the method (e.g., equations) that will be used to calculate the upper and lower
confidence bounds

I hope this has clarified my request. If you still feel like we need a conference call, let me know.

Megan

-Q. Originai Message -----
From: Jack Douglas [SMTP:jack douglas@cardima corn]
Sent: Tuesday, June 20 2000 6:40 PM
To: Megan Moynahan
Subject: re: G970280/S38

Hi Megan

We are unclear regarding a question in the June 8 conditional approval letter for the above study that
concerns a study hypothesis. Based on earlier meetings with the FDA, we changed to a method using
confidence intervals, and have eliminated a study hypothesis.

Perhaps we can discuss this with Gary Kramer before we send in a response? Could you suggest a time
we could call after 10am PDT?

Thanks,

Jack Douglas

?-/



~,-IARDIMAO Tuesday, July 18, 2000

Document Mail Center (HFZ-401)
Food and Drug Administration
Center for Devices and Radiological Health
Office of Device Evaluation
9200 Corporate Blvd.
Rockville, MD 20850

Attn: Megan Moynahan

Re: REVELATION TM Tx Microcatheter and NavAblatorTM System (G970280)
FDA Request for Additional Information; Request for Additional Sites; Procedural Change

Dear Ms. Moynahan,

We are writing in response to an FDA letter dated June 8, 2000, and e-mail correspondence dated
June 23, 2000, requesting additional information regarding the primary study effectiveness
endpoint using current Phase I and Phase 11 data.

Per a June 23 e-mail, we understand that the FDA is interested in an estimate of Phase Ill
effectiveness (with 95% CF) using the Phase Ill protocol definition of success (modified "sliding
scale"), and the following criteria:

* That the use of off-protocol catheters would render a subject a study failure;
• That you should use the sliding scale to categorize subjects as successes or failures; and
* That the definition of an enrolled patient includes anyone who signs the Informed Consent.

In both Phases I and It, however, most subjects were treated "off-label" with other products at
the cardiac isthmus, and an estimate of effectiveness is therefore not possible. Excluding the
first criterion for the moment, an estimate of success with exact CI for success using the
binomial distribution can be provided. Using the most current Phase I and Phase 11 sixth month
follow-up data, each subject was determined as either a success or failure (see accompanying
table). Using these data, an overall rate of success and 95% CI would be 63.6% with upper and
lower confidence limits of 45.1% and 79.6%, respectively. The success rate and CI for the Phase
II subjects alone is 72.0% with 95% lower and upper confidence limits of 50.6% and 87.9%,
respectively.

In addition, Cardima would like to request permission to expand to a total of twenty (20) sites.
Some sites which have enrolled very few subjects in Phase I or Phase 11 are most likely not going
to contribute more subjects, and may be asked to discontinue participation in the study.

Finally, Cardima is also providing notice of a procedural change to totally eliminate the use of
Holter monitoring. Their use to obtain a single day of data has limited value in the context of
this study versus the inconvenience and cost of their use. Primary endpoint AF episode data will
be continued to be evaluated using standard self-administered, heart card monitoring devices.

47266 Bemcia Nrcet P.0C Box 14172 Fruemrt, CA 94538-7330 Phone 510354.0300 Fax 510.657.4476 htrp://www.cardim, corn
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REVELATIONTM Tx Microcatheter System IDE G970280 Preliminary Progress Summary

Table 4
Procedural Pacing Threshold and Electrogram Amplitude

Pre- and Post-Ablation Phases I and II
n=20

Pacing Threshold* (mA) Electrogram Amplitude* (mV)

Number Number
of paired of pairedSubject it values mean pre mean post I% change values mean pre mean post % change

Phase I

           4 2.75 5.50 100 4 1.61 1.22 -24

         11 2.90 5.87 102 11 1.63 1.02 -37

         23 3.41 7.28 113 23 1.46 0.87 -40

         22 8.27 17.27 109 23 0.93 0.69 -26

         22 13.91 25.48 83 37 1.35 1.00 -26

         34 9.20 17.32 88 34 0.59 0.36 -39

         21 3.58 7.70 115 24 0.99 0.67 -32

         14 3.82 8.38 119 21 1.04 0.38 -63

         32 5.84 9.77 67 31 1.61 0.75 -53

         22 7.75 9.97 29 22 1.35 0.53 -61

Mean± 6.14± 1.15 11.4± 2.05' 92.5_±8.72 1.26_±0.11 0.75±0.09' -40.1 ± 4 55
SEII

Phase II

         24 5.3 13.6 157 24 0.97 0.50 -48%

         I1 3.7 8.2 124 11 0.85 0.31 -64%

         7 3.8 6.7 77 7 0.55 0.31 -44%

         13 4.7 7.4 57 13 0.34 0.20 -40%

         11 5.0 8.9 79 11 1.16 0.96 -17%

         13 5.5 18.4 237 13 1.19 0.34 -71%

         12 3.1 8.0 157 12 0.54 0.19 -65%

         13 4.4 9.2 109 13 0.85 0.45 -46%

         15 5.0 10.8 115 15 1.14 0.37 -68%

         I1 2.7 7.1 166 It 1.79 0.68 -62%

Mean _t 4.3I±0.3 9.8 1.2 128± 18 0.94_±0.14 0.43±0.08' 53_6

Totals for Phases I and I1

Me..nt 5.2_+5 0.6 10.7_1.2' 113_±11 1.1 ±_0.1 06±01' -46_4
SE-

* Mean of all electrode pairs for which pre- and post-ablation values were both available.
A Subject             Paired pacing thresholds and electrogram amplitudes are available for the septal line only.
t Paired                ost- vs. pre-ablation), p < 0.001.
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Thursday, March 02, 2000

IDE Document Mail Center (HFZ-401)
Center for Devices and Radiological Health
Food and Drug Administration
9200 Corporate Boulevard
Rockville, MD 20850
Attention: Jennifer L. Goode, ODE/DCRND/Pacing and EP Devices Group L

Re: REV ELATION m Tx Microcatheter System (G970280)
NavAblator Catheter

Dear Jennifer:

We are planning to submit an IDE supplement for a new catheter currently referred to as the NavAblator. The
NavAblator will be used in conjunction with the REVELATION Tx Microcatheter System used for treatment of atrial
fibrillation as outlined in the above IDE.

In this forthcoming IDE supplement, Cardima would like to preclude submission of additional biocompatibility data since
the device is fabricated with blood-contacting materials equivalent to those found in other Cardima devices previously
reviewed by the FDA. Specifically, the NavAblator is a hybrid, composed of materials originally used in the Cardima
PATHFINDER TM , NAVIPORT TM , and REVELATION TM Tx catheters.

Figure 1 shows a schematic of the device, including a cross section with materials identified. The distal section of the
NavAblator is composed of a polyurethane shaft and distal platinum/iridium (Pt/Ir) electrodes, using material identical to
other marketed Cardima products. The NavAblator is designed to deflect, which is accomplished using an internal wire
attached at the tip (see cross section). A small amount of Au/Sn solder is used to affix the wire at the tip via a 0.025"
window, also noted in the schematic.

Figure 2 shows a photo of the distal section of the device, showing the polyurethaie shaft, distal Pt/It ablation electrode
and three accompanying Pt/lr mapping electrodes, ,

Table I on the following page lists the materials used to construct the NavAblator. Each material is listed, along with the
component, material grade, chemical composition, vendor, and a reference to the relevant predicate device. As noted in
the table, ali blood-contacting materials are identical to those found in other Cardima products. Biocompatibility test data
have been previously submitted and accepted. There is also a large amount of field experience with the marketed
devices, which has not included reports of biocompatibility complications. Two non blood-contacting materials, a
cyanoacrylate glue and a tin solder, have been introduced which are very similar to products used previously. Since these
products do not make blood contact, and are very similar to previous products, further testing is not warranted.

Finally, in order to support a claim that additional biocompatibility testing is not needed, a Biocompatibility Certification
is also included per FDA request. For further information, I can be contacted at (510) 354-0166 or at
jack.douglas~cardima.com,
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December 17, 2002

Elias Mallis, Chief
Electrophysiology and Monitoring Devices Branch
Food and Drug Administration
Center for Devices and Radiological Health
IDE Document Mail Center (HFZ-401)
9200 Corporate Blvd.
Rockville, MD 20850

Re: IDE #G970280/S56 - REVELATIONTM Tx Microcatheter System - Expanded

Enrollment

Dear Mr. Mallis:

Cardima would like to amend the request submitted in supplement #S55 with a letter dated

December 6, 2002 for approval to expand the above-referenced investigation to additional

patients. Following our telephone conversation of December 13, 2002, Cardima is requesting

expanded enrollment in the referenced IDE study to permit enrollment of up to 230 patients

and treatment and follow up of 130 (an increase of 50) study subjects.

In addition, Cardima has amended the study protocol to require the use of only investigational

ablation catheters, including at the isthmus line. A full copy of the revised protocol is

enclosed with this letter.

If there are any questions regarding this supplement please contact me directly at 510-354-

0166 or by email at marianne.baldwin@cardima.com.

Cardima. Inc. considers the information described in this letter to be confidential commercial

information, and therefore exempt from public disclosure. Consequently, we request that this

supplement be treated as confidential in accordance with 21 CFR 20.61 b.

Best regards,

Marianne Baldwin
Vice President,
Regulatory, Clinical, Quality
Cardima, Inc.



Cardima® REVELATIONTM Tx Microcatheter System IDE G970280

3.10. Study Procedure

3.11,.1. Patient Preparation

1) If subject on Coumadin, discontinue three (3) days prior to the procedure. Heparin or
low molecular weight heparin may be administered one (1) day prior to the procedure
at the discretion of the investigator. At the time of the procedure the 1NR should be
<1.8.

2) Once the subject has been brought to the electrophysiology laboratory, attach the RF
generator ground patch securely to the subject's skin with a sufficient quantity of
conductive gel. Attach electrocardiogram monitoring equipment to the patient using
standard hospital procedure and prepare the patient in the usual fashion using sterile
technique.

3) Place an introducer sheath that will accommodate the outer diameter of the
CardimaTM Naviport 8F guide in the Femoral and/or Jugular Vein.

4) Place other introducer sheaths as deemed necessary by the investigator.
5) Obtain a baseline activated clotting time (ACT) value. Administer a bolus of

intravenous heparin and infuse heparin continuously throughout the procedure to
maintain an ACT of approximately 200 to 300 seconds. Take ACT measurements at
30 minute intervals until therapeutic levels are achieved. Thereafter, maintain
therapeutic levels per standard hospital procedure. Adjust heparin according to the
ACT values.

6) Place standard diagnostic EP catheters as necessary.

3.10.2. Pre-Procedure Diagnostic Assessment
Perform standard mapping procedures according to routine practice. Record Atrial-His
intervals.

3.10.3. Ablation Procedure
The lesions shall be formed using the REVELATION Tx (with the Naviport deflectable
guiding sheath) for the lateral and septal lines and for the formation of an isthmus line.

If achievement of bi-directional block at the isthmus with the Tx/Naviport combination is
not possible due to the isthmus anatomy, use the NavAblator to complete the isthmus line.
The NavAblator alone or the NavAblator with a commercially available flutter sheath may
be used to complete this lesion.

3.10.4. REVELATION T Tx System Setup (see Figure 1)

I) Connect the Cardima TM Switchbox to the CardimaTM Connecting Cable and the RF
generator per the Switchbox Instructions For Use.

2) Connect the guiding catheter.

Note: The Naviport Deflectable Tip Guiding Catheter will be made available to the
physicians as part of this investigation. The CardireaM Naviport guiding catheter is
available in 10 mm, 30 mm, 40 mm, 50 mm and 60 mm curve reach and is recommended
for placing the REVELATION TM Tx in all trajectories. The CardimarMNaviport guiding
catheter with a 10 mm curve reach is recommended for the isthmus trajectory. If the

Cardima, Inc. 19 CONFIDENTIAL ½



sIT~DEPARTMENT OF HEALTH &HUMAN SERVICES

P-bic H~I+ Senmcc Food and lDrg Adrotstratior

MEMORANDUM

DATE: December 5, 2001

FROM: Cindy Derman, Biomedical Engineer

TO: G970280/S047

RE: Cardimia, Inc.
RevelationTM Tlx Microcatheter System

CONTACT: Marianne Baldwin, Vice President, Regulatory, Clinical, Quality (510) 354-0166

HISTORY

The Reveilation'M Tx catheter is a temperature sensing radiofrequency ablation microcatheter with

multiple 6mmn electrodes providing an overall working electrode length of 62mm.

Intended use: cardiac electrophysiology procedures to map, pace and ablate cardiac tissue within the

tight atrium in those patients who have symptomatic paroxysmal atrial fibrillation.

REASON FOR SUBMISSION

The sponsor submitted an updated investigators list. In addition, this supplement included protocol

changes. Dr. Lesley Ewing provided a clinical consult (see attached memo) and her concerns are

below:

I. The sponsor wants to change femoral arteriovenous fistula to a minor adverse event, even if

hospitalization is required to repair the fistula (page 27 of the new protocol). Dr. Ewing

strongly disagrees with this. The definition that we currently use for adverse events

(from the regulation describing adverse events) would define this also as an adverse

event. To be consistent between the various IDE studies an AV fistula should be

considered an adverse event.

2. The sponsor xvants to change the definition of clinical success from "reduction of frequency of

symptomatic episodes of paroxysmal atrial fibrillation as compare to the frequency of

symptomatic episodes pre-procedure" to the same statement "with or without medication

therapy (on page 28 of the updated protocol)." In previous ablation procedures we have

regarded the patient who required medication after the procedure for treatment of

Simptoms caused by the targeted dysrhythmia as ablation failure.

On December 5, 2001, 1 called the sponsor (along with Dr. Ewing, Medical Officer, and Elias

Mallis, Acting Branch Chief for CEMB) to discuss the above concerns. The following action items

were agreed upon:

1. The sponsor should revise theft protocol to reflect AV fistula as a major adverse event (on

page 27) as stated in the regulation. The sponsor satisfies this deficiency by indicating the

following (on page 28 of their protocol):



"In the event that a patient requires significant intervention (e.g., blood transfusion,
surgery) in response to an adverse event it will be considered a major complication."

2. The sponsor should remove "with or without medication therapy (on page 28)"from their
protocol.

The concern with item #2 was that if there is a change in dosage (either an increase or
decrease), this is considered to be a "new" medication. Then the question should be raised,
"Flow do you determine if the device is a success or if it's the medication?" The sponsor would
have a dilemma rtying to separate the data, which could not be pooled. Therefore, it was
agreed that the sponsor remain with the original primary endpoint definition (Ion page 11), see
below:

1) To evaluate whether subjects with drug refactory symptomatic: paroxysmal AF treated with
RF ablation using the REVELATIONTM Tx, and optionally the NavABlatorTM, report an
absence or reduction in the frequency of spontaneous episodes of symptomatic AF during
the sixth month post procedure, while either maintained on the same anti-arrhythmic drug
regimen or a reduced dosage.

The sponsor submitted these revisions by fax (dated December 5, 2001) and will follow up with
a hard copy. In addition, the sponsor informed the FDA that they currently have enrolled 37
patients and plan to complete their study sometime in 2002.

RECOMMENDATION- Approval to Change in Protocol (AP)

Cindy D emiMS., Lead Reviewer Date
Cardiac Flectrophysiology & Monitoring Branch

Concur

Etlas Mallis, (Acting) Branch Chief Date
Cardiac Electrophysiology & Monitoring Branch

Page 2 of 2
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CARDIMAS

December 5, 2001

Elias Mallis, Acting Branch Chief

IDE Document Mail Center (HFZ-401)
Office of Device Evaluation
Center for Devices and Radiological Health

Cardiac Electrophysiology & Monitoring Devices Branch

Food and Drug Administration

9200 Corporate Blvd.
Rockville, MD 20850

Re:: IDE #G970280/S46 - Request for More Information

REVELATIONTM Tx Microcatheter System

Dear Ms. Mallis:

Pursuant to our telephone conversation today regarding the IDE Supplement identifiet

here as S46 (but referenced as S47 in our phone conversation), Cardima is submittin,

additional information to clarify the protocol modifications identified in that supplement.

Cardima's proposed modification to identify an AV fistula that required hospitalization a

a 'minor complication" has been changed to reflect this complication as a "majo

complication" if it requires hospitalization. It is understood that this classification of thi,

particular complication permits a standardized referral point when considerin

complications for EP catheterization procedures. This change has been made to page 27 c>

thle revised protocol, a copy of which is included with this letter. The list of major an

rrLinor complications has been changed to reflect the previously approved list of major an i

MriLnor complications.

Additionally, Cardima wishes to clarify that the stated clinical success criteria ft -

measurement was intended to reflect the "Primary Objectives" as stated on page 11 of th:

protocol. In that regard, page 28 of the protocol has been to reflect the originally approve [

language on page 11 "...while either maintained on the same ani-arrhythmic drag regime:l

or a reduced dosage." A copy of that page is included with this letter, as well.

47266,BectiaSmC Pp.O. Box 14172 Fremnt, CA 94538-7330 Phte"5O.354,0300 Fa.51i,657.447
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Cardirna will advise all clinical sites of these changes and will forward a copy of The full

protocol with the changes referenced herein to the Agency and to our clinical sites as well.

If you have any questions or comments concerning this report, please do not hesitate to call

me at (888) 354-0300 or direct at (510) 354-0166.

Sincerely,

Marianne Baldwin
Vice President, Regulatory, Clinical, Quality
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If the subject remains on Coumadin at subsequent follow up visits, the investigator will

obtain PT and INR values per institutional protocol

In addition to the follow-up visits, the subject will be contacted by telephone 24 months

following the ablation procedure to establish changes in the patient's status (i-e,, number

of episodes of AF, number of visits to the emergency room, number of days of

hospitalization, changes in medications. etc.) and to determine the incidence of any

adverse events.

3.11.4. Adverse Effects

Any and all complications/adverse effects that occur during the course of this study will

be recorded. Data to be collected will include the nature of the complication or adverse

effect, onset and resolution dates and time (or whether the complication is ongoing),

severity, management, outcome, and documentation of device involvement. Complications

will be tabulated as "major" or "minor" per the FDA definition (see Section 5). From

these data rates of major and minor complications will be determined. In addition, the

number of anticipated and unanticipated adverse effects that occur in the study population

will be tabulated and summarized. The incidence of all types of complications and

adverse effects will be reviewed during the course of the study for any indications that use

ot the investigational device confers any unanticipated significant risk.

3.11.5. Anticipated Adverse Effects

Possible adverse effects that may be anticipated in association with the investigationa.

devices and procedure are listed below by likely category of complication:

Major Adverse Effects (may be considered either device or procedure-related):

* Death
Myocardial infarction

, Stroke
* Valve or cardiac structure damage

Atrio-ventricular block possibly requiring a permanent pacemaker

* Sino-atrial block possibly requiring a permanent pacemaker

* Thromboemholism
* Pulmonary embolus
* Endocarditis
* Cardiac perforation and/or resulting hcmopericardium and/or tamponade

* Nerve damage

* Pneumothorax
Arrhythmias, possibly requiring drugs and/or DC cardioversion

* Phrenic nerve injury

Minor Adverse Effects (may be considered either device or procedure-related)

* Infection
* Bleeding
* Femoral arteriovenous fistula
* Femoral artery injury
· Pericardial effusion

Cardima, Inc. 
27 CONFIDENTIAl
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Other Complications (not considered device or procedure-related):

* Drug reactions

In the event that a patient requires significant intervention (e.g., blood transfusion,

surgery) in response to an adverse effect it will be considered a major complication.

3.11.6. Criteria for Measuring Effectiveness

3.1 P6.1. Method of Evaluation

The assessment of the effectiveness of the REVELATION TM Tx and the

NavAblatorTm in the treatment of AF will be based on the following

endpoints:

The procedural endpoint of this study is:

Electrograrm amplitudes post-ablation relative to pre-ablation

The primary clinical endpoints are:

I) Frequency of any spontaneous symptomatic episodes of AT experienced

by subjects
2) Incidence of adverse effects

Thte secondary clinical endpoint is:

Quality of life based on the SF-36 and symptoms and severity based on The

AFS S

procedural Success:
The procedural effectiveness of the REVELATION Tm Tx will be established

based on achieving the following outcome:

Demonstration of at least one of the following conditions at the line(s) ol

ablation during sinus rhythm: a) reduction in the amplitude, fragmentation or

widening of local electrogramns; b) appearance of split potentials; or, c)

increase in pacing threshold

Clinical (Patient) Success:
The clinical effectiveness of ablation with the REVELATJONTMA Tx will bc

established based on achieving the following outcome by the sixth-month ol

follow-up:

1) ReductiOn of frequency of symptomatic episodes of paroxysmal AP a

compared to the frequency of symptomatic episodes pre-procedure witi

or while either maintained on the same anti-arrhythrnic drug regimen or i

reduced dosage.

2) Improvement in the quality of life as measured by the SF-36 and htli

AESS

Caairctia. Inc. 28 CONF~IDENTIAL-



Cardima P020039 

Cardima Revelation Tx Microcatheter System and
NavAblator Ablation Catheter

P020039

William H. Maisel, MD, MPH
Chair, FDA Circulatory System Medical Devices Panel

Director, Arrhythmia Clinical Research
Brigham and Women’s Hospital 

Boston, MA



Cardima P020039 

• Panel Meeting Issues - May 2003

• Amendment 6 responses – January 2004

• A little perspective on the importance of AFIB

• Conclusions

Overview of Comments



Cardima P020039 

Minimal Additional Data in Amendment 6

Phase IIa – Feasibility 10 pts
Phase IIb – Expanded Feasibility 38 pts
Phase III – Pivotal 82 pts

Phase IIb and III submitted to support marketing application to 
Panel.  

P020039/A006
• Focuses on Phase 3 trial
• States that “An additional 36 pts are included”. That should be 
82 + 36 = 118 but the total number of pts is 98.  In reality, data 
from an additional 16 patients has been submitted.
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Circulatory System Device Advisory Panel Meeting – May 2003

• Lack of An Accurate Measurement of the Primary 
Effectiveness Endpoints

• Lack of a Consistently Defined Procedural Endpoint



Cardima P020039 

Lack of Accurate Measurement of Effectiveness Endpoint

• Primary Endpoint defined as:

“reduction in frequency of symptomatic episodes of 
AFIB during the 6th month of follow-up compared to 
baseline frequency”

• During the 6th month post-procedure time period, patients 
were supposed to transmit a recording:

1) When they were symptomatic 

2) Weekly whether or not they were symptomatic



Cardima P020039 

Lack of Accurate Measurement of Effectiveness Endpoint

• In panel submission - close to 2/3 of patients did not make the 
minimum number of transmissions

• In Amendment 6, the sponsor notes that 77.4% of patients 
provided 4 or more transmissions and 88.7% provided 3 or more 
transmissions during the 6th month of follow-up. 

BUT 

• The number of patients that were compliant with the 
actual protocol is not stated.
• It appears that the majority WERE NOT compliant with 
the required transmissions.
• This makes the datas interpretation with regard to 
EFFECTIVENESS impossible.
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Lack of consistently defined procedural endpoint

Procedural success was defined in the protocol as demonstration of at least 
one of the following: 

• reduction in the amplitude
• fragmentation or widening of the local electrogram
• appearance as split potentials 
• an increase in the pacing threshold.

• These procedural endpoints were not consistently measured or recorded on 
the data forms

• Endpoints poorly defined with regard to RF duration, temperature goals, 
amplitude reduction specifics

• Endpoints were poorly measured during clinical trial



Cardima P020039 

Lack of consistently defined procedural endpoint

AMENDMENT 6 - Page 82/293

• There should be 196 data points per RF electrode (98 patients x 2 lines -
posterolateral and septal).  The data presented shows 41-58 data points per 
electrode (i.e. over 2/3 of the data is missing).

• 78% of procedures had pre and post ablation paired electrode egm
amplitude measurements.  Therefore in 22% of the procedures, no acute 
amplitude change endpoints were measured AT ALL.

As discussed extensively at the Panel meeting, this clinical study had poorly 
defined endpoints that were not consistently measured.

The lack of a consistently defined endpoint remains a SIGNFICIANT 
ISSUE that is not adequately addressed by the resubmission



Cardima P020039 Feinberg WM, Arch Int Med 1995

Epidemiology of Atrial Fibrillation

Over 2 million Americans Have Atrial Fibrillation
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Conclusions

1. The device remains NOT APPROVABLE because of a 
lack of adequate data supporting EFFECTIVENESS and 
SAFETY

2. The data already submitted could still be used to support 
the SAFETY of the device

3. Additional data is needed re: EFFECTIVENESS

Cardima Revelation Tx Microcatheter System and 
NavAblator Ablation Catheter

P020039
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MEMORANDUM 
 
 
March 9, 2005 
 
 
To: Ms. Lisa Leveille 

DCD/ODE/CDRH/FDA 
 
 
From: William H. Maisel, MD, MPH 
 Chair, Circulatory System Medical Devices Panel 
 
 
Re:   P020039 
 Cardima Revelation Tx Microcatheter System and NavAblator Ablation Catheter 
 
------------------------------------------------------------------------------------------------------------  
 
Attached please find my comments regarding the above referenced submission. 
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Circulatory System Device Advisory Panel Meeting – May 2003 
 
The Panel met in May 2003 to consider the application.  A number of issues were 
highlighted in the discussion that ultimately resulted in a 7-0 unanimous decision of 
“NOT APPROVABLE”. 
 

1. Procedural methodology 
 
a. Creation of lesion sets 

i. The protocol did not define “standard” lesion set – 83% received 
posterolateral, posteral septal and isthmus set (90% received that 
set if you include those that had a prior isthmus ablation).   

 
b. Procedural endpoints 

i. Procedural success was defined in the protocol as demonstration of at 
least one of the following: reduction in the amplitude, fragmentation 
or widening of the local electrogram, appearance as split potentials or 
an increase in the pacing threshold. 

ii. These procedural endpoints were not consistently measured or 
recorded on the data forms 

iii. They were poorly defined with regard to RF duration, temperature 
goals, and amplitude reduction specifics and they were poorly 
measured during clinical trial.  

iv. No conclusion could be made regarding the acute procedural success.  
 
c. Use of multiple catheters in individual patients 

i. All linear RA non-isthmus lesions were made with the Revelation 
catheter.  Isthmus block frequently required multiple catheters.  
Only 70 of 108 pts achieved isthmus block with protocol catheters.  
Overall isthmus block rate 84%.  

 
2. Endpoint assessment - Primary effectiveness endpoint  

a. Defined as the reduction in symptomatic episodes of atrial fibrillation 
assessed six months post-procedure compared with the patient's baseline 
frequency. 

b. For subjects with greater than or equal to five episodes, they were required to 
have a 50 percent  reduction.  For subject with three to four episodes, they 
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were required to have a 75 percent reduction.  These reductions were to 
occur in patients taking the same or a reduced dose of medication 

c. How many reached primary effectiveness endpoint? 42 of 88 (42%) but this 
calls successful even those pts that did not make the required number of 
transmissions. 

d. Bias 
i. Pre-procedure 

1. Patients knew a certain number of episodes were required in 
order to be enrolled in study – although they did not know the 
precise number. 

ii. Post-procedure 
1. during the six month post-procedure time period, patients 

were supposed to transmit recording when they were 
symptomatic and transmit weekly recording whether or not 
they were symptomatic 

2. close to 2/3 of patients did not make the minimum number of 
transmissions 

3. EKGs and office visits were used to try to get f/u 
 

3. Safety  
a. 5/116 pts had a major complication within 1 week 
b. 3 pacemakers were implanted within 2 weeks 
c. 20 (23%) PM during the course of the study (9 following AV Node 

ablation) 
d. Initial anterior line dropped from the protocol – other lines “remote” from 

sinus node 
 
 
P020039/A006 
 
This Amendment contained additional information intended to support device approval.  
Intial device trials were as follows: 
 
Phase IIa – Feasibility 10 pts 
Phase IIb – Expanded Feasibility 38 pts 
Phase III – Pivotal 82 pts 
 
Phase IIb and III submitted to support marketing application to Panel.   
P020039/A006 

- Focuses on Phase 3 trial 
- States that “An additional 36 pts are included”. That should be 82 + 36 = 118 but 

they state that total number of pts is 98.  In reality, it appears that data from an 
additional 16 patients was included.  The remainder of the Amendment contains 
reanalysis of data and some additional data on the original study patients. 

- Addresses issues of: 
o Subject compliance 
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o Determination of whether episodes were discrete 
o Protocol adherence with regard to lesion set, and use of non-protocol 

catheters, changes to antiarrhythmia medication regimen’s 
 
 
REVELATION Tx  
98 patients 
93 pts with procedure related verified data 
88 reached 6 month endpoint 
84 form “effectiveness” cohort 
“NO LOST TO FOLLOW UP” 
 
Per sponsor: 
49/84 (58%) achieved target level decrease in “monthly symptomatic AF episodes” from 
baseline to 6 months 
 
47 pts (56%) has target level reduction in symptomatic AF episodes at 6 months not 
attributable to AV Node ablation, PM placement, or AAD changes “clinical success” 
 
Issues outlined in June 26, 2003 FDA Not Approvable letter and Addressed in 
Sponsor January 21, 2004 Amendment 6 response: 
 
Lack of accurate measurement of effectiveness endpoints 
 
Primary endpoint defined as “reduction in frequency of symptomatic episodes of AFIB 
during the 6th month of follow-up compared to baseline frequency” 
 
Lack of patient compliance 

1) during the six month post-procedure time period, patients were supposed to 
transmit recording when they were symptomatic and transmit weekly recording 
whether or not they were symptomatic 

2) In panel submission - close to 2/3 of patients did not make the minimum number 
of transmissions 

3) EKGs and office visits were used to try to get f/u 
 

The sponsor has resubmitted data on the 98 pts now comprising the Phase III group.  
They note that 71% of patients provided 4 or more transmissions and 82% provided 3 or 
more transmissions during the 6th month of follow-up.  Page 95/293: 9/84 (10.7%) 3 
transmissions during month 6, 65/84 (77.4%) 4 or more transmissions 

 
I was UNABLE to determine the number of patients that were compliant with the 
originally designed protocol 
 
Failure to clearly define a method to determine if symptomatic episodes reported by the 
pt represent discrete episodes of AFIB 
 



William Maisel, MD, MPH 
P020039 

 Cardima Revelation Tx Microcatheter System and NavAblator Ablation Catheter 
Page 104/203 
Sensitivity analysis not counting recurrent episodes within 24 hours of each other suggest 
that this “over-reporting” of a single AF episode as more than one episode did not 
significantly affect the results. 
 
Lack of consistently defined procedural endpoint 
  

1) procedural success was defined in the protocol as demonstration of at least one of 
the following: reduction in the amplitude, fragmentation or widening of the local 
electrogram, appearance as split potentials or an increase in the pacing threshold. 

 
2) these procedural endpoints were not consistently measured or recorded on the data 

forms 
 
3) poorly defined with regard to RF duration, temperature goals, amplitude reduction 

specifics and poorly measured during clinical trial re: how many patients actually 
reached these endpoints (that were not explicitly defined in the protocol) 

 
I agree with the sponsor’s statement in their letter dated 1/20/04 that “there is no 
universally accepted acute procedural endpoint in AF ablation”.  While that is true, that 
does not mean that a clinical study submitted to support device approval does not require 
well-defined acute procedural endpoints.  As discussed extensively at the Panel meeting, 
this clinical study had poorly defined endpoints that were not consistently measured.       
 
Page 82/293 
The sponsor states that 78% of procedures had pre and post ablation paired electrode egm 
amplitude measurements.  Therefore in 22% of the procedures, no acute amplitude change 
endpoints were measured.  There should be 196 data points per RF electrode (98 patients x 2 
lines - posterolateral and septal).  The data presented shows 41-58 data points per electrode 
(i.e. over 2/3 of the data is missing). 
 
The lack of a consistently defined endpoint remains a SIGNFICIANT ISSUE that is 
not adequately addressed by the resubmission.   
 
Lack of complete adherence to the investigational protocol by all investigators at all 
investigational sites with respect to: 1) performance of the same ablation procedure 
with the investigational device and 2) initial attempted use of the investigational device 
system catheter only. 
 
 
The protocol did not define “standard” lesion set – In Panel submitted data, 83% received 
posterolateral, posteral septal and isthmus set (90% received that set if you include those 
that had a prior isthmus ablation) - therefore it seems reasonable to group patients and 
consider outcome as a whole. 
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Sponsor claims (Page 5, 1/20/04 letter) “all subjects received target lesion sets 
recommended in the protocol”. Table 37 Page 89/293 seems to confirm this. 
 
Isthmus lesions placed with non-protocol catheters in 27/89. 
23/85 cases in which study catheters were used, bi-directional block could not be 
achieved with study catheter alone 
 
The clinical study results are potentially biased by changes to patient antiarrhythmic 
medications 
 
Panel PMA: 26 patients had AAD added or increased 
 
The resubmission notes that 3 subjects had dose increases in AAD and 12 subjects started 
a new AAD (this does not include patients who may have had rate controlling 
medications increased which could affect frequency of AF symptoms in and of itself).  
The sponsor submits a number of different analyses to “explain away” the AAD drug 
changes – in short, these pts should be counted as treatment failures. 
 
The clinical study did not contain careful characterization of the study population in 
terms of pre-existing comorbidities, such as sinus node function… 
 
While it would have been ideal to have additional demographic information collected for 
the study participants, there is adequate information to identify the intended pt population 
for the device/procedure. 
 
The lack of a control arm made the trial vulnerable to biases and artifacts 
 
I agree that a randomized controlled trial would make data interpretation easier.  
However, patients can serve as their own controls in a “before-after” study design.  This 
type of trial design, however, is subject to significant biases that MUST be minimized 
with rigorous trial design and conduct. 
 
Many biases can be eliminated or at least minimized with objective “hard” endpoints.  
Unfortunately, this study design had a “soft” endpoint i.e. patients were asked to make 
transmissions when they felt symptoms.  I do not agree with the sponsor that the subjects 
“cannot be subject to a placebo affect”.  This study design and endpoint determination is 
quite subject to a significant placebo affect.  In addition, the significant patient non-
compliance with their event monitoring complicates data interpretation. 
 
I agree with the sponsor that a randomized trial with a control arm is “not necessarily 
require(d)”. However, a before-after study trial must have a design less susceptible to 
bias. 
 
Comments RE: DCD’s proposed clinical trial 
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1. While a control group that undergoes a “sham” procedure is ideal in theory, there 

is great debate about the ethics of performing sham procedures.  Even if IRBs 
approved such a protocol (which I doubt), physicians would be hesitant to enroll 
their patients (and patients would be hesitant to enroll themselves) into such a 
trial. 

2. Alternative trial designs could be considered.  For example, a trial of afib patients 
randomized to ablation vs. medical management could be considered.  Such a trial 
design is subject to potential biases and therefore, the endpoints (both procedural 
and clinical) and the methodology must be explicitly defined AND FOLLOWED.  
“Harder” endpoints (such as occurrence of afib in 1 year) with explicitly defined 
monitoring protocols would need to be designed to minimize bias. 

 
   
CONCLUSIONS 
 
1. Based on the unresolved significant issues discussed above, the additional 

information submitted in Amendment 6 does not alter the “Not Approvable” 
conclusion reached at the Panel Meeting of May 2003. 

 
2. The data submitted can be utilized to support a portion of the marketing application.  

Specifically, the data on safety/complications could still be utilized.  It should be 
noted, that the sponsor would be advised to take note of the specific concerns re: the 
high rate of post-ablation pacemaker implantation and consider supplying additional 
data to clarify this important issue. 

 




