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I. 

Summat-! of Safct! and f<ffccti\~cness Data 

(;enct-al Information 

1 >c\ ICC (icnct-lC halllc: 

I>e\ ice ‘l‘radc Same: 

Premarket Approval Application (PMA) Number: PO40044 

Date of Panel Rccommendatioll: Nom 

Date of Notice of Appro\,al to Applicant: AUG I 7 2005 

II. Indications for Use 

The Matrix \‘SG”‘xl System is indicated for use to seal femoral arterial access sites while 
reducing times to hemostasis and ambulation in patients \vho have undergone diagnostic 
or interventional endovascular procedures utilizing a 5F. 6F, or 7F procedural sheath. 

III. Contraindications 

There are no I;no~~ n contraindications for the Matrix VSWhl S! stem. 

I\‘. Warnings and Precautions 

I‘hc Warnings and I’rccautions can be found in the Matrix VSGTh’ S\mm labeling. 

v. Ih~icc Description 

A. Materials and Configuration 



IS. Principles of Operation for the Matrix \WF” S!.stem: 

At the end of the cndo\~ascular procedure (diagnostic or inter\Jentional). the 
Ma&i\ VSG intravascular balloon catheter is inserted through the existing 
introducer sheath in the femoral artery to provide temporaqr hemostasis at the 
arteriotom>r site. Upon deployment. the balloon catheter temporarily seals the 
arteriotomy from inside the artery. The two synthetic polyethylene glycol (PEG) 
poivder precursors are reconstituted with the appropriate buffers provided in the 
pre-filled sqGgcs. The reconstituted liquid precursors are then drawn up into the 
precursor delivery syringes and injected through the introducer sheath at the 
artcriotomy site and into the subcutaneous tissue tract. The two precursor 
solutions crosslink at the arteriotomy site and Lvithin the tissue tract to form a 
llcsible and tissue-adherent sealant that provides local hemostasis. After deliver! 
of the precursors and subsequent formation of the hydrogel. the balloon catheter is 
deflated and removed along \vith the introducer sheath. The formed hi\,drogel \vill 
resorb completely \vithin 30 da!s. 

VI. Altcrnati\,e Practices and Procedures 

Alternati~ c practices for achimkg heniostasis of‘ the femoral artery puncture site post- 
catheterization include manual compression. mechanical compression. collagen-based 
hemostasis dc\+ccs. and percutaneous delivery of sutures to the femoral arter!’ access site. 
Pressure dressings and sandbags arc routinely used in combination with compression 
methods to control oozing. 

\‘II. Marketing Histonr 

\‘111. Potential rIdb~er~c Effects of tlic Ihicc on Health 

I‘hc Alatriz \‘SG”’ S\ stem. klodel IOO-C’M5. \\a5 C‘I aluated in a controlled. multi-cc‘ntcr. 
randomixd clinical trial designed to emluate the safer! and cft’cctiveness 01‘ the device 111 
scaling ktnoral arterial xccss sltcs \\ hen co~nparcci to cc~mpression. The stud!. \\as 
conducted 111 lhc \Jnitcd States at 13 institutions ln\~ol\ in2 500 patients randomized to 
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I he conibincd rate ol‘niinor complications was the secondal-!, saret\, endpoint. A niinol 
complication \\as dctined as pseudoaneur!sm or .A\’ fistula not requiring treatment. 
pscudoaneur\~s~n Lrcated \vith thrombin injection, hematoma > 6 cm. access site-related 
bleeding requiring > 30 minutes to re-achieve hemostasis. late access site-related bleeding. 
ipsilateral lov,.er cstremity arterial emboli, transient loss of ipsilateral lower extremity 
pulse. ipsilateral deep Irein thrombosis, transient access site-related nerve in.jury. access 
site-related vessel laceration, access site wound dehiscence. access site infection treated 
M,ith intramuscular or oral antibiotics, and access site inflammation treated with oral 
antibiotics. There m cre seventeen (17) reports of minor complications in the h/Iatri\: group 
compared to tl1.o (2) in the compression group. 

None oft-he complications were considered unanticipated events. The obser\xzd rates ot 
major and minor complications support the trial hypotheses that the combined rate of major 
complications and the combined rate of minor complications for the Matris arm are non- 
inferior to those ol‘thc compression group. There \vere no deaths during the stud>,. 

Potential complications of allergic reaction, foreign hod!. reaction. nerve ilijur!!. bleeding 
requiring transfusion. 1 essel laceration or wound dehiscence acre not obser\,ed during this 
stud!. 

IX. Summaq of I’reclinical Studies 

Bench and In-h-o Delke Characterization Testing 

A. Biocompatihilit~ 
l~ic~comI~fltihilit\ testing of the Matrix VSG t v S\ stem xxx conducted in _ 
accordance \\ ith FDA’s-modified matrix of- IS0 IO993- 1. “Hiological l’\xluatinn 
of kZed1ca1 1)~ ices. Part 1 Evaluation and l‘esting”. As seen in the Table 1 
bclo\\ _ all tcsling passed and results concluded that the Matrix VSG’ h1 S> stem is 
non-lo\ic. n~~li-sensitizing. non-irritant. non-mutll~eiiic. non-hemol! tic and non- 
p! rogrtnic 



Genoto\~c~t~. Mouse Bow 
M~I-I-O\\ Micronucleus Stud!, 
(ii7 I./l/W) 
Subcutaneous Implantation 
Stud>, 2. 1. and 6 Lveek. 

J /t7 1wo) -___ 
Hemolgis Study (Modified 
ASTM-Extraction Method) 
(l/7 1W1Yl) -___ 

Jyrozenicity - Catheter only ---L 

Non-gcnoto\~c 10 Cll~ncw I lamster 
Okar-\' cells in the presence 01 
absence of’s0 mctabollc acti\atlon 
No clastogenlc actI\ 1t1. negative III 

the niicronuclcu~ Non-genotoxic 10 
the lllo~lse 

Nonmtant. nwr~ than half absorbed 
at 2 weeks and completeI\ absorbed 
b!, 4 wcek~ -____ 
Non-hemol>,tlc 

Non-pyrocenlc 

PASS 

PASS 

PASS 

PASS 

PASS: 

FunctionaliQ 
A series of in-vilr-o tests were conducted to characterize the mechanical 
performance of the Matrix VSG lb1 System. Results from the mechanical tests 
demonstrated that the Matrix VSGTk’ c .3! stem met the acceptance criteria for each 
test. See ‘Tables 5 & 6 for the testing and results. 
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c. Animal Studies 

A series of acute and chronic animal studies were performed to characterize the 
safet), and effecti\mess of the Matrix VSG System. Ovine and porcine models 
mm-e used to e\‘aluate L ascular and physiologic responses to the Matrix VSG 
System. The peripheral and vasculaturc and cardiovascular system in these 
animal species are well suited and understood with respect to the study of 
intm.entional cardiology, devices. The a\railabilit>. of these species is adequate 
and the sizes of the major vascular structures such as femoral arteries are 
appropriate. The studies \\‘erc performed at two institutions. Se\reral 
characterization studies \\erc pcrf‘ormed. 

One chronic stud! \\;Is performed to characterize the dilution scnsiti\it! profile of 
the PEG polymer $1 hcrc post procedure angiograms indicated an absence of 
pol~mernzation of the PEG pol>mcr in flowing blood. There \\ere no reports of 
ail)’ ahnmnalities or xi\,ersc e\‘cnts. 
A secnnd stud!. \\as perli~rn~ed to measure the acti\,ated clottin tinlc (i\Cl‘) 01‘ 
porcine blood spil\cd \\ Ith ainitic and ester precursor solutions comp;ircd to 

control. ‘1 he purpose ol‘the stud! \\as to characterize the effect (if‘an\ ) that Mach 
of‘ the prcciirsor solutlr~ns has 011 tlic AC’T in these conditions. 130th amine anti 
ester precursor solutions nlct the acceptance criteria as there is no statistical 
difference between the test articles and control. Based on the results c)i‘this 

s 



btud\ the inad~wtent Introduction 01‘ the amine 01’ c‘htcr pwurwr soluti~~ns into 
il~j\\ ilig blood should not modilj, :\C‘ l‘s in a clInica wtting. 
.\ third .stud\ \\ils conducted to e\ aluate the inad\ Crtcnt intra\ axular iqiectic,n 01‘ 
the hlatri\ h\.drogcl into the tissue tract. I here \\c‘i-c no post procedural C\ ents 
\i hen the‘ nii\cd prc‘cursor solutions \\erc Inixtc‘d III the Iknioral artc‘rieb in h~,th 
acute ;ind chronic tinic‘frames. C‘reatininc ~hospliol,inasc (C’PK) 1~~~1s did not 
indicate an\ pcrniancnt tissue damage. 
,111 ncutc stud! \vas conducted to \xlidate the modilicatlons to the Matrix \‘S(; 
S\,stcm b!! c\Auating s&t), and efficacy parameters including ease of use factors 
I‘herc I\ as no e\pidcnce of intra or post procedural major e\wts and the time to 
hcmostacls met the acceptance crltcria. 

11. Cadaver Study 

The purpose of the cadaver study was to characterize the dispersal pattern of the 
Matrix VSG System h~~drogcl following injection into the tissue surrounding an 
arteriotomy. The results from this study indicated that larger amounts of h>drogel 
\\.ere elident immediatel~~ above the femoral arter! and the hj,drogel dissipated to 
smaller amounts as the sections progressed further proximally and distally,. The 
hydrogel appeared to be well-integrated into the existing anatom>~. 

E. Sterilization and Shelf Life 

The I’olJwer Kit and Catheter Kit are sterilized separately using electron beam 
irradiation. The system has been lralidated and appro\.ed for a 9 month shelf life 

x. Clinical Studies 

A. Matrix VSG System Single Center European Trial 
A total of 55 patients \vere enrolled in this study \\ith data available for 52 
patients and 3 patients were lost to follow-up. Fi\fe patients \+rere considered as 
roll-in patients. The objectives of this in\,estigation were to assess the safeti and 
performance of the Mat& VSG device to achie1.e hemostasis of femoral arferial 
access sites folio\\ ing diagnostic or inter\rentional endovascular procedures. The 
(distribution of patients undergoing diagnostic and interventional procedures \\wc 
pertbrmcd 58% and 42% respectively. Patients \\-ere e\,aluated at screening. 
during the procedure. post-procedure. pre-discharge and under\\ent a 30 da!, 
I~~llo\\ -up (range from 3 to 6 ~veeks). 



:\nothcr si\ (6) patients cspcrienced de\ ice-related minor c\ ents Including 
I’;ll”./discornlbrt (IIF?) and l’;lin!ciisc(:,mfi,I-t xiii C‘K elcwtion (11” 3). ‘I IIC C’K 
ele\ ations \\crc attributed to the de\ ice a\ no 0tiiCr cause could he Icleiitilieci 
l‘en ( ICI) patients also espcrlcnced pain!discomti,l-t or other minor ad\ws,e c\ ents 
that \\crc either considered as related to tllc endo\ ascular procedure or the 
relationship \ias undetermined. 

13. Matri\ VSG System Multi-Ccntrr European Trial 

iI prospccti\ t’ stud). \I as conducted at three in\x3tigational sites in I~urope to 
e~~aluate the performance and safety of the Matrix VSG System following 
diagnostic or interventional endovascular procedures. A total of. fifty-eight (58) 
patients were treated with the Matrix VSG T;M S\xtem, data was available for 57 , 
patients and 10 patients were part of roll-in phase of the stud!;. 
Patients were evaluated at screening. procedure. post-procedure, pre-discharge. 
and three to six-w:eek follo\v-up. 

The t\~ o nx!jor c\‘cnts included one case of peripheral arterial occlusion and one 
cast of pseudoaneurym requiring 1 ascular repair. 

c. Matrix VSG System U.S. IDE Multi-Center, Randomized Clinical Trial 

The Matrix VSG System IDE trial ii-as a prospectiile. multi-center, randomized 
clinical investigation to c~~aluatc the saf‘et! and effccti\reness of the hlatris VSG 
SJ stem. Model IOO-C’Ikl5. to ac1iim.c Iwniostasis in femoral arterial access sites in 
patients undzgoing percutaneous endo\ asculnr procedures using a 5. 6, or 71: 
shcatl~. Patients \vere random~c.ed hased on a 2: 1 ratio into a treatment group 
\\ hicli recei\ cd the Matrix VS(; S! hteni (~3.36) or a control group treated \\ itli 
stanclnrd comprc3sioii mctl1ods (Ii= 16-I). Patients \\ere further stratifid based on 
the TV pe oi‘catlleterization procedure so that each group included 50”G diagnostic 
and 501~0 inter\wtional proccdu~-c’s 

I~nrol1m~nt at Ii in\ chtigational hitcs \\as Initiated in Ikccmber 2003 and the 
iinal randoniizcd patient \\as enrc~llCd in .lul! 2001. The primal->’ safct\, endpoint 
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I’atienls \\c’rt‘ required to be at lcast I8 jcars ot‘agc. to lia\,c signed an Inf‘ornicd 
C’oiwnt Form. and to lia\,c undergone a cathett2rimtion procedure through the 
f~nioral arter!. Patients \\erc crcluded if the! prc’wnted mith clinicall!~ signiticant 
periphc’ral \ oscular disease: prior procedure in the ipsilateral con~mn immoral 
wtcn c 30 da\ s: km\\-n allerg\r to contra\t mediuin or device materials: a 
III! ocxdial intBrction :: 72 hours prior to procdurc. uncontrolled 111 pertension: 
existing bleeding disorder; ~om~~~on femoral artc‘r! diameter < 6.5 nm: pre- 
existing hematoma. intraluminal thrombus. pseudoaneur~sm. AV fistula. or an) 
t>pe of dissection; fibrotic. calcified, or -, 50% stenotic femoral artery puncture 
below or at the conmon femoral artery bifurcation. or in the profkda femoris or 
superiiclal femoral artery’; Ix-existing bleedin, c (7 wound the arterial sheath; 
ipsilateral \:enous sheath; multiple arterial sticks: suspected posterior femoral 
arterial \\.a11 puncture: antegrade puncture; ACT > 350 seconds at the conclusion 
of the endovascular procedure; current treatment \\ith glycoprotein IIb/IIIa 
inhibitors; or planned extended hospitalization. 

Demographics 
The nmjorit> of the patients \vere male [72.4% (362/500)] mith all patients’ ages 
ranging I’rom 28.4 to 87.8 years. Of the 500 patients enrolled, 50% were 
diagnostic patients and the remaining 50% were intmrentional patients. With 
respect to the baseline patient demographic data. patient risk factors. concomitant 
therap!.. and procedural variables. the tLl.0 stud!- groups are \xqr similar. There 
lvere no statisticall!. significant differences with respect to the variables included 
in the analysis of the tit.0 groups. The t\\o groups are both representati\~e of the 
patient population undergoing endovascular diagnostic or interventional 
procedures (Table 9). 
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SafcQ. Ilata 
In th~h ci inical stud). sat>L> ol‘thc klatril VSG S! stem \\as ewluntcd tlirc~u~li ;I 
comparison of \mious sakt\’ endpoints 1x3\\ em the Matrix VSG S! stc‘m 

(treatment) and the Standari C’nmpressim (control) groups. The combined rate 01‘ 

major complications was the primary safety endpoint. The combined rate ot 
minor complications was the secondary safety endpoint. Additional]>. other 
adlrerse me\xmts and effectii.eness measures were also evaluated during the h4atri.x 
VSG System clinical study. An independent Clinical Events Committee (CEC) 
ad-iudicated all reported complications. Table 1 displays the combined rate of 
major complications and the combined rate of minor complications comparing the 
Matrix treatment group to the control group. 

Overall the primary safety endpoint hypothesis for this study was tested b!- placing 
a one-sided 95% upper confidence bound on the observed difference in the 
combined rate of ma*jnr complications (Matrix VSG System rate minus the 
standard compression rate) using exact methods. An upper confidence bound ol 
less than 5.0% supported that the combined major complication rate for the 
Matrix VSG System was non-inferior to that of standard compression. In the 

Matrix VSG System IDE stud!,. the difference in rates between the klatrir VSG 
SJxtem group and the standard compression groups was 2.1% \+5th an upper 95” o 

contidence bound of 3.9% and therefore the Matrix VSG System treatment group 
\\as determined to be non-inferior to the standard compression control group. I‘<~I 
the combined minor complication rate, the difference in rates betiveen the t\\o 
stud\- groups was i.9’1b. The p-value for the difference in combined ma.ior 
complication rates between the t\vo stud! groups Lvas 0.10 \vhich indicates that the 
difference is not statisticall>, or clinicall!. significant. .J‘he p-\,alue for the 
dil‘ference in combined minor complication rates bct\\een the tmo stud! groups 

\\a5 0 O-1. \\liich indicates that the dif‘f‘ercncc is statisticall\. significant. I Io\\C\ c’r. 

this statisticall!. signitlcant dltt~rcnce is not clinicall!~ significant since. 
mdi\ idu;all>. there \vere no clinically significant dif‘f‘ercnces in the rates nl’nl~nc~~- 

complications. In conclusion, the results obstm.ed in the Matrix VS.3 System 1111; 
trial established that the n4atri\; VSG S\~tcm treatment group is non-inferior 10 tlic 
standard compression group 11 ith respect to the rate of’niajor complications IllC 
ijbser\ cd complication rates rc’poI.tcci in tlic stud\ \Zcre \\ ithin the c\pc‘ctc’d range 
.and the primal-~’ safet! endpoint III tlic stud! \\as met. 
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l‘ime to hemostasis and time to ambulation were the primary effectilwiess 
endpoints of the trial. Time to hemostasis was defined as the time from sheath 
remo\ al to \\hen hemostasis was first observed. Time to ambulation Mas defined 
as the time from sheath removal to the time a patient \valks at least 20 feet. The 
mean + standard de\riation (median) time to hemostasis was 5.3 i 13.4 minutes (2 
minutes) for the r\,latris VSG group compared to 25.4 i 16.3 minutes (30 minutes) 
for the compression group with p < 0.000 1 The mean i standard dc\,iation 
(median:l time to ambulation was 3.9 * 6.1 hours (2 hours) for the Matrix \‘SG 
group compared to 7.4 * 4.8 hours (6 hours) for the compression group \\ith p < 
0.000 1 These results support the study hypotheses that the Matrix VSG S>xtem 
reduced the time to hemostasis and ambulation \fhen compared to standard 
compression. 

Time to ,discharge and discharge eligibility were secondary effecti\reness 
endpoints of the trial. Time to discharge was defined as the time from sheath 
remo\ al to hospital discharge. Time to discharge eligibility was defined as the 
time from sheath removal to the time \vhen the patient is medicall!, able to be 
discharged based solcl!~ on the assessment of the access site, as determined 1~1 the 
patient‘s ph! slcian. The mean t- standard de\,iation (median) time to discharge 101 
tiic Llatrl\ \.S(i group \\as 19.6 3: 26.3 hours (1 8 1 hours) compared to 70 1 Y 
36.1 lic)urs ( 1 -I S h<~iirs) for the compression group \\ ith p = 0.87. I‘he mean = 
standard de\ 1a11on (median) time to discharge eligibility for the Matrix \‘S(; 
w~up \\a l-1.7 = 2 I .5 hours (5.6 hours) compared to 13.0 * 1 1 .S hours (7.3 i 
hours 1 1i1r the cc~mpression group Ivith p z 0.25 
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I’rocedur,: success RX delincd as succcssfull~~ achieving hemostasis using an! 
rnetl~od \f ith freedom fi-om ~najm- complicar~ons. De\ ice success was delined as 
the allili t!’ to deplo)! the Matris \‘S(; deli\ cr!. s!-stem. inject the h,Zatri\ VSG 
precursors. and achic\xz iicmostasis at the fkmoral arter! puncture site. ‘l‘ablc l-1 
includes a summary 01‘ procedure and de\ ice s~~ct’ss Ibr the t\\o stud! groups 
I‘hc procedure success rate nas 07.9% t‘or the hlatris VSC; group and 100% ~OI 

the cont~~ol group. demonstrating no statisticall! significant difTcrence bet\wcn the 
t\\o groups (p=O. 10). The de\,ice SLICC~SS rate for the Matrix VSG gl-o~~p \\.as 



Gender Bias Analysis 
A higher number of male patients were enrolled in the study (72.4%) male vs. 
(27.6O/0) female, \+hich is a reflection of. the general referral pattern for patients 
undergoing interventional and diagnostic procedures. There were no statisticall>, 
significant differences in the rates of major or minor complications between 
genders. There were no statistically significant differences in time to hemostasis. 
ambulation, discharge. or discharge eligibility between genders. 

XI. Conclusions Drawn from Studies 

Results of‘thc biocompatibility testing, in vitro bench testing, animal studies. cada\rel 
study and clinical investigations provide valid scientific evidence and reasonable 
assurance that the Matrix VSG System is safe and effecti\re when used in accordance \i,ith 
its Instructions for Use. The safety of the device has been demonstrated by the fact that 
the incidence of major complications in the randomized clinical investigation \\as 
equivalent for both treatment arms (Matrix VSG System compared to standard 
compression). The effectiveness of’the Matrix VSG System was demonstrated by a 
significant reduction in the times to hemostasis and ambulation in both diagnostic and 
interventional patients treated with the Matrix VSG System compared to those treated 
with standard compression. In addition, diagnostic patients treated with the Matrix VSG 
System had a significant reduction in time to discharge eligibilit\.. Thus. valid scientific 
evidence demonstrates that the Matrix VSG System is safe and effecti\-e for achie\~ement 
nl‘hemostasis al. the femoral access site post diagnostic and inter\.entional catheterization 
procedures pcrtbrmed via a 1. 6, or 7 Fr sheath when used in accordance \\ith de\lice 
labclin;;. 

XII. Panel Rccornniendation 
In accordance \\. it11 the pro\,isic>ns ~l‘section 5 15( c)(2) of‘ the act as amended b! 111~ Sa1.c 
Medical 110 IWS Act 01‘ 1 WO. this PMA \\‘as not referred to the Circulator! SJ stem 
DC\ ices Panel. ,.m FD:\ ad\~sor~ committee. for re\,ie\\- and recommcnd~~tion bccausc the 
inf;>rmation in the l)h’I.)Z substantially duplicates infbrn~ation pre\ iousl~ re\,ic\\ cd I.-I!, the 
pl’l. 
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XIII. CDRH Decision 
FDA performed an inspection of the manufacturing facilities on August 2 and 3,2005, 
and found the applicant in compliance with the Quality System Regulation (21 CFR Part 
820). FDA issued a PMA approval letter to AccessClosure, Inc. on August 17, 2005. 

XIV. Approval Specifications 
A. Instructions for Use: See the labeling. 
ES. Hazards to Health from Use of the Device: See Indications, Contraindications, 

Warnings, Precautions, and Adverse Events sections of the labeling. 
C. Post Approval Requirements and Restrictions: See approval order. 
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