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* This make

e So let’s close them !

Psychology of PFO closure

* [ understan ﬂ;ﬂqﬁiﬂ‘f S more
frequent inc ptogenic stroke
patients

explain this
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Mas, NEJM 2002







r"lf stroke/death rate on warfarin or aspirir
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Practice Parameter:

Quality Standards Committee of the
American Academy of Neurology

ent stroke
WJIy

Messe et al. Neurology,

Increases subsequent risk

April 2004



7th ACCP Conference on Antithrombotic

.~ and Thrombolytic Therapy:.

1

* “in patients\withicryptogenic S
‘ w FIEOrwerecommena ar
\
I

u‘

Y,

&

P

Albers et al. Chest, Sept. 2004



But PFO closure studies show such
a low rate of stroke after device
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NGO EQ
(IN=94

A0,
—’rIOJ

EO
(IN=4
T——
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8S arise as: a resuit or‘innerent piase.
8S In derinitions: ......

andzberg, Annrintvied 2005
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Thrombus in PFO
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Which PFO is responsible...?
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- Do we open whatever is closed and close
whatever is opened?

- Are we dictated by emotion or reason ?

Occipital
lobe

Cerebellum

The major brain structures associated with the limbic system
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WARSS Bleeding Risk (Mohr, NEJM 2001)

TaBLE 3. ApvERsE EvENTS ACCORDING T0O TREATMENT ASSIGNMENT. *

WarrarRN ASPIRIN Opps Rario
(N=1103}) (N=1103)

Death 47 (4.3) 53 i4.8)
Related to hemuorrhage 710.6) 5i104)
First hemorrhage I
Major (3.4) 0 (2.7 281 .10
Minor 2¢ (17.0) RINN R 87 <0.001

Rare Rato P
(95% CI) VaLues

no. of events
(ratef100 patient-yr)

All hemorrhagesq|
Major 44 (2.2) A0il.5)
Minor : (20.8) 259 (12.9)

*Maximal follow-up wa mths. Hemorrhages occurring on the day of the primary event
ideath or recurrent ischemic stroke) are included. CI denotes confidence interval.

11 values were calculated by the exact test of two independent proportions.

1The first hemorrh is the first or only hemorrhage for each patient.

&I values were calculated by the exact conditional binomial test for two independent Poisson

proc S5,

YAl hemorrhages include all hemorrhages in any patient.




r—"

— um\wmmuww'""

r) J/) © 5L 9 O 99 '“m
/ J 20)¢) =308 0.62-1.48)

N

(@)

N

(T
(0.60-2.37)

M I || 96% R ||||||
- .i M“L<J J: f)‘j> \\\ | J : 2J3 ||| |||
Al ——————— = ———— |




# Patients needed to show

- Superiority of closure

1

ME ‘“""X/THE'_’XP Y (Bogousslavsky, Mas, Homma
" M

|
m """:J/D 3.637% S/D/T
= “Mg?:_) O CLOSURE Ti;
.970 S/D, 3.0 "S/D/IE

S/D In Z year stuay.
9,445 In each group.
S/D/T In 2 year stuady

,%ﬁﬂ ﬁﬁﬂfgﬁﬂﬂy

-~ * 1,159 In eacn group

» S/D/T in 2 year study
* 802 in each group




Trial Issues
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- Trnial: Practical Problems

%F‘Eé_ésﬁé_éé 'S — Iow. event rate In
2 # of patients needed
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If closure is better and all cryptogenic
roke patients < 40 get a device

24,000 % 0.4:=97600

;\j 31=124,000
i "j Peroiiclyprogenicistrohe patients

er With Pr-0

00/x 0.:4'= 3,640,

Lompiication rate
- — 3,040 x 0.01 = 36

* Cost

— 3,840 cases x $10,000 = $38.4 million
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i - cryptogenic stroke patients <60 yec
Wi'p =
iﬂ(m FroO
/0 randomization,
Varfarin or aspirn
reaﬂ dage

44 years

rean follow-up

- Bogousslavsky, Neurology 1996




French PFO/ASA Study

ryptogenic stroke patients < S

2an age
'IIIWJ years
2an foliow=up;
2 JJ ffJJfJ"fL)

— Death/Stroke/TIA 4. 96 % (2 14-9 76%)

Mas, NEJM 2001
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PICSS:
Stroke Subtype

49, 7%
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““‘“O vS. PFO/ASA Event Rates
14.9%0 VS 19750 (P=0-65
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0.61-1.62 ‘H

PhJ ﬁw; SA [ 15.9% 1.08 0.49-2.38 |0.8:
(N=44)




Hazard ratios and two-year adverse event rates

in pa

lien

s aged 55t
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Hazard ratlos and two-year adverse event rates

r - (JSJ/J C/]) “““““““““
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16.7% 0,68 (o /04 J)

Stroke | 208 0,21 (0.02.1.76) 0,25
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Hazard ratlos and two-year adverse event rates
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*
P <0.05 vs Age <55
+ P=0.05vs Age 55- 64
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;Hyéeemﬁagulableﬁiaie;aﬂd

.9//0 ]n CHyPLOgEnIC Stroxe patients
mﬂ/ nfcontroifgroup
apavi, J Neurol 1996

;Sﬂfz(MiHEﬁMBQEﬂMHy—
— (Anticardiolipin Ab, Protein C abnormality)

(Chaturvedi, J Neurol Sci 1998)



# Enrolled

PARTICIPATING CENTERS AND ENROLLMENT

Institution

82
53
47
41
38
30
29
23
21
21

19
17
17
15
15
14
13
12
12
11
11

Columbia-Presbyterian Med. Ctr.
Long Island Jewish Med. Ctr.
Georgetown University
University of lllinois Med. Ctr.
Univ. of lowa Hospitals & Clinics

# Enrolled

Institution

G 0 0 0 ©

Indiana University Med. Ctr.
Wayne State University
Cleveland Clinic Florida
New York University-NY VA
Minneapolis

Johns Hopkins BayviewMed.Ctr. 6  Univ.of Southern California

i

3|

Buffalo General

Massachusetts Ge
Cleveland Clinic F J

u

Montefiore

it Einstein (PA) Medical Ctr.
on University Medical Ctr.
hfield Clinic

. of Michigan Med. Ctr.

U. of Texas Medi ﬁg@e@:%%ﬂ ﬁohealth Medical Ctr.

= =

alif. at San Diego Med. Ctr.

University of Miami'Sch. of Med.

Q4
)

Paul-Ramsey Medical Ctr.

Henry Ford Hospital

Stanford Stroke Center:
Lankenau Med. Research Ctr.
Mt. Sinai School of Medicine
Vanderbilt Medical Ctr.

Univ. of Kentucky Med. Center
Pennsylvania Hospital
Rochester General Hospital
New England Medical Ctr.

Yale U. School of Medicine
Syracuse VA Medical Ctr.
University of South Alabama
Beth Israel Hospital, Boston
Little Rock, AR VA Medical Ctr.
Maimonides Medical Ctr.
University of Vermont

U. of Tennessee at Memphis
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AULGPSYIISONSrEVAlerice

211 (Mayo Clin Proc, 1984

969 Autopsy specimens
overall, 21970
D=1591years 54.570

40'-'69 years 29.470
>90 years 20.27%0

DS 0I1 (Quart J Med, 1930




HUNT In CRYPTOGENIC and
RYPTOGENIC PATIENTS

P<0.01







RELATIONSHIP OF ATRIAL SEPTAL
ANEURYOSNM (ASA) with PFO

y prevalence off ASA =11.5% (6 *

PRESENT |ABSENT
(N=531)

ASA ASA “‘

M




ODUITCONIE: Patients with PFO
with/without ASA

PFOonly |PFO + ASA
ey

EVENT RATE | 14.5% .
ety s
—




DEMOGRAPHICS:

AGE
630 patients  59.7 + 12.2 yrs (30-85)
1 e—— |
59 i —

0-
<55 yrs 55-64 yrs 65-74 yrs 75 yrs or
older



DEMOGRAPHICS:




Iﬁﬁ%ﬁ%ﬁﬁﬁ

arin treated patients with PEC
250 (median.659)

N
w
+

rrn—J nterval between blood! dre '

.0 (J'IJJ

satients wi é out P. tnlll




EVENT RATES
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INR in PICSS

Warfarin Treated Patients

- |

arintreated patients w

.04 .04 (median™it69)

AN treated pz
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QUTCONME: Cryptogenic Patients with PO

WARFARIN VS. ASPIRIN (N=938

[—

RR: + PFO on warfarin = 0.52 : P=0.28




QUTCONIE (Including T1A):
SHYPLOgERICEatientSAwWItn o
WARFARIN VS. ASPIRIN (N=938)

RR: + PFO on warfarin =0.72 : P=0.48




Warfarin Aspirin RR (95%Cl) P- value
Entire PICSS
Cohort
With PFO 16.5 13.2% 1.29 (0.63- 0.49
(N=203) (N=97) [ (N=106) |2.64)
No PFO 13.4% 17.4%  |0.80 (0.49- | 0.40
(N=398) (N=19%5) N=203) 1.33)
Cryptogenic
Cohort
With PFO 9.5% 17.9% 0.52 (0.16- 0.28
(N=98) (N=42) (N=56) 1.67)
No PFO 8.3% 16.3% 0.50 (0.19- 0.16
(N=72) (N=80) 1.31)




SOCIODEMOGRAPHIC FACTORS

WARFARIN SPIRIN

— 2= dimil
Mean Ac 26114
Femal 49 (41%)

Race-Et

- v

 (57%)

30%)
11%)
& 3%)

Education 805 (74%) 796 (73%)
(<high school)




RISK FACTORS

WARFARIN ASPIRIN
N=1103 N=1103
Hypertension 746 (69%) 753 (69%)

338 (31%)
254 (23%)

Diabetes

Cardiac Disea

TIA/Stroke his ) 308 (29%)
Current smokers 306 (28%) 337 (31%)
ETOH >2 drinks/day 125 (11%) 116 (11%)

Physical Inactivity 472 (43%) 456 (41%)




QUALIFYING STROKE FEATURES

WARFARIN ASPIRIN
N=1103 N=1103
Duration
<24 hrs, mfamLonJ;IJMR:?AJg%) 66 ( 6%)

>24 hrs, infarc
>24 hrs, no

:

= \

|
L= ﬁ

Glasgow Score

Severe disability 78 ( 7%)

Moderate disability 327 (30%)

No or minimal disability 689 (63%)
Medication

On aspirin 282 (26%)

769 (70%)
268 (24%)

90 ( 8%)
319 (29%)
694 (63%)

290 (27%)




INE ASPIRIN
N =1103

7%)

7%)

0%)

3%)
Infarct of Confl.Mech. 36 ( 3%) 35 ( 3%)




arall aven'i rate 16. 9%
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Percent free of event

Kaplan-Meier Curves for Recurrent Ischemic Stroke or Death over 30 Days

100

99

Aspirin
98

Warfarin

Days after randomization



MAJOR HEMORRHAGE

el hemgﬂhagegaemgﬂ'haglc

cerebrallinfz N, Wdural
hematome racrar
hemoﬂﬂ 0 Ige, any o

requmng transfusmn
* 1.92% warfarin, 1.49% aspirin






Kaplan-Meier Curves for Earlier of Primary Endpoint or Major Hemorrhage

100f;

90

Percent free of event

- ... Aspirin

80 I~ Warfarin
70 1 1 l 1 1 l 1 l 1 1 l 1 1 l 1 1 l 1 1 l l 1 J
0 90 180 270 360 450 540 630 720
Days after randomization
Number at risk
Warfarin 1103 952 862
Aspirin 1103 971 881

Hazard rate ratio=1.15

95% CI1 0.95-1.39

two-sided p-value=0.16.



-~ Demographic Subgroups

warfarin vs. aspirin
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Basellne Stroke Subtype




Analysis Summary
Warfarin vs. Aspirin over 2 years,

N=2206
Primary
No difference in recurrent stroke or death
Major secondary.
No diffe W‘m + «M death, or
Subgroups J
No differ ‘or death by
i > Race/ethnicity
’> Gender
> Baseline stroke subtype
Overall

The result favors aspirin (11% benefit), but
difference not statistically significant



STUDIES ASSOCIAED WITH

WARS:?

ML |tlllll ’w.'ﬁ S

i ~Olin Cryptogeni
%A “ SO

» Warfarin effect based on initial F1.2
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DEMOGRAPHICS:

RACE-ETHNICITY
1% 0%~ 2% |
y»-
[ AmiIndian
] Asian
1 Black
B White
[0 Hispanic
B Other

46%






Relationship between PFO Size and Number of Microbubbles
(Homma, Stroke 1994)
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ontrast injection
xtremity/
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Jfﬁﬁlzeandﬂraanmaglng

dniage 64:4 +HHLdyearns

woman; 47-man

SUBLYypIng according tc

, -
\therosclerotic 0 (2 1/c
S A

tients with first ischemic stroke







WARRS 2

* Eligible: Ischemic Stroke (Not-
cardloewbghggélm@epegme
,7 ) 1 (/7 1 1 1 |

Atheros or 30 days
* 30 — 85 ‘

« Sample size: 30% risk reduction
(n=2,206)

* Secondary Endpoints: TIA, Mi
* Adverse Experience: Hemorrhage

—=0c




PFO Determination

I Biplané.t '
transe§ 'Cho!
—Saline contra: o)
—With/without Valsalva
* Quality assurance measures

* Central analysis

diography




PICSS
ENROLLMENT

TH S TUDIES

AVAILABLE L [=027




ASA and Stroke

sm (ASA) is
ptogenic
IS

association Is not clear
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QUTCOME: All Patients with PFO
WARFARIN VS. ASPIRIN ( 209)

P=0.49, RR with PFO on warfarin = 1.29




1070 (3/29) With PEO related stroke

5 A' g~ , / - ) o
= Gautier; GEIENIOVasc

070 (1/13) cryptogenic stroke patients \

- [xanoux, Stroke ‘93
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TCD with Contrast Injection
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r Diagnostic Niestsior Fi=ONIetection

M ‘

20% (42/207) 35% (151/430) 41% (126/304)



Treatment Blinding 2

* Real or fabricated INR reported to

—Fabricg 1 Used computer 3 W jram which
~enint chano a%ses made at

took into accol
previo

 Emergency calls made for
dangerously high INRs, both for real
and fabricated one

* All clinical centers blinded




INR

* 49,000 llNRssenI@mcessed at a

single 'f oratory Jw
i

u A

* Meaniinterval between blood
draws, . ﬁays

* Mlean daily INR 2.07 (median 1.93)

* No difference in INR amongst
different stroke subtypes




Mean INR value

Mean INR Value by Day of On-therapy Followup for Warfarin Patients

D B e L L R e
2.6
2.4
2.2
2.0
1.8 7

1.6 7

1.4_ ..............................................................................................................................

1.2 7

1.0 | | | | | | | | | | | | J
0 60 120 180 240 300 360 420 480 540 600 660 720 780

Days after randomization



Auditing / Monitoring

* Audits for endpoints at' each center

by DMC’JWTJ
- NIH malJ ? berforma M% and

Safety oard (PSMB)

met every 6-12 months

* Outside auditing process of conduct
at Columbia by independent firm
reporting to NIH directly




TE Quality Assurance

. Test TE studi V} center
sent t#ﬁw solumniaiorcert ication
* Central readi * =

* Interpretation by a single
cardiologist blinded to all end-
points
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Quartery in-person visits
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Steiner, Stroke 1998







VG Interruption

sentiela fiter: = simnir aiameter: fhfoffm

pass

(Dalman; 1989,
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PICoS:

FIndings

with

Homma, Circulation 2002



rPlICSS:
ririclirg)s

SSociated witnriarge
=_e_——————

Homma, JACC in press



PICSS:
Enrollment

* Cryptoge 1%1r£k9$ailenis£n rolled in
WARSS solicitec : TE

- TE studies of WARSS patients
undergo:ﬁbg—l’lﬁ‘or—trnnﬁlpurposes
* All stroke subtyped using defined criteria

* All TE studies sent to Columbia for
centralized analysis




Treatment Blinding 1

* All patlents recelved warfann and
placebo aspi
placebo

* All patlé
reqular intervals

* All blood samples were centrally
analyzed and results reported to
Columbia (Data Management Center)




P=0.56




Future Direction

Iculty in trial_ aesign,
patients —low: eventiratein yourng.

geé # ol patentsineeaed.
‘eference.

Difficuity ranaomizing.

ylaceno erfect







PICSS:

PFO Prevalence
203/601 (34%)

[1 Present
B Absent




SUIgICaINGIOSUTE

evuyst (Nerurology:1996)
30 patients withr2:years I=/U'=INorrecurrence

earani' (JACC 1996 abst)
24 patients with 2.9 yrs F/U - 1 recurrenc

-~ [0 92 cases -7 recurrences with variable F/U




‘“““ [ r

m““ arital status
J

Sedentary: life-style

Diabetes

- — Galsgow Score

-~ — Alcohol consumption

* P=0.36 (RR =1.24, 95% CI = 0.79-1.95)



WARRS

(Warfarin Aspirin Recurrent Stroke Study)

* Double-blind, randomized, multicenter
trial (48 centers inthe U.S.)

* Warfarin W N P
day) e

J’ (325 mgqg/

* Primary Endpoint: Recurrent Ischemic
Stroke or Death

* Recruitment from 06/1993 — 06/2000

Mohr JP, N Engl J Med 2001



LEFT ATRIUM

RIGHT ATRIUM

[




PrF0O Characteris

pster (Lancet 1988

Onl il crypltogenic Stroke patients nad. larc

dges (Circulation 1992)

an_C

During transcatiieter closure; thersize ol PO was
Significantly larger than reporied at autops)

c ’JffJO (Am J Cardiol" 1993, E’J
~ contrast into left a 7 Dal

* Homma (Stroke 1994)

- On IE, larger PFO with more shunt in cryptogenic stroke p:

i

e

nts



PICSS:
ASA Prevalence

11.5%
%@MQMﬂ 1.5%




FICSS7
Ouicorz Y PrO Si4a/Srti
=liriar o Y zarizrin or As0lrin

2

P=0.41, RR with small PFO =1.23
P=0.16, RR with large PFO = 0.59




N

M, DI fullio VIR, Homma S. lre azm
ant Eoramen Ovale and Stroke: to QJ, ‘
to Close; Ihat s Not Yet the Questic

Curepean Neurelogy 1997551:205-6.




RECURRENCE PREVENTIC

celusion 7

|
S Il ( ij Al Gleslre: %

—Other antiplatelet agent
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PEO, PEO

(Cryplo) (Control)

2070

21% (35/165) 16% (86/530)



- Medical Therapy: Meta-Analysis

e e

‘//ezm age, -'!5 years

Viean F/U; 34 niontNs

i nual' Event Ixate (95% Cl)
Stroke/Death 3.12 % 2.32-4.11,

-~ Homma, Acta Med Croat 2003




PFO on TE
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Patient Selection

)0 Strokes
L [ \ JI‘J -—l_f_]jf,—- ;)/J JJJ

stroke on a yearly basis

those with PFO potentially end up w



Jfgﬂenisjneededioshow

il o1 ¢ CHVE FIGURE WITH VIEDICA
S/D, 4.66706 S/D/T
il o ‘ “| RED 10 CLOSURE THERAPY

076 l«"m“‘/_f), 4,070 S/D/E

rS/Din 2 year sfuc/ y
- For SIUIT

aCil drou

— 1.0% S/D, ﬁﬁ%iﬁ?ﬁfr

-~ » For S/D in 2 year study

* 339 in each group

» For S/D/T in 2 year study
* 313 in each group
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PICSS
(PFO in Cryptogenic Stroke Study)

! ComparﬁdiheJam5£fJ£wrf£nt stroke

or deafH |f 'to that in
patlent H | medical
therap rin)

I Compé editheqevenﬁratesﬁn arfarin
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Efficacy of Warfarin vs. Aspirin

PICSS:

WARFARIN | ASPIRIN | RR (95%CI) | P- value
ENTIRE| /@SS
COHORT : =1
With PFO 9.32% L 7.A7%; .P@ 0.84
=200 NS OEIOR 0 5.2 00
No PFO | 7.59% 19.57% | 0:80 0.40
CRYPTOGENIC
COHORT
With PEO 5.13% 10.20% 0.52 0.28
(N=98) (N=42) (N=56) (016-1 67)
No PFO 4.39% 9.06% 0.50 0.16
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