OPEN STRUCTURE SI ZI NG DEVI CE BACKGROUND OF THE INVENTION | . Field of the
I nvention The present invention relates to the sizing and i nagi ng of

car di ovaswol2ade/defect s generally and, nore particul arlypctraspsos@ocisng
images or fornms that mmc the size and shape of defects and all ow accurate
sizing of inplant devices. The defects,treated are typically, but not
limted to, openings or breaches in at'h al or ventricular cardiac septum
wal I s, so that renedial inplan i f e ct size and shape can
be adm nistered to occl ud@lﬁ:ﬁegagﬁ%‘t@s #&&k?negﬁﬁgn specifically rel ates
to a type of device and nesAcKGRGUNDh OFSEBE aINVEMNEEGH NENSi Onal open wire

i magi ng structure which is flexi_big, ﬁat%dto position, does not occl ude

bl ood flow or conpronise a¥pat Feft®LhemSayRIRPES®End whi ch may be expanded
to detail the geonRetpyesinta idefe@ttohetdipieasy etle kizilglaied Art Over the
years, .t echnol ogﬁ hag dev(g.l oped ZUCh t%att many pr (_JLciedgr s can be

acconp? i shed™G9FRY Vst &0 G Hérar 3557 C Guidtawtra Ty 8P End" 4t her t han

i nvasi ve sumgetycuThrsyi nod ydesluchegi hpdead atd doros Hbet cesniandhal so t he
use of devi easel BhhOdHESd O cleAuidenhd es fr iscaver Logs andSizi ng
various types of defects and {hereafter tor introduc ng devices to treat

t he def ect s imPdanEedevhesddudde Bpisaeh teaatfdqaes tHELTRELSt &ts to

support vessgl Wahksc@ndo ocsididelys bo wesddide def eets,0ro£l ose abnor nal
openings within the bodggil Addi ti onal I%%eral | oon_cat heters have been used

for sil%ing YEPLRACULAE SHEHET FBEEMUERI D TheNFropePe€ize is later
depl oyed. implant devices of the correct size and shape can be
administered to occlude the defects. The invention

specifically relates teo a type of device and method which
uses a three-dimensional open wire imaging structure

15 which is flexible, easy to position, does not occlude
blood flow or compromise a patient's hemodynamics and
which may be expanded to detail the geometry of a defect
being measured.

II. Related Art

20 Over the years, technology has developed such that
many procedures can be accomplished using vascular
catheters or guidewire systems rather than invasive
surgery. This includes the implantation of devices and
also the use of devices introduced over guidewires for

25 discovering and sizing various types of defects and
thereafter for introducing devices to treat the defects.
Devices introduced by such techniques include stents to
support vessel walls and occluders to occlude defects or
close abnormal openings within the body. Additionally,

30 balloon catheters have been used for sizing so that the
standard occluder of the proper size is later deployed.

Memoried balloon-type devices are shown in U.S.

Patents 6,203,508 and 6,432,062 issued to Ren et al. 1In

these references, the imaging balloon can be inflated to



Menori ed bal | oon-type devices are shown in U. S. Patents 6,203,508 and
6,432,062 issued to Ren et al. In these references, the imaging balloon can
be infl atwd 2v@iorepe the | esion of interest and the bal | eomushexeafser

defl ated and withdrawn fromthe body. Upon re-inflation, the ball oon
resunes the nenoried shape thereby prqyldlng a three- dlnen5|onal i mge of
the geonetry of the body IeS|on bei ng neasured. A further imaging ball oon

patent to Adans ent_.5, 316 an i magi ng
bal | oon cat et er dhléﬁSlPPug r esegﬁbgﬁﬁrggég?%%ﬁ%%{ %%%gékglaneter or

"wai st ed" ade8lated mend milthtledwi nbggmgheablbdun. Unen | ke tialfiledasnhave been
used Succesnﬁflgl.{;]amb&fq %eéhaesdgﬁs%énoﬁl@%r enahbe assaniptadduanbacks. For

exanpl e, when t oon Is inflated, it creates a tenporary blockage that
interferes i ERTESRIMERSAPRAM LNPE? VT FBScEeBReERE oF ridiA &O6¥y system

ga:c :c oczsnI devﬂ@ﬁ§ox@-'k§&u§§' the@Ei-edsl Ippmmh@&d mag@n@am fauingatenbe quite
ifficult to n po |t|on in_nme Qp ngs ring the sizing

procedur e. ﬁ%%h%F% e dPf FlCB?TnQb rgﬁkth% $%3e & gﬁda?hus t he
radi al forcemegEm¢ehhﬂipomheababtennwhmch Ulﬂastn&ta$em adritofalcamebead to
under si zi ng 1 . OYELS] 21,09 615 <8N WLLe: | 0oR, Stghures are al so

known, for exanp ocarg Tectrica mappi ng 1 n heart chanbers.
One such devineging balh%mrated and descrlbed in US. Patent 6,014,579 to

Porergnz et al . ylheseatidekUnese ab&eeavd ¥uekbest roded and difficult to
maneuver and control . Despite previous progress, there remains a definite

need in theSéFﬁngoﬁ?ﬁQﬁﬁﬁdet§ﬁr3céﬁ?aﬂ%§QQﬁ%§PﬁlH@aBPa%$%1nd“HEV|ce f or
correctly di-agnpsé naviiaf atleSpbN1bBe is inflated, it creates a

temporary blockage that interferes with the hemodynamic
performance of the circulatory system. Balloon devices

15 also are quite slippery and have been found to be quite
difficult to keep in position in membrane openings during
the sizing procedure. It may also be difficult to
control the pressure and thus the radial force exerted by
the balloon as it is inflated which can lead to

20 undersizing or oversizing of defects.

Open wire loop structures are also known, for
example, for endocardial electrical mapping in heart
chambers. One such device is illustrated and described
in U.S. Patent 6,014,579 to Pomeranz et al. These

25 structures are heavily electroded and difficult to
maneuver and control.

Despite previous progress, there remains a definite
need in the art to provide an accurate imagining or
sizing device for correctly diagnosing defects in the

30 cardiovascular system which enables accurate, repeatable
measurements for prostheses yet does not occlude blood
flow during the imaging procedure or cause uncontrolled

distortion of the structure being measured.



cardi ovascul ar system whi ch enabl es accurate, repeatable neasurenments for
prost heses yet does not occlude blood flow during the inmaging procedure or
cause unowoteld7erts4di stortion of the structure bei ng neasunsdooSlodMARY OF
THE | NVENTI ON By neans of the present invention there is provided a variety
of open wire sizing structures incl udi_y_g Wi re nesh structures that can be
used to determine the size and shape ot a defect or abnormal opening in an

accurate manner. The open V\gﬁ&z_ﬁ{{ e E@{)‘,&?P%Obﬁl | ows bl ood to flow past

the device at a virtually normal rate as i el ng used to i mage and size
a defect. The i nagimgpnst plcthe esrasentddsivgnedoh otereald gpoedded a | ow

file | - - | ' h th
profile in an glo toat gggﬁpmg éfﬂdlgtag%xu%grgg ity Auced;through the

cardi ovascular circul system an vanced to the vicinity of the
def ect. Themdeli eesugiayrebetbel fcquikdsgchtrodateimvrverthe §dF8ewi re and/ or

through a cghhetgipd Wen werbbe Sit&ofrrddie ogehiess  idhe epenrwkee sizing
structures may be either of an operator actuated t%/ﬁgo or qf

sel f - expandPAG By pe. Theh OPRE WhER DFTHPSIEt 6PR5EP A "%'i/?tlé’ﬁgl, t8n actuati ng

menber, pr eff@bagba{sa@ wier @egﬁbapﬁl*ielciatﬁﬂﬂiﬁldiyﬁhakm@_'orfehlm’l a@:j ithesi magij ng

structure, e di aced axially.toward t proximal_end to expand or

depl oy the g%éﬂg\/\ﬁ’égﬁ?adfﬁges??ﬁc%/{ﬁeeatéjde%zggme?%? e Fspects of a

def ect sougbtrtiothees epal dedigndddisplaced lepaaddto he hvstradofénd t o

col l apse th nsgéugi&gg%t elsgégépggd{&gc dcer%g,cﬁﬁyagg ~Jg@terials that
and can be h r i

are nenorie eat set to rene a desired shape such as an
oval or "balthgenvhsthpeardinsesaihts orrafileéerdr evase® a! col | apse t he

devi ces untizyvAgpbeyes dHa shitindnd dheceoldeapsed stiad eid«sided astabl i shed
when a device is_w thdrawn and renoved. , ,

be self-guided, introduced over a guidewire and/or

through a catheter lumen to the site of the defect.

15 The open wire sizing structures may be either of an
operator actuated type or of a self-expanding type. 1In
the case of operator actuated systems, an actuating
member, preferably a wire attached to the distal portion
of the imaging structure, may be displaced axially toward

20 the proximal end to expand or deploy the open wire
imaging structure to measure or size aspects of a defect
sought to be repaired and displaced toward the distal end
to collapse the structure. Self-expanding devices are
made of materials that are memoried and can be heat set

25 to remember a desired shape such as an oval or "balloon"
shape. Constraints or wires are used to collapse the
devices until deployed in situ and the collapsed state is
re-established when a device is withdrawn and removed.
When the device is released, it expands until it meets

30 resistance such as from the edges of a defect being
measured.

The open wire imaging structure itself may be any of
several types of metallic structures including a braided

or similar open woven wire mesh structure, a generally



When the device is released, it expands until it meets resistance such as
fromthe edges of a defect being neasured. The open wire inmagi ng structure
itsel f mayohkeosny22ef several types of nmetallic structur esTiuseéosdongs a

brai ded or simlar open woven wire nmesh structure, a generallyoval braided
open wire mesh structure having a defiped narrowed central "waist”, a
plurality of radially distributed individual wre nmenbers connected between

adj ustably s d proxi mal _and_di st al v nmple wire
| oop str uctﬁ‘?%feqﬁée)l%é Gt ng-or "Oper ggg}%ﬁgﬁm@n‘%&?‘fﬂl{% %pﬁgsfgﬂ?{i is generally
attached t onéheowkdtantend bfaisie' operluirpdisyreftiadiaddyt hat novenent of

the act uat i ag. MEIbErCd AhalbYE,d 0 i APRAKIRE! oML Getqabliet er, or the
(o] 0)

| i ke, expands an apses the open wre structure. The imagi ng structure
m ght al so BeJas i hsPacPRcPERY e Coifs OlgEredeRs SR SFenBFi 88 Pol yrer

mat erisal s0za§ihe1 &NAUeL 180p et brithir-d.he Thhapetvitihe @xpasdedifgr m af t er

havi ng been col | apsed and renoyved from.the tient and.there caused to
resune the BFPREENG-SEESESBE the TETRY ﬁegéﬁg?%a%o 3 gﬁs%% i nventi on,

however, thendi aensionpenf wihe exparded siozichgtshowstanrtesfaktbepr ef erably

measured in_situ using fluyor . evi [ cqardange w th the
i nventi on, Slrcu%%iﬁ%lngimﬁ%yr%zg%%%i%e% &eﬁﬁoka?ﬁgrgghor c%ﬁét ruct ed of
mat eri al whicehhenabl exr ithet dibe, vxpdsids andecollap?es ddisy c#ari ng t he

procegyre . A COTPANLQIL M r@hQriﬁgﬁfﬁh(EErE@%uggvﬁffhﬂxﬁlé%eb@rQVided with
mar ker bands or di mensi onal scales in aeg% fpattern o enhance fl uoroscopic
visibility BRE-BFRehsiORRViGEcEPRTY UASSh TPRed dBANRE 9 OIS t hout
mar kers, mayaberimdesyiss Bbeetades 4 | piiascepy thassith of the
expanded form after having been collapsed and removed
from the patient and thereby caused to resume the size
15 and shape of the defect.
In accordance with the invention, however, the
dimensions of the expanded sizing structures are
preferably measured in situ using fluoroscopy. A device
in accordance with the invention, for example, may be
20 provided with markers or constructed of material which
enables it to be visible under fluoroscopy during the
procedure. A companion wire or parts of the device can
be provided with marker bands or dimensiocnal scales in
any pattern to enhance fluoroscopic visibility and
25 dimensional accuracy. Also, the device itself, without
markers, may be made visible under fluoroscopy based on
the diameter and density of wires making up the
structure. In addition, other imaging techniques such as
ultrasound may be used with the device.
30 The sizing structures of the invention are
particularly useful in penetrating a defect in the form
of an abnormal opening or breach in a membrane. The
devices are expanded straddling the defect and form a

waist that defines the shape and size of the opening so



the dianeter and density of wires making up the structure. In addition,
ot her i magi ng techni ques such as ultrasound may be used with the device.
The si zi ngovesaztames of the invention are particul arlypasafsesosionodss
penetrating a defect in the formof an abnormal opening or breach in a
nmenbrane. The devices are expanded straddling the defect and forma wai st
t hat defi nes t he shape and size of the opening sothat a properly sized

remedi al 0CEhABI PLARK.GG £20. ereqrperaafa&ugtcsgmgﬁ Jadial Large exerted by

t he device TIs deS|gn e able to very close proxi mate that of the
ti ssue surroomeirictate déhecradidhdaonsasaredted. ]@Y thﬁerdfvllic?t%% enl ar gi ng

of the defegld; né@ec@muahlgftds &FH:%J Akl ¢happpei i cornatdet ect can be
closely control?ed in sone enbodinents . The radial stretch |s designed to

mmc the rB@fafistHet el rornthed o L??ifﬁﬁtdBW’é‘é PeU5eE ddirfigrto be used
to ocd ude vheyopening.emBrrihegsézivig sidfeetyt esThadmgrithetsanme radi al

stretch as the, device t he nost . appr.op t occlu5| n_devi ces can be
sel ect ed. Ar%&e? r$ 5 Y 8P 5T Cprg de?lfagf e Ccﬁh uﬁlyl i zi ng nitinol

Pe res
wire havi ngcantaq»hrem(lmts@mdl aned dimepfts..00Ibe. r@@Bal rgheschoieed as a nesh

havi ng appr 4- 1 S nage g vari ety of
si zesgreggr §1§gp€ﬁg¢yto m%fé‘%sjfar%cr;éteﬁ %ﬁc\ye% FE|8:¥DE§%R| TGI8 THE DRAW NGS

In the dr avwiﬁ*gsw\h’@?@i nlsl |gl@énﬁu’ﬁ%r]%ﬂ S15eh e OFEkedp aitts ApisRdBghout t he

sane: |(Fi gur 8§ R8s ! £1 ARy SEhepRhESs iAWH PfheP8AnY FLiiMmgithgrshr uctures in
accordance wth the present invention which use an Ofﬂer ator.-controll ed

act uati ng néfbepe S%W“Felsﬂ &RBafitRt FRRDCRAGRG§aPEd U 1A e¥drPapsed

can be selected.
A preferred structure is a braided wire mesh
utilizing nitinol wire having an approximate diameter of
15 .0015-.008 inches formed as a mesh having approximately
4-144 wires. The device may be made in a variety of
sizes regardless of type of construction.
BRIEF DESCRIPTION OF THE DRAWINGS
In the drawings wherein like numerals denote like
20 parts throughout the same:

Figures la-lc are schematic views of open wire
imaging structures in accordance with the present
invention which use an operator-controlled actuating
member shown in expanded {(la) elongated, fully collapsed

25 (1b) and deployed (lc) mounted on a guidewire;

Figures 2a-2f are schematic views illustrating self-
expanding imaging structures in accordance with the
invention;

Figures 3a-3c are photographic views showing open

30 wire imaging structures in accordance with the invention
of different sizes straddling a simulated opening in a
membrane in several stages of expansion;

Figures 4a-4c illustrate schematically alternative

embodiments of an open wire imaging structure in



(I'b) and deployed (lc) nounted on a guidewire; Figures 2a-2f are schematic
views illustrating selfexpanding imagi ng structures in accordance with the
i nvent i onyoBogurier43a- 3c are phot ographi c vi ews show ngpropars20useossaagi ng
structures in accordance with the invention of different sizes straddling a
simul ated opening in a nenbrane in several stages of expansion/ Figures
4a-4c illustrate schematically alternative enbodi nents of an open wire
i magi ng struct urg i nacc.QCrdglr}llce W th the invention; and Figures 5a-5b
illustrate BSSSFETE-ashddt ated  HEER U BHe™} echni ques that can be used in
si zing and oper afingreeiaced iillastordamesibilek theociwead i on. DETAI LED
DESCRI PTI ON I i e i.n i . particularly suited
mlgguk%ﬁc%m@gce;&{ lif%h‘é% En i %ele}ﬁtﬂe \é%@? g@nﬂﬁ ald

to penetrating ant zing defects in t rm of abnor mal” openi ngs in
bodi | y nmenbraasstpag tduleed yoneabeedrnamlWishs fBR aB3VEREFAD -sept um menbr anes

separating atrial or ventricubaeasiaisisergeriBat an occl uding repair
device can be properly sized. It wll be appreciated, however, that the

i magi ng st ruct ur Enof il N\ FEFUCEAT AR RIRE BEVEREHCR P FSrage and si ze ot her

types of defgetscingtidi NG veaseul penst £NOSRS anlheigmgdidmidts ah t he
detail ed description ich follows are offered.as il]Justrations of the

i nventive cof€epfrAndt AEHIPINERALES bd RO ¥ nEeFRTEHSS nanner. As
i ndi cated, thhetexpansipmeaibddne shzlngsisdlr uet hreestcaapbencontroll ed in one

of seygral yays. . Qhe yay )5 Lo usesembadients dhal expandon their own
after "bei ng advanced into a def &ct “and unsheat ied or ~ot Nerw se havi ng the
f orce hol di igathem cechudionprepedd dewntee radn dgegroperly sized.

It will be appreciated, however, that the imaging
structure of the invention may also be used to image and
size other types of defects including vascular stenoses.
15 The embodiments of the detalled description which follows
are offered as illustrations of the inventive concept and
are not meant to be limiting in any manner.
As indicated, the expansion of the sizing structures
can be controlled in one of several ways. One way is to
20 use embodiments that expand on their own after being
advanced into a defect and unsheathed or otherwise having
the force holding them in a compressed state relieved.
The sizing structure then expands to fill and size a
defect. 1In other embodiments, an operator controlled
25 actuating member can be used. The actuating or operating
member 1s an axial element which extends through the
length of the device and is operated from outside the
body. The system may be calibrated so that the radial
force exerted on the defect can be precisely controlled
30 and the expanded size observed.
Figures la-lc depict an open wire imaging device
structure including a generally oval or ovate shaped mesh
structure 10 formed from braided woven wire. The

structure 10 is attached to a deployment shaft 12 at a



The sizing structure then expands to fill and size a defect. In other

enbodi nents, an operator controlled actuati ng nenber can be used. The

act uati ngwonroepesa2ui ng menber i s an axi al el ement whi chpextuwpas/obdaspugh t he
| ength of the device and is operated from outside the body. The system may
be calibrated so that the radial force7exerted on the defect can be
precisely controlled and the expanded size observed. Figures la-Ic depict

an open mnre |na i-ng_device,s e ifncluding, & gener ovat e
shaped nesh PEPTU ]U%Q% %fgﬁnéﬁggé%%1 Eﬁ% ghao%én %?}é%kfﬁe ?ructure 10

is attachedotoaetuhﬂﬁn@yweme $hashow? ait l8peskepdinenehzauot4 thad has a free

end 16. An Qgﬁéﬁtw%h%rfta@tzuey Qg?maee 1S aghauhnat « 18- exerdispgit hrough the
| umen of sha | ace of tachnent at the distal end 16. The open

wire struct gré 19 |§”§h6ﬁﬁne%béﬁd%%FW9Fqﬁ$ &l Afi BREOEY SHRATEES ARFi gure | a,

i n thes el ongat g i dilday meahbapsedr shatee 13yi tabtige f@rormdgpledysent into the

car di ovascul ar syst mof a i ent adv, t he Io tion of a
defect to b&YMBRsTH H%?dF|86%8 ?BlEéh} §a §F8§%¥P??F a 54 s%%e def ect
openi ng i n thssuevadrilarFisguteml of dhmtiasitc ihmageanesnas stor gbeur e of

Figures 1a- L6 L bhale of ARLIbRdl FEH.INakd $,UskaLLyY B pRekator or
‘Pea of

user-contro Sy stem’i mwhi ch axr al e actuation wre by the
oper at or d|Qpbégfsdtimaaﬂtsﬁaheedéfa@Ilqquematﬂ@nt%©5@¢m?QNkﬁa mal end 14 to

Causel@long%ﬁpgge(ﬁpll%ﬁ%ﬁka@&ceéﬁ | QiR LheusthBetdl eritdrekt shoul d be
not ed, howeve that the structure 10 may al so be one that has been

previ ously Reatcset @it KﬁhPHUBQHOQém%%%éjﬁﬁ‘ﬂﬁeuEBﬁ%}Yzﬁqn ng force of the
actuation WokerdBor VWi Ius?e@-fcoelwamsde@r@]sacte&remt whochessiml i ts heat set

shape. As SggﬁgmégtFl Lgﬁéléétugggogtﬁigé y the operator displaces
the distal end 16 in relation to the proximal end 14 to
15 cause elongation (collapse) or expansion of the structure
10. It should be noted, however, that the structure 10
may also be one that has been previously heat set and
that upon release of the constraining force of the
actuation wire 18, will self-expand and attempt to resume
20 its heat set shape. As shown in Figure lc, the structure
10 is constrained from resuming or achieving the shape of
Figure la by the size of the tissue defect 20 thereby
forming a defect sizing waist as at 22.
The Figures la-lc are also presented to illustrate
25 several possible modes of deployment for the device into
the cardiovascular system of a patient. The embodiment
of Figure la is shown with an optional atraumatic tip 24
such that the device may be used as a self-steering
system when collapsed in the manner of Figure 1lb. As
30 shown in the figures, the shaft 12 is preferably hollow
and provided with a lumen 26 that extends through the
length of the shaft to accommodate the actuation wire and
so that the device can be advanced over a guidewire as at

28 in Figure 1lc. Also, the entire device may also be



10 is constrained fromresum ng or achieving the shape of Figure la by the
size of the tissue defect 20 thereby form ng a defect sizing waist as at
22. The Rvogun@m7bm4|lc are al so presented to illustrate sevasasposss bl e
nodes of deploynent for the device into the cardiovascul ar system of a
patient. The embodiment of Figure la ig shown with an optional atraumatic
tip 24 such that the device may be used as a self-steering system when

col | apsed igg%grg?{%%%&% EROUI Gdib o A SROUELT A LB fdQurgs, (he shaft 12

is preferab . w and “provid - a |unen ext ends through the
| ength of tHepshaéd o thecswrodant thelmdtigatPohPwi re and so that the

device can be adygnced;Q%er 28-94i deNdF £ 135 Bbié8 t{bdd WK &ike. Al so, the
entire device may al so beadvanced t hrough the |unmen of a sheath or catheter

as depi ct ediB§9ERe 3% SgfdRe SOTPREEFYETAETCRRE EHBYEs Ba PP SGeneral |y
depi ct5 t ypesnofri yhf&s i IBQicN@uer whi &h Ngr tycnetrdll &y endotli st sedifm | ar to
those in Fi %?(r es la-lc hut whi chtare ener al I% heat set, sel ftex andi ng

si zi ng st r uEFEPBET AV g PBe &R TGPV BRS A BV A% P5F " AT T o™ ngﬁaﬁegr
configurati dbalThous! dHwpedevioéighr&Figure Zausnctiheedewireopdn nesh si zing
structure 5Q. i n | at_s r fos n fd a hol | ow
flexible shgf1L ?Qggn%% %%‘él%gggx%ﬁa?b %I(r?]dm %%l tshlg)igiaz?ﬁguéﬁ%gctduq(g%§%q954. Fi gure
2b shows t hénsiizpnigeat rasdit wre ssbfcerrinrdachde i fhrad are cuthal 1o4t het er or

sheat{y 56 i #1RQ$His0shd@ B8 depkayed - idnit Reagcathetersi Hgure 2c depicts
the sizing structure 50 partially enmerging fromthe distal end %8 of
cat het er 56 SARHCERFRRT b%gi AHTHG St 6° at T ¥ ttDEo 1 &L TS tHE SHEpe Udepi cted in

Fi gure 2a OrconisSrhinéderipraeess ofitbei tyriicrackredhésnto iheirsheat h. Fi gures
2d- 21 ShOM/%%S§kggﬁng§ efqggﬂ%gggtw&@hwgngatheter. Figure 2c
depicts the sizing structure 50 partially emerging from
15 the distal end 58 of catheter 56 and either beginning to
attempt to resume the shape depicted in Figure 2a or, is
in the process of being retracted into the sheath.
Figures 2d-2f show an alternate embodiment in which
a self-expanding sizing structure 60 is provided with a
20 slight pre-formed waist at 62 in its initial heat set
shape. This configuration is of assistance in
maintaining the location of the sizing structure within
or straddling the defect during expansion. Figures Z2e
and 2f show one expansion process for a measuring device
25 such as that shown in Figure 2d with the device
positioned in a defect 64 and ready to expand. Figure 2f
shows the sizing structure 60 fully expanded within
defect 64 with the measurement 66 depicted as that which
the sizing structure would measure as a diameter of the
30 defect.
Of course, as previously indicated, the self-
expanding or heat set sizing structures in accordance
with the invention can also be constrained by using an

actuating wire to elongate and then release the self-



a self-expanding sizing structure 60 is provided with a slight pre-forned
waist at 62 inits initial heat set shape. This configuration is of

assi st anowoi200em@s2ai ni ng the | ocation of the sizing strattuse@eobdssi n or
straddling the defect during expansion. Figures 2e and 2f show one
expansi on process for a measuring devi_é:_e such as that shown in Figure 2d
with the device positioned in a defect” 64 and ready to expand. Figure 2f

shows the sizing,structure 60 ful expanded_w t hin defe 8 ith the
measur ement B8 depitted e ¢ ﬁltlc%]%/ec'h {1 eggfﬁ%l%ms r'uc nu%%tv\éa (Srreasur e as
a di ameter wiréhes def d@ inOFigotg sk casilgr bei vesd ytd dicgaeéd, 2nfe

sel f expandi 8819{1%9@3& s%%tf—ékﬁqiaﬁ'@iﬁ%rs‘i%ti!ﬁrge§tirﬂc€’1%é3rf_f@zn%v%éﬂtt he

i nvention can al'so be constrained by using an actuating wire to elongate
and then refbagedk Herss Ik PEABF R 5| SHSTETs BPECPUreCcHSt &R BLABRner, an
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in the full yeoltapsed catekongas edy camfd guvakl' onamsocnesdedsethen t he device

is located i ityu, the "laock"” n_ he r.el sp .t he sizing structure
wi | | atterrp%:ﬂ?o % Ut T is'%guﬁg%e svgjtljf Sﬁ%zglﬁé ?%us uertnugtgdlt%(% size a
def ect. Fi gbees 8at 3towepindt tbpenbeused rregisigeo?r &4 afg structures sinmilar

to thgse of Figupes,)as 16 ReskL)oned,yid hiikea:fREEhy def eat,53@ sinmul ated in
a silicon nmenbrane” 32 and expanded to fill the défect. The magi ng or
si zi ng st rueturesusppvHIELerof ot et & d angsat e~ 1damMsifiieédeBy t he

reference chacachessmitbl 30 rand 38, simspeed Vel ¥. s£5idddineaibednabove, the
narrOM/sect%E ggd expanded to f£ill the defect. The imaging or
sizing structures shown are of three sizes and are

15 identified by the reference characters 34, 36 and 38,
respectively. As indicated above, the narrow sector in
the expanded open wire structure forms the waist and
corresponds fo the size and shape of the defect opening
as defined by the expanded woven wire shape.

20 The amount of radial force exerted by the expanded
sizing structure is an important consideration leading to
the selection of a proper size of occluding device (or
stent in the case of a vascular measurement). Assuming
the same mesh construction for all, the Figures 3a-3c

25 further illustrate the relatively wide variation in
radial force which can be applied by the sizing
structure. The structure 34 in Figure 3a remains
generally elongated and is expanded a relatively small
fraction of its potential and so exerts a relatively

30 small amount of radial force in the defect. The structure
36 in Figure 3b is expanded a greater relative amount and
exerts a relatively larger radial force on the defect;
and, finally, the structure 38 in Figure 3c is expanded

to a degree that causes the proximal portion to assume a



t he expanded open wire structure fornms the wai st and corresponds to the

si ze and shape of the defect opening as defined by the expanded woven wire
shape. Theoaomunt22ef radial force exerted by the expandedrtaiszéos@osss uct ure
is an inportant consideration leading to the selection of a proper size of
occl uding device (or stent in the case,of a vascul ar neasurenent) .
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al ternati vepertosi mentasidotwopes adive 19t ﬂa@gereaml e tfiiohky7éxpatded st at e.
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whi ch inclu ongated wai s ron and two atively | arger end
secti ons 74ofandigibran 4kh J&héﬁ@esma mlécnuabﬁngow JFTEil?V&du?iﬁeWéﬁ%%dl ment of
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90 and .92 whlchformth ,
thereby expandlng or collapsing the shape. Figure 4c
includes a pair of wire loops 90 and.92 which form the
15 simplest construction of all for measuring defect size.

Of course, calibration measurements can be generated
for a given size structure of known construction to
relate expansion to defect size and shape to force in
terms of relative displacement of guidewire and actuator

20 wire or other defined relations.

Figure 5a depicts a sizing device 100 of the type
previously described fixed to a shaft 102 at 104. An
activation wire is shown at 106 and radiopaque markers
are shown at 108, 110 and 112 toward the distal end of

25 the activation wire 106. X and Y are known constant
distances such that measurements made within the body can
all be related accurately to these known distances. This
is particularly useful with measurements made under
magnified fluoroscopy (up to about 10X) which is normally

30 used in such procedures. Figure 5b shows a schematic
representation including a collapsed sizing structure 120
attached to a shaft 122 (shown broken) and an actuating
wire 124 which is provided with a series of calibration

marks 126 situated alongside a measurement scale 128.



si mpl est construction of all for neasuring defect size. O course,

cal i bration neasurenents can be generated for a given size structure of
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It ityys a §£ges;%g%@a%y%ty%%m' beCalk %el@wtogﬁgegh@nﬁ@%@nced to the

Vi Ci n| ty of In the cardiovascul ar system For other enbodi nents a
cat heter magtBecire cdduceanaed theldmsc GRARCEGEL EATF ThéPFatlent and the

i magi ng strugtire ¢§cﬁ@hvc6_1,n%&dth@saé1@ceu%t bet entbuadn @ wsheakBesio the
vicinity OfoghglgggeCtlv%_ ot ngg %&h&%n % hgggbg advanced over

guidewires previously placed. The imaging structure is

15 then expanded by using the actuating wire or releasing
the device to self-expand to provide a measurement of the
desired aspect of the defect of interest using the
desired amount of force. Measurements are taken using
fluoroscopy or other imaging techniques using sizing

20 markers and the like to improve accuracy. The steps are
then reversed and the sizing structure is collapsed and
withdrawn from the patient.

An important aspect of the invention lies in the

fact that the open wire nature of the sizing structures

25 of the invention enables almost normal hemodynamics to
continue in the patient. In addition, the wire
structures, and particularly the mesh structures, provide
added friction to the system which makes it easier to
position the sizing structure in a defect and maintain

30 its position during the measurement procedure.

This invention has been described herein in

considerable detail in order to comply with the patent
statutes and to provide those skilled in the art with the

information needed to apply the novel principles and to



or sized. Still other enbodi mnents nay be advanced over guidew res
previously placed. The imaging structure is then expanded by using the

act uat i ngwei20&/m622ael easi ng the device to sel f-expand t @ecprsed®o@ss

measur enent of the desired aspect of the defect of interest using the
desired ampunt of force. Measurementsare taken using fluoroscopy or other

i magi ng techni ques using sizing markers and the like to inprove accuracy.
The steps are then.reversed and the si zi. S j S, C apsed and

wi t hdr awn f FORS EHE Ha |eH§? ng? 5¥%§%§Qggp%%¥&%#gtEt%fngghtion lies in
the fact thatqtiredpetiowiervernattires dfo bireusferagred ridettuicds of the

I nvention eﬂﬁ@&?&&l nost HRORARL; hemAY RITLES L 81 60N MG ficRehbe patient. In
addition, the wre structures, and particularly the mesh structures,

provi de addeeuipnen At geVRESSy ST ERRItC A FARBS TRIEFGEA TS  position t he
Si zi ng strugbyk ead A thef eghiphentraidd @iperat$ngostddaiurdis,i agnt be

measur enment procedure. ThiB igvgnti n ha% bee hgescribe Q gein in

consi der abl 8°8eTRG45h5¢ SrGEP L o WP Y It ER™t hidS paT &t St atiites and to
provi de thosevekiidred tiseltthe art with the informati on needed to apply the
novel principle d .toc ryct _and use such specialized conponents as are
required. Fbmev:Wﬁg%tlﬁ §ﬁ%§hﬁ§ %%derstood that the invention can be carried
out by specifically different equi pnment and devices, and that various

nodi fications, both as to the equi pnent and operating procedures, can be
acconpl i shed w thout departing fromthe scope of the invention itself. Wat
is clained is:CLAIMS 1 . A structure for imaging or sizing cardiovascul ar
def ects conpri sing:



(a) a three dinensional open wire structure adapted to be deployed into the
cardi ovascul ar systemof a patient; (b) an elongate device for advancing
sai d i magvogQostoreniiure to the vicinity of a cardi ovasculpar/udedeobosso be
nmeasured; (c) a control systemfor controlling the operation of the open
wire inmaging structure in an inaging_Qgpcedure; (d) wherein said open wire
i magi ng structure is selected fromthe group consisting of a generally oval

brai ded open wire nesh structure, a ggg@éally oval braided open wire nesh
structure having a defined central St area, a plurality of radially
di stributed indiwi dual swrnetwesnbers ioegnegt ed detimgen adj ust ably spaced

proxi nal ang £§f§é§sc EQrUEQP@E@ Tl IQS%£g? | oop structure. 2 . A device as
inclaiml Whereln the wire mesh structuré is a braided general ly oval

shape. 3 . A devisde asthnee|dlmsrsinaelePRerHElNg rEHESHTSL FERREF® i s -woven.
4 . Asdevice as in chgi Bleld%\@fésl%& i5alod thoBgh A Stddistlere systaenori ed so as
to self-expand when rel eased, . A device as in claim1l further conprising
aspects visibl e undePff PUBRBE2®py. 6 . A device as in claim4 wherein said

im_agi ng str:Jctur@ﬂi Sad Bibh§ote BSN.cel forAadexhemasdin chabimd wherein
Wherein said dofect FLEHCHBAB Bl CSbGRIAG A S rbrPaHS 57 hASrein said
defect to be measured;
10 (c) a control system for controlling the operation
of the open wire imaging structure in an
imaging procedure;
(d) wherein said open wire imaging structure is
selected from the group consisting of a
15 generally oval braided open wire mesh
structure, a generally oval braided open wire
mesh structure having a defined central waist
area, a plurality of radially distributed
individual wire members connected between
20 adjustably spaced proximal and distal end
members, and a wire loop structure.
2. A device as in claim 1 wherein the wire mesh

structure is a braided generally oval shape.

3. A device as in claim 1 wherein the wire mesh
25 structure is woven.
4. A device as in claim 1 wherein said imaging

structure is memoried so as to self-expand when released.
5. A device as in claim 1 further comprising
aspects visible under fluoroscopy.
30 6. A device as in claim 4 wherein said imaging
structure is a nitinol mesh.
7. A device as in claim 1 wherein said control
system includes an actuating wire.

8. A device as in claim 1 wherein said defect is



i mgi ng structure penetrates said opening and, upon expansion, fornms a
wai st that defines the shape and size of the opening. 9 . A device as in
cl ai m 4 weeneign7erisd defect is an abnormal opening in apoeriseee@oEBS
wherein said imagi ng structure penetrates said opening in a nenbrane and,
upon expansion, forms a waist that de_fljt_neS t he shape and size of the
opening. 10. A device as in claim9 wherein said imaging structure is a

nitinol mesh, eyi ce. Ll al i I rol system
i ncl udes anarél‘—’gebrﬁsorfn‘aﬁc’:IL oPemdnaqsajtr?ng q%h@rénghg%&f@e%lgx%g?gd by said i magi ng
structure. iRaginy déviceuas penaiizEtnsl sphér epenisty dnel ol§afe device is a

gui dewire. 13,4 %V' ¢8RS & Nvfd Al MnAWAGESHES aeﬂealsh%%pbaaegﬁm of said
actuating wire is calibrated. 14 . A device as in claim1l wherein said open

Wi re struct@f etiurgdingncl udes markers of known separation distance

vi si blse under fldior Oicaeylcewas A deviGe a5wh@r@ira|smlh wlkeeeinisai d el ongate
device is a catheter. 16. A device as.in claim ereln sal% st eerabl e

system 17.%RA HRATTELaSPPALRY at ' A WHEFERS 84T d 5P WiSP& st ruct ur e
i ncludes a pohyimes |s¢r|tmtere@ené&awmhddopénlmqmya oenmdiranag

cardi ovascul ar defoehcI mgggg%ﬁmﬂgrrg eps, 9kt (Rdr PEoMidingra depboyment

devi ce wit h®3 threed nsional opén wire imaging structure carried near the
di stal end @héreife of the opening.

10 10. A device as in claim 9 wherein said imaging

structure i1s a nitinol mesh.

11. A device as in claim 1 wherein said control
system includes an element for modulating the radial
force exerted by said imaging structure.

15 12. A device as in claim 1 wherein saild elongate

device is a guidewire.

13. A device as in claim 7 wherein axial
displacement of said actuating wire is calibrated.

14. A device as in claim 1 wherein said open wire

20 structure further includes markers of known separation

distance visible under fluoroscopy.

15. A device as in claim 1 wherein said elongate
device 1is a catheter.

16. A device as in claim 1 that is a steerable

25 system.

17. A device as in claim 1 wherein said open wire
structure includes a polymeric material.

18. A method of imagery or sizing cardiovascular
defects comprising steps of:

30 (a) providing a deployment device with a three-
dimensional open wire imaging structure carried
near the distal end thereof;

(b) introducing the deployment device into a

patient and advancing the imaging structure to



(b) introducing the deploynment device into a patient and advancing the

i magi ng structure tothe vicinity of a defect of interest to be neasured;
(c) expangtongogire2ismagi ng structure to provide a neasur egenis2vb/oa04eesi r ed
aspect of the defect; (d) determ ning the dinmensions of the defect in situ;
(e) collapsing the imaging structure;%ﬁnd (f) withdraw ng the imaging

structure fromthe patient . 19. A method as in claim 18 including the step

of nodul ating radi al _expansi o I i i j ructuyge to control
radi al force exertedtgﬁ qﬁ%”&gﬁégf?%2égf%Pﬁgé{§¥¥%§§e?% g?;#%11 8 including
the step of neasuringether¢dmgi ng structure expansion in situ using

f1uoroscopy. 21.(A MeLhodansy itheliai@idg bpshuding tohe:svemeof measuring
the imagi ng structure expansion in situ using ultrasound.
measurement of a desired aspect of the defect;
5 (d) determining the dimensions of the defect in
situ;
(e) collapsing the imaging structure; and
(f) withdrawing the imaging structure from the
patient.

10 19. A method as in claim 18 including the step of
modulating radial expansion force in the imaging
structure to control radial force exerted on the defect.

20. A method as in claim 18 including the step of
measuring the imaging structure expansion in situ using

15 fluoroscopy.

21. A method as in claim 18 including the step of
measuring the imaging structure expansion in situ using

ultrasound.



