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15 IL. BACKGROUND OF THE INVENTION

Over the years various medical devices, including stents and occluders, have been
developed for placement within a preselected internal passage, opening, or defect of a
patient. Other complex devices may be delivered and used in treating specific abnormal
conditions, such as devices used in removing vascular occlusions or devices used in

20 treating septal defects and the like. Through the advancement in a variety of devices, these
stents and occluders have been delivered non-surgically. Certain intravascular devices,
such as catheters and guide wires, may be used to deliver these medical devices to a
specific location within a patient, including the patient’s heart. For example, a catheter
may be used to reach a selected coronary artery within the vascular system or a catheter

25 and/or guidewire may be used to deliver a device to an interior chamber of the patient’s
heart.

Prior to delivering the particular medical device, the size of the internal passage,
opening or defect must be determined in order that an appropriately sized device may be
provided. The determination of the “stretched diameter” of the opening or defect is

30 desirable to provide a preferred fit between the medical device and the surrounding tissue.

In the past, physicians have utilized a balloon catheter in an attempt to determine the size
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without tearing or otherwise negatively affecting the opening. The differences between

20 echo measurements and stretched diameters may range between 2mm to 10.5mm. It has
been suggested that the stretched diameter can be estimated from echo measurements by
multiplying 1.05 times the echo measurement and then adding 5.49. Although this
formula may prove sufficient in some cases, differences of up to 4.5mm between the
actual stretched diameter and the estimated diameter from this formula have been

25 observed. The errors in echo measurements can be explained by the fact that most
communications are not perfectly round whereas the balloon transforms the deformed
communication into a round structure. If a device is selected which is too small, the risk
of embolization and residual shunting increases significantly. On the other hand, if the
device is too large, the device may not fit properly within the opening or defect. Thus,

30 there is a need for a device that non-intrusively yet accurately determines the size of the

defect opening when the tissue surrounding the opening is stretched.
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method of the present invention may be utilized to determine the size of any of several
defects, passages, or internal openings within a patient. For ease of discussion, but
without any limitation intended, the device and method of the present invention will be

20 described in conjunction with determining a stretched diameter of a septal defect within
the heart of a patient.

The device and method of the present invention may be utilized in conjunction

with ultrasonographic measurements or direct measurements with a sizing plate, and/or
other known suitable means for viewing the distal end of a catheter positioned within a

25 patient’s heart. The sizing catheter of the present invention includes a tubular shaft having
a longitudinal axis extending between a proximal end and a distal end of the tubular shaft.
The tubular shaft has one or more lumens formed within the tubular shaft, wherein the
lumens are adapted for receiving, for example, a guidewire, device, pressurized fluid, etc.
One of the lumens extends between the proximal end and a region short of the distal end of

30 the tubular shaft and terminates into one or more ports extending through the tubular shaft

from the lumen to an outer surface of the tubular shaft. The plurality or series of ports
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In an alternate embodiment, the pressure within the dilation balloon may be noted
20 when the inflation threshold is reached and when the opening is stretched to the second
stretched diameter. The catheter may then be removed from the heart and the distal end
inserted in a template having apertures of known dimension. The balloon may then be
inflated to the noted pressures within an aperture estimated to be larger than the stretched
diameter of the septal defect. If the balloon deforms, the selected aperture in the template
25 may approximate the stretched diameter of the septal defect at that pressure. The next size
larger aperture may be tested to verify that the balloon does not deform in this larger
aperture. If the balloon does not deform in the first selected aperture, then the next smaller
aperture in the template is selected and the balloon is inflated to the noted pressure. If the
balloon deforms in this aperture, the dimension of the aperture corresponds with the
30 corresponding stretched diameter of the opening for the noted pressure. This procedure is

repeated until the balloon deforms within an aperture at the noted pressure. In this
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perspective view of. the distal end of the sizing catheter of 20 the
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end ofs the sizing cathet egREEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a perspective view of a sizing catheter of the present invention;

Figure 2 is a partial sectional end elevational view of the catheter body of the
present invention;

Figure 3 is a fragmented perspective view of the distal end of the sizing catheter of

20 the present invention;

Figure 4 is a fragmented perspective view of the distal end of the sizing catheter of
the type shown in Figure 3 with the balloon inflated;

Figure 5 is a fragmented perspective view of the distal end of the sizing catheter of
the type shown in Figure 3 with the balloon inflated and positioned within an aperture of a

25 sizing template;

Figure 6 is a fragmented perspective view of the distal end of the sizing catheter of
the type shown in Figure 3 with the balloon inflated and positioned within a septal defect
of a heart;

Figure 7 is a chart demonstrating differences in the accuracy of determining the

30 inflated size of the balloon of the sizing catheter of the present invention for several

measuring means; and



the type shown in Figure 3 with the balloon inflated; Figure 5 is a
fragnment ed perspective view of the distal end of the sizing catheter of
the type shown in Figure 3 with the balloon inflated and positioned within
an apertwWae0178 25 sizing tenplate; Figure 6 is a fragnP@T/H8004@28pecti ve
view of the distal end of the sizing catheter of the type shown in Figure
3 wth the balloon inflated and positioned-within a septal defect of a
heart; Figure 7 is a chart denonstrating differences in the accuracy of
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relatjyvely bﬁfxﬂ'ﬁate the distal end of the tubular shaft and encloses the one or series of ports 28 (see
Figure 3). The second lumen 20 serves as a conduit between the balloon 26 and a means
of known suitable construction for increasing the pressure within lumen 20, which is
coupled to the pressure valve assembly 24. The first lumen 18 of the sizing catheter 10
may be sized for passage over a 0.035 inch guidewire, leaving room for a relatively large
20 second lumen 20 for rapid inflation and deflation of the balloon 26.
The dilation balloon 26 is constructed of a thin expandable plastic having an
inflation threshold, such that when the dilation balloon 26 is positioned and inflated within
a predetermined opening, the dilation balloon resists deformation up to the inflation
threshold. Without any limitation intended, in the preferred embodiment the tubular shaft
25 may be constructed of a known suitable radiopaque nylon based polymer composite and
the balloon 26 may be constructed of a 2 mil thick expandable polymer such as a
polyurethane membrane. ,
Once the dilation threshold is reached, the dilation balloon 26 deforms about the
predetermined opening. A size of the dilation balloon adjacent the predetermined opening
30 approximates a first stretched diameter of the predetermined opening, wherein the dilation

balloon blocks fluids from passing between the balloon and the defect opening. The
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[ f th ded, th f d
size O e{aﬂgé 6 25@0%1.&?@%@?%1&}@ Er»egﬁn%g{éférféhe” ed, inthe preferre

enbodi nent I 'ncréase ssure nmy rom 25-100mHg wi th 50mrHg

bei ng pref er r ed. RERHGIg ioBighe 4FilgWigaldndtlbefdhsdizihg emtetdH] ®fs shbemsi zi ng
catheter 10 is shown. Radi opaque markings 36 of known suitable

constructi oRadiﬁpa(b@ mgrkings 46 Gf knoyymatable qopatruction mayrbethiixed arfopped pmthee
the dil at 6. T
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sizing catheter 10 may be positioned P c{)endl cular to the plane of the
pr edet er ni new@negydh¢ leggitudinal axis of the distal end 16 of the sizing catheter 10 may be

positioned perpendicular to the plane of the predetermined opening.

Referring to Figure 5, the distal end 16 of the sizing catheter 10 is shown
positioned within an aperture 32 of template 30 with the balloon 26 inflated above the
20 inflation threshold. Various sized apertures 32 of known dimension are formed in the
template 30. As further described below, the pressure within the balloon inflated to the
inflation threshold varies depending upon the size of the aperture 32.
Having described the constructional features of the present invention, the mode of
use will next be described in conjunction with Figures 6 and 7. Those skilled in the art
25 will appreciate that the device and method of the present invention may be utilized to
determine the size of any of several defects, passages, or internal openings within a
patient, however, for ease of discussion, and without any limitation intended, the mode of
use will be described in conjunction with determining the stretched diameter of a septal
defect within the heart of a patient. In the preferred embodiment, although it may not be
30 necessary, prior to inserting the catheter within the patient, the balloon 26 is inflated with

carbon dioxide and then all gases are aspirated from the second iumen 20.



Referring to Figure 5, the distal end 16 of the sizing catheter 10 is shown
positioned within an aperture 32 of tenplate 30 wwth the ball oon 26
inflated _above the 20 inflation threshold. Various size @2@%@1‘%&3 32 of
known di WOMR are forned in the tenplate 30. As further ed bel ow,
the pressure within the balloon inflated to the inflation threshold varies
dependi ng upon the size of the aperture #. Havi ng descri bed the
constructional features of the present invention, the node of use wll
next be descri bedftérmhesmodyatinivdata bNthEipatisne s dbtanet, an idthediRirpkidietst isn t he
art 25 will appreciate that the device and nethod of the present invention
may be uti |passad thegugle therafrial sompunidagien gito grgofghe daflpulaiondef winsandpms sages,

or internal openings, wthin a ti.ent owever., for se of dj scussi on,
and wi £ hout XSR3PER BHAEHITE dhinirReutse d Be il dhEiae Cotheter and shaath 37g theddemoned) i n
conjunctio i : LAl 1§t i . :

o thi et o mhe'sinit SAELE (01!t obel MOBCIChRIGEn S dBeafPhfatdfe SGh.
not be 30 n&¥odsshtate, thippeutaneousraay] imgsistant applibeforceful Adpativé PRsARE WML |
the balloon 26 is inflated with carbon dioxide and then all gases are

aspirated faotached syaagm dinderiinomgcoppmhocBogudiopaphiggnidamee,the disgl and &6
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vei ns and apith BGERESRraSUhS AW Bl § Walkt ERAMCEervE ethk A REBIChRShSAt et er

and sheath are then renoved and the sizing catheter 10 is passed over the
exchange guicaished) anddir defetd-sightishoutgig ¢chses ak bbserted Ty Dappler ¢chibeartiivigsaphy.

per cyt aneo enfry, an assistant applies fqrceful negative pressure with
an aﬁbached }E‘yf‘hi’fé’é‘tﬁ{qﬁ@a dF‘iIi’EFéFB%gE‘th&etﬁ’r‘?a dé*’é‘i‘ﬁﬁ%‘aﬁr}dg%ﬁ?%ﬂtﬁ%@%uﬁ%nce, t he
di stal end (I 1l r: ] L Qﬁgg def ect.
The bal | oon& g%u&smtlﬁgﬁlﬁ#‘ggfag(ggg\%o t?l ﬁs gllgll{lj%%a?iggg tlal ?’g‘g%trre |€t$narﬁ$r}tﬁ}t’l a wai st

can be obseasxyamtifg the defetd @ata seooridsteesthed dianterr eached) and/or left-to-right
shunting ceases as gbserved b pl er  echocardi ography. 10 The .inflation

) Do
threshol d defi negquﬁ@n?tFW%ftth%g‘i‘lg’togr?é&dmcﬁrﬁé}t‘f‘e‘i‘efé‘?t apﬁéhlgsetb@ dirstgad segondThe
def | | . . e
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of the bal liaclndiag eeltjcadéopraphyrdadiegriplan Réfbing tth ehef dHastt shanal i Fogird 7, it is
stretched di aneters of the defect nmay be_determ ned by many of several
known meansantisipaisd thayeehy @%%Bmemwﬁlasp\ﬁ@ceohoweaw,dgraafmyasumw$ tagbe 0 t he

chart s hovwhdidgd. Fﬁlﬂ'\fﬂeﬁ i17 des.irEd,itﬁe sizing catheter 10 may be removed, and positioned within

various apertures of template 30. The balloon is re-inflated with the same known amount
of contrast medium, and it may be determined which aperture corresponds with the same
20 deformation of the balloon 26 observed within the defect. Once the first and/or second
stretched diameters of the septal defect are determined, a properly sized occluding device
may be selected and positioned within the defect.
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
25 to apply the novel principles and to construct and use embodiments of the example as
required. However, it is to be understood that the invention can be carried out by
specifically different devices and that various modifications can be accomplished without
departing from the scope of the invention itself.
What is claimed is:

30



antici pated that echo neasurenents wll suffice, however, x-ray
nmeasurenents can be added. Further, if desired, the sizing catheter 10 nmay

be renov positioned within various apertures of t The
bal | oon ﬁgj?lg%gﬂflat ed with the sane known anmount of confggélg&%éggum and

it may be determ ned which aperture corresponds with the same 20
deformation of the balloon 26 observed w ifiin the defect. Once the first
and/ or second stretched dianeters of the septal defect are determ ned, a
properly sized occluding device may beCEAIMS ed and positioned within the
defect. This i nventl on has been described herein in considerable detail in
order to conply lwit hptﬁélng’&?@ﬁier étrame&segn&m 5% qfraa\mter@ak oRsBIgN defest i n

the art with.the forrratlon nee t 0 ove rln sand
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different devices and that various nodifications can be acconplished
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is: 30 WO 01/ 37897 PCT/ USOO 4227(? -9 CLAI M5 @;I aﬁl Zi ngﬁ%at heter for

measuring t #ed &rminaging io parte psnding pugh te thilash umen tq @yguters 5 g
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ext endi ng b& a proxina ereo

shaft furth@hafbplaaith4te ti distaRdhdefitRneibabir BRAfNeRlodel thelPofty mlw&a ositidned
regi on short of the distal end and term nating |nto ports em}f}ﬁd ng
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t ubul shaf t a ongat ed, c nt ba n bflxed o the '
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ports and, wW4gin &Sltl oned wthin the opening and inflated, resists
deformatlonuto an inflation threshold such tat 4h. e C--'e' '. fi r;

1- . 10 when the |nflat|on threshold is reached fluid flow bet ween
erm nates, ,2. The si.zi.n eter as recited

the ball oon and the o t
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15 pressure within the lumen.

3. The sizing catheter as recited in claim 2, wherein once said inflation
threshold is reached the pressure within the lumen is increased a predetermined amount to

further stretch the opening by a controlled amount.

20

4. The sizing catheter as recited in claim 3, wherein the predetermined amount
is in the range between 25mmHg to 100mmHg.

5. The sizing catheter as recited in claim 1, further including radiopaque

25 markings affixed to the tubular shaft proximate the dilation balloon.

6. The sizing catheter as recited in claim 1, wherein the distal end of the
tubular shaft is bent at a 45 degree angle relative to the longitudinal axis of the tubular
shaft.

30

7. The sizing catheter as recited in claim 1, wherein the dilation balloon is



15 pressure within the lunmen. 3. The sizing catheter as recited in claim 2,
wherein once said inflation threshold is reached the pressure within the

| unmen is_increased a predeterm ned amount to further stretch th peni ng
by a con™OPMP&¥7ampunt. 20 4. The sizing catheter as reci¥%HUﬁWM§f im 3,
wherein the predeterm ned anount is in the range between 25mtHg to
100mHg. 5. The sizing catheter as reciteld-in claim1, further including
radi opaque 25 nmarkings affixed to the tubular shaft proximte the dilation
bal I oon. 6. cdierusted bf'gh &Pahi@ibs pdgmeeci ted in claim 1, wherein the dista
end of the tubular shaft is bent at a 45 degree angle relative to the

| ongi tudi nal axis of the tubular shaft. 30 7. The sizing catheter as
recited in claiml, rein the dilation palloon is WD 01/.37897 )

PCT/ US00/ 42278  $40- \A@g‘h%‘?ﬁn&&? tep s gsited naiaimml eviisen therdilagion baldoaty isj ng

cat heter as ' ' i , Wherein the dilation balloon is

const ruct edc‘%‘gﬁjﬁ%‘ﬁgﬂiﬁ@?ﬁ‘g‘ﬁ{é‘m@ 9. The sizing catheter as recited in claim
1, wharein the ports includes a series of ports aligned in a spiral

fashi on around the circunference of the tubular shaft. 10. A sizing

cat heter for nea8uri nghe sigingicatbetst anrecited mralaim lo péwrainy therpattsfimdudes Bseries hi n
a patient, said, sizing catheter. .including: .a tuybul ar shaf avi a
| ongi t udi naPt RA¥Islign ’é‘ﬁcﬂpﬁéfé Wééwuad@?%%%m?ﬂs?ﬁ? of the %‘E’Hﬂéﬁ@l}gend

t hereof, said tubular shaft further having a |unmen extending between the
proxi mal end and a region short of the distal end and termnating into
ports extendi ng thr oudhsidifiecdthdted for nehalringfthosivd dftan ititRial bperifg otidetect
surface of the tubular shaft, wherein _an el ongated conpliant ball oon

af fi X8d t o WHBIN3pAtent said sizigreathstes including:t A Aibylas shaft kaying? langitudignh axis
et | : _ 22 >Een . Y
Tl ateq. eandfuRRElts Biimdt 058 ARER I HIRE mellor Tl RGP RER lfna

the inflatipsvikdi Redealettendingerohas the pictithhlend aed wegiord Siforbe theantaesd t he
opentng and terminating into ports extending through the tubular shaft from the lumen to an outer
surface of the tubular shaft, wherein an elongated compliant balloon affixed to the tubular
15 shaft proximate the distal end of the tubular shaft encloses the ports and, when positioned
within the opening and inflated, resists deformation up to an inflation threshold such that
when the inflation threshold is reached fluid flow between the balloon and the opening
terminates, said proximal end of said tubular shaft having a pressure sensor coupled
thereto to measure a pressure within the lumen.
20
11.  The sizing catheter as recited in claim 10, wherein once said inflation

threshold is reached the pressure within the lumen is increased a predetermined amount to

further stretch the opening by a controlled amount.

25 12.  The sizing catheter as recited in claim 11, wherein the predetermined

amount is in the range between 25mmHg to 100mmHg.

13. The sizing catheter as recited in claim 10, further including radiopaque
markings affixed to the tubular shaft proximate the dilation balloon.
30

14.  The sizing catheter as recited in claim 10, wherein the distal end of the



term nates, said proximal end of said tubular shaft having a pressure
sensor coupled thereto to neasure a pressure within the lunmen. 20 11. The
sizing catheter as recited in claim 10, wherein once said_j t

t hr eshol §9Y¥8ched t he pressure within the lumen is inc?é@@%@mggﬁ
predeterm ned anmount to further stretch the opening by a controlled
anount. 25 12. The sizing catheter as recilted in claim11l, wherein the
predeterm ned anount is in the range between 25mtHg to 100mHg. 13. The
si zi ng cat hefyBlilaPshafte€bdrRdt 4 B85 db@eénandle reldtive e theil ot Ry aki8 Oif BRAYBElar
mar ki ngs affixed to the tubular shaft proximate the dilation balloon. 30
14. The sizishgfticat heter as recited in claim 10, wherein the distal end of
the WD 01/ 37897 PCT/ US00/ 42278 -11 tubul ar shaft is bent at a 45 degree
angle relative to the longitudinal axis of the tubular shaft. 15. The

si zing catheter ag recy 1 I . i i I i 5
constructed of anﬁ%xpggégg?ggB%F@%%%ﬁg?gﬁhﬁﬁghgﬂ??ﬁggkg %@Q?mgﬁt@ggPﬁgd in
cl ai m 30, whemeinittddf slidxphndableq@iymean is constructed of pol yurethane. 10
17. The sizing catheter as recited in claim210, wherein the ports includes
a series of ports aligned in a spiral fashion around the circunference of

the tubul ar shaft. 1 A.nmet hod of det.er,m njn Size.o i.nternal .
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a) providin Eq@&' _an el ongated balloon for sizing a

predeterningﬁﬁmﬁﬁ%gﬁﬁzklope%?ﬁb of a patient, said elongated balloon being

constructed of a thin expandable plastic and being inflatable to thereby

approximate a size of the predeterm ned .qQpening; b) positioning. the

el ongdfed bal | oonlwi t hihs si%iae Bﬁ‘téﬁé"t@rﬁﬁlﬁfédn Ggéﬂiqﬁg‘,’v}‘e‘?ﬂ‘ &5 perteHickisles ge
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ball oon to an In on suc at the

18. A method of determining a size of an internal opening or defect within a
patient, said method including the steps of:
15 a) providing a catheter having an elongated balloon for sizing a predetermined
internal opening of a patient, said elongated balloon being constructed of a thin

expandable plastic and being inflatable to thereby approximate a size of the predetermined

opening;
b) positioning the elongated balloon within the predetermined opening;
20 c) viewing the internal position of the elongated balloon; and

d) inflating said elongated balloon to an inflation threshold, such that the
elongated balloon deforms about the predetermined opening wherein fluid ceases flowing

between the elongated balloon and the opening.

25 19. The method as recited in claim 18, further including the step of determining
the size of the dilation balloon adjacent the predetermined opening once the inflation

threshold is reached.

20.  The method as recited in claim 18, wherein the step of positioning the
30 dilation balloon further includes positioning a longitudinal axis of the balloon relatively

perpendicular to a plane of the predetermined opening.



el ongat ed bal | oon deforns about the predeterm ned opening wherein fluid
ceases flowi ng between the elongated balloon and the opening. 25 19. The
nmet hod as recited in claim18, further including the step ni ng
the sizeWSOIBA7di | ation bal | oon adj acent the predeterm ne /Bgﬁﬁ?ﬁg]once
the inflation threshold is reached. 20. The nethod as recited in claim18,
wherein the step of positioning the 30 di-t%&ti on bal l oon further includes
positioning a |ongitudinal axis of the balloon relatively perpendicular to
a plane of the predeterm ned opening. WO 01/37897 PCTI USQOQ 42278 -12 21
The net hod according to claim18, wherein once the el ongated balloon is
inflated to the 2hfl allhemethodassotding forrizisaks, m@e@upemstgq: elopgated balloon is

bal | oon by a re ned a to further stretch t redet erm ned
openi ng o el Siafian erelt st a Bss g Ui b B BOS B et |
claim 21, t tg ff gﬁk %ﬁﬁ% i cond
stretched d getr?e&?élrﬂngglé“l %gﬂgt?hﬂgﬂhn%t i eg‘lgtt eg %0% al t%laé&c%estrt%?ﬁé&

di stalsend dfanfeedrd cat heter i ncl udes mar kers and said sizing catheter is

advanced t hrough the predeterm ned opening such that said markers nay be
utilized to determne a thickness dinension of the predeterm ned opening.

15 24. The net hog,as cit n im 20. erehn a dist end af, sai.d.
catheter i ncl uged nadRemstindAaErfah S A FbP Reflohidhs SRR o irPBubine: ne
predet er m nggl S%Q{fltﬁggsec§yd:§hgta§§dcﬁﬁhgefmr kers may be utilized to determ ne
a thickness dinension of the predeterm ned opening. 20 25. The nethod as

recited in claim18, further includi ng using echocardi ography to view the
i nternal position_of e el ongat ed 26, The nethod, as recited in

cl ai MA8, wherei #3a dilAFEsthodss Tl %d g’é?‘elrxn?"’h%r&m%ﬁ‘éﬁrﬁ@d? am Lealhgiedd when
the inflatign gﬁngl QEH@ ted

22, further mé%g I'ng t g?iéaéssatq(gp 0 qﬁ??%é%%cgg%a?@ggg ?;Eﬁi)é rreasduérbeﬁin%

si ze of t hesshahatdaisitmaikelsatdaybantiized to determine a thickness dimension of the

predetermined opening.

15 24. The method as recited in claim 20, wherein a distal end of said catheter
includes markers and said sizing catheter is advanced through the predetermined opening
such that said markers may be utilized to determine a thickness dimension of the

predetermined opening.

20 25.  The method as recited in claim 18, further including using

echocardiography to view the internal position of the elongated balloon.

26.  The method as recited in claim 18, wherein a diameter of the predetermined
opening is measured when the inflation threshold is reached.
25
27.  The method as recited in claim 22, further including the step of using

echocardiography to measure the size of the second stretched diameter.



