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(57) L invention est un dispositif vaso-occlusif, ou
dispositif de formation d’embolie ou exceptionellement
flexible, ultrasoupe. Il est fait dans un matériau
impenetrable aux radiations qui peut €tre une tresse
(200), un enroulement (100) ou une chaine (600) qui
forme un dispositif long, mince, analogue a un fil
presentant peu de rigidite ou reésistance au flambage. Le
diametre du dispositif peut €tre inférieur a environ 0,010
pouce. La matiere filamenteuse, constituant le dispositit,
utilis€ée pour former 1’enroulement (100), la tresse (200)
ou la chaine (600), est géné¢ralement dun diametre
inferieur a environ 0,002 pouce. Le dispositif est
suffisament souple et petit pour qu’il puisse €tre amene
hydrauliquement sur un site dans le systeme vasculaire
du corps humain au moyen d’un medicament mjecteé ou
¢coulement de fluide par 1'interméediaire d’un cathéter
(512). Dans certaines configurations, le dispositif peut
¢tre amene meécaniquement a 1’aide de poussoirs
(504, 512) par I'intermédiaire du lumen du cathéter.
Diverses connexions mecaniques peuvent €tre utilisees
pour détacher I’enroulement, mais une simple connexion
d’un metal dissemblable est souhaitable pour permettre

la s€paration ¢lectrolytique lors de 1’application d une
faible tension (Figs. SA, 5B).
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(57) This invention 1s an exceptionally flexible, ultrasoft
vaso-occlusive or embolism forming device. It 1s made
of radiopaque material which may be a braid (200), coil
(100); or chain (600) which forms a long, thin thread-like
device having little rigidity or column strength. The
diameter of the device may be less than about 0.010
inches. The filamentary material making up the device
used to form the coil (100), braid (200), or chain (600) 1s
typically of a diameter less than about 0.002 inches. The
device 1s sufficiently flexible and small that 1t maybe
hydraulically delivered to a site within the vasculature of
the human body using an injected drug or fluid flush
through a catheter (512). In some configurations, the
device may be delivered using pushers (504, 512) to
mechanically deliver the device through the catheter
lumen. Various mechanical connections may be used to
sever the coil by a simple connection of a dissimilar
metal to allow electrolytic separation upon application of
small voltage 1s desirable (Figs 5A, 5B).




e o mn, W L (VT Lt em e LRy T D S
N il e = 3 d st O b De =i A W D T RN
. 3 .

e S T e e =W L At P T A
. A g . S A S VRS

B S i St e et s e e pe B TR s
: R0 . ta
-4(._." 'F.q.q-......-”’ R -y -;..v..(."._. %0 oo Mgy Vo lo Piqet o amas
- . " "-
. i ) \
' .

R s T R T
. s » - . Y.
e Tkt N T AL,

TN, o e
el T d

PR VR I N e BRI
iy A iy gl ~ AN W P

RTRIUR R , A o i SN T B o e TP i IR
-t . ek L. > ‘. rp . - . LR
o F e 8T IR AN Y e A mhnis A I SR Tl

‘w Mcm ‘r‘.
f’,..‘v;‘(\'{h"

2127713

PCI‘ WORLD INTELLECTUAL PROPERTY ORGANIZATION
Internationat Bureau

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(11) International Publication Number: %LWO 94/10936 '

(43} International Publication Date: 26 May 1994 (26.05.94)

(51) International Patent Classification S .

A61¥ 2/00

(21) International Application Number: PCT/US93/09914 | (72) Inventors; and
~ (75) Inventors/Applicants (for US only) : BERENSTEIN, Ale-
(22) International Filing Date: 15 October 1993 (15.10.93) jandro {US/US]J; 1725 York Avenue, #22F, New York,
NY 10128 (US). SEPETKA, Ivan [US/US]; 1148 17th
(30) Priority data: Avenue, Redwood City, CA 94063 (US). CHEE, U., Hi-
07/978,320 18 November 1992 (18.11.92) US ram [US/US}; 127 Dolton Avenue, San Carlos, CA
94030 (US). ZENZEN, Wendy [US/US]; 1568 Valley
- (60) Parent Application or Grant Crest Drive, San Jose, CA 95131 (US).
(63) Related by Continuation
US 07/978,320 (CIP) | (74) Agents: WHEELOCK, E., Thomas et al.; Morrison & Fo-
Filed on 18 November 1992 (18.11.92) erster, 755 Page Mill Road, Palo Alto, CA 94304-1018
(US).
(71) Applicants (for all designated States except US): TARGET '
THERAPEUTICS, INC. [US/US]); 47201 Lakeview| (81) Designated States: AT, AU, BB, BG, BR, BY, CA, CH,
Boulevard, P.O. Box 5120, Fremont, CA 94537-5120 CZ, DE, DK, ES, FI, GB, HU, JP, KP, KR, KZ, LK,
(US). NEW YORK UNIVERSITY [US/US]; 550 First LU, LV, MG, MN, MW, NL, NO, NZ, PL, PT, RO,

Avenue, New York, NY 10016 (US). RU, SD, SE, SK, UA, US, UZ, VN, European patent |

(AT, BE, CH, DE, DK, ES, FR, GB, GR, IE, IT, LU,
| MC, NL, PT, SE), OAPI patent (BF, BJ, CF, CG, CI, |
| CM, GA, GN, ML, MR, NE, SN, TD, TG).

Published
With international search report.
Before the expiration of the time limit for amending the
claims and to be republished in the event of the receipt of |
amendments.

—p——

gt T

(54) Title: ULTRASOFT EMBOLISM DEVICES AND PROCESS FOR USING

| i ~ , ..
. S P . . 108
6 ERRRRRRRRRPPRRRLRRRPPPPRRRIGIIPRPRRIAAA IS, PRRPPRARPPPGRRRRLD —=

)
108 -

100

(57) Abstract

This invention is an exceptionally flexible, ultrasoft vaso-occlusive or embolism forming device. It is made of radiopaque

o material which may be a braid (200), coil (100), or chain (606) which forms a long, thin thread-like device having httle rigidity or
| column strength. The diameter of the device may be less than about 0.010 inches. The filamentary material making up the device

used to form the coil (100), braid (200), or chain (600) is typically of a diameter less than about 0.002 inches. The device is suffi-

_ciently flexible and small that it may be hydraulically delivered to a site within the vasculature of the human body using an inject-

ed drug or fluid flush through a catheter (512). In some configurations, the device may be delivered using pushers (504, 512) to
mechanically deliver the device through the catheter lumen. Various mechanical connections may be used to sever the coil by a
simple connection of a dissimilar metal to allow electrolytic separation upon application of small voltage is desirable (Figs A,

5B).
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ULTRASOFT EMBOLISM DEVICES AND PROCESS FOR USING

10
Field of the Invention
This invention is an exceptionally flexible,
ultrasoft vaso-occlusive or embolism forming device. It
, is,made'of a radiopague material which may be a braid,

15 'coil, or chain which forms'a long, thin threadlike device
having llttle rlgldlty or column strength. The diameter
of the deV1ce'may be 1ess than about 0.010 inches. The |
:fllamentary'materlalmaklng up the device used to form

, ._the coil, brald, or chaln is typlcally of a diameter less
20 ' than about 0.002 1nches. The device 15 suff1c1ent1y

' flexlble and small that it may be hydraullcally dellvered

"to a 51te W1th1n the asculature of the human body using
' an 1n3ected drug or fluld flush through a catheter. In
  some conflguratlons, the deV1ce may be delivered using

.'25",pushers tO‘mechanlcally dellver the dev1ce through the

 -catheter lumen. VarlouS‘mechanlcal connectlons'may be
-'used to sever the coxl but a 81mple connectlon of a

_d1551m11ar metal to allow'electrolytlc separatlon upon
'appllcatlon of a small vo‘tage is desirable. The device

- 30.t:assumes a randomumass of threadllkermaterlal after being

‘_ejected frcmwthe catheter tlp at the chosen vascular

 '  51te..Whenthe deV1ce 15 a coll the coil may be a
, ;51ng1e or of multlple hellces. The deV1ce (whether coil
  -or brald or chaln) may be used alone or in conjunctlon

' 35'f w1th 1arger COllS or braids to achleve a denser occlusion
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or with fibrous thrombotic attachments or as a substrate
to localize the subsequent infusion of tissue adhesives,

particulate embolization devices, or chemotherapeutic
agents in abnormal blood vessels and tissues. The device

may be used for the temporary occlusion of blood vessels

during types of diminished blood flow testing. The
invention also includes processes for introducing the

devices into the human body.

BACKGROUND OF THE INVENTION

Endovascular therapy has been used in treating
a variety of different conditions, including control of
internal bleeding, occlusion of blood supply to tumors,

and relief of vessel wall pressure 1n the region of
aneurysm. A variety of different embolic agents are

known as arguably suitable for such therapy.

. - One known embolic agent includes injectable
flulds or suspensmons, such as microfibrillar collagen,
var;ous polymeric beads, and polyvinyl alcohol foan. The
polymeric agents may be addltlonally crosslinked,
‘sometimes in vivo, to extend the,perslstence of the agent
‘at the de51red vascular SLte.w'These agents are often
1ntroduced 1nto the vasculature through a catheter.
.After such 1ntroductlon, materlals there form a solid

-spacewfllllng'mass.  Although'they prQV1de good short-
*term.vaso-occlusion, they are ultimately reabsorbed in

the process of'vessel recanalzzatlon.

Polymer r351ns, typlcally cyanoacrylates, are

 also employed as injectable ‘vaso-occlusive materials. The

30 '.reslns are typ10811Y“leEd with a radio-opaque contrast

"'fpcwder._ Their usels :'fraught with probl‘ems in that

placement of thefmlxture 1s qulte difficult. Inadvertent

,:embollsms in normal vasculature (due to the inability of
_'controlllng the destlnatlon of the pre-gelled resins) 1s
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not altogether uncommon. The materiai is also difficult

or impossible to retrieve once it has been placed in the
vasculature. Such resins have not been FDA approved, and

a waiver must be requested in each instance where the
materials are applied during human operative procedures.
A number of mechanical vaso-occlusive devices

are widely used. One such device is a balloon which may
be carried to the vessel site at the end of the catheter
and there inflated with a suitable fluid, typically a
polymerizable resin, and released from the end of the
catheter. The balloon device has the advantage that it
effectively fillsthe cross—section of the occluded
vessel. However, when using intravascular balloon
embolization of intracranial berry aneurysms, inflation

- of a balloon into the aneurysm carries some risk of

aneurysm rupture due to possible "overfilling" of
portions of the sac and due to the traction produced when
detaching the ballOOn from the end of‘the catheter.
ZMoreover, a vascular balloon is difficult to retrieve

after the reszn w1th1n the balloon sets up, and the
’balloon cannot be easxly visualized using radiographic

technlques unless it 1s fllled'Wlth contrast material.

‘Balloons have also been known to rupture during filling,
- or release prematurely during fllllng, or leak monomeric

re51n 1nto the vasculature durlng the perlod before the

monomer eets up 1nto-polymer1c forn.
Another type of‘mechanlcal'vaso~occlu51ve

_devxce is a w1re c011 or brald whlch can be introduced
'through a catheter 1n stretched linear form and assumes

an irregular shape upon dlscharge of the device from the

‘end of the catheter. ‘A'varlety of V&SO*OCCluSlVe coils

and bralds are known. For 1nstance,‘U'S. Patent
4, 994,069, to.thchart et al., shows a flexible,
preferably 0011ed,'W1re for use in small vessel vaso-

- occlusion. Unlike vaso-occlusive coils previously,
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Ritchart et al. teaches a coil which is fairly soft and
is delivered to the site using a pusher within a catheter
lumen. The Ritchart et al. coils are typically pushed

Upon discharge from the catheter, the coil may .undertake
any of a number of random or regular configurations
designed to £ill the site. The coils are used for small
vessel sites, e.g., 0.5-6 mm in diameter. The coils
+themselves are said to be between 0.010 and 0.030 inches
in diameter. The length of the coiled wire is typically
15=-20 times the diameter of the vessel to be occluded.
The wire used to make up the coils may be 0.002 to 0.006
inches in diameter. Tungsten, platinum, and gold threads
or wires are said to be preferred. These colls have a
variety of benefits, including the fact that they are
relatively permanent, they can be easily imaged
radiographically, they may be located at a well-defined

,veesel site, and they can be retrleved.

A.varlatlon of the mechanlcal endovascular coil

- 1is the electrolytlcally detached endovascular coil
.descrlbed ln U S. Patent 5, 122,132, to Guglielmi et al.
  Gug11e1ml s coils are typlcally used in intracranial
o aneurysms because of their effectzveness in guickly
,'forming controlled emboll._ The dleclosed colils are

-.‘81m11ar to those of thchart et al. in size and in
 compos1t1on. However,.the method of introducing the coil

"'to the vascular 91te 1s somewhat different. Rather than

- mechanlcally thrustlng the COll into the chosen site, the
 coil is placed at the 51te and a small voltage is applied

to the gu1dew1re supportlng the coil so that the COll 1s

, e1ectro1yt1cally detached from.the distal tip of the
' 'gu1dew1re., The step of electrolytlcally detaching the
- coil has the added beneflt of formlng a thrombus as the

- '1co11 1s detached..‘Agaln, as noted above, the Guglielmi

35

- 'co1ls‘may be stainless steel or platinum or the like, and
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are typically 0.010 to 0.020 inches in diameter and are
made using wire having approximate diameters of 0.001 to
0.005 inches. The coils in this service are typically

between 1 and 50 centimeters in length.
None of this background shows embolism~-forming

coils, braids, or chains having diameters less than about
0.010 inches in diameter, nor their placement by fluid

delivery through a catheter.

SUMMARY OF THE INVENTION

This 1nvent10n is an exceptionally flexxble,
ultrasoft vaso-occlusive or embolism device. It may be a
braid, coil, or;Chaih and is made of a radiopaque
material fOrming a long, thin threadlike device having
little rlgldlty or column strength. The diameter of the
dev1ce may be less than about 0.010 ‘inches, preferably
less than about 0.0075 inches in diameter. The wire
maklng up-the device is typlcally of a diameter less than

‘about 0.002 1nches.  The device is suffmczently flexible
_and small that 1t'may be hydraullcally delivered to a

sate'w1th1n the'vasculature of the human body using a

 ,catheter.- The dev1ce'may be'mechanlcally delivered using

a pusher W1re., The deV1ce5'may'be severed from the
pusher wlre‘u31ng a mechanlcal or electrolytlc

f connect1on._ Because of ‘their flexibility and size, there
is llttle opportunlty for frlctlon to develop with the

catheter lumen. o
' hese deV1ceS*may'be used with guide wire -

'”dlrected catheters and'wlth flow directed catheters, even

those'whlch are'very flexlble in their dlstal reglons.

 .Th1s 1nventlon prov1des opportunltles for placement of
< embol1sm~form1ng dev1ces in vascular regions otherwise
 not routlnely acce551ble due to thelr remote nature.

. ! The dev1ce typlcally assumes a loose, random
'mass after belng ejected from the catheter tip at the
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selected vascular site. When introduced into a high flow
region, the mass gquickly compacts into a significantly
denser mass. The device, whether coil, braid, or chain,
may be used in conjunction with larger coils, braids,or
chains to achieve a denser occlusion or as a substrate to
localize the subsequent infusion of tissue adhesives,
particulate embolization devices, Or chemotherapeutic
agents in abnormal blood vessels and tissues, or for the
temporary occlusion of blood vessels during types of
diminished blood flow testing. The device may be coated
with thrombotic or therapeutic materials or used in
conjunction with fibrous embolic additions to the device.
The invention also include processes for introducing the

devices into the human body.
This invention'is also a method for first

introducing a larger vaso-occlusive device, such as a
c01l to the vascular site desired by the attending
phy5101an, followed by the introduction of the inventive

‘device so as to fill the interstices left by the larger

coils and thereby form a denser occlusaon. The devices
may also be 1ntroduced by themselves, if so desired.

RIE ESCR P '"TON_OF h JRAWINGS
Flgure 1A_shows an enlarged 31de view of a coil

made accordlng to this 1nvent10n.

Flgure 1B shows an enlarged side view of a

“double helix coil made according to the invention.

Flgure 2 shows an enlarged side view of a braid

made according to thls invention.
Flgure 3 shows an enlarged side view of a

comblnatlon coil and braid made accordlng to this

lnventlon. .
Figure 4 is a close-up drawing of a variation

of the Figure 3 device in which a braided material is

woven on the'outside of the coil.
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Figqures SA and 5B are close-up Views of ends of

coils made to use electrolytic separation from a wire

pusher.
Figure 6A shows an enlarged side view of a

chain made according to this invention and Figures 6B and
6C show an inventive chain having attached fibrous

material.
Figure 7 is a clinical set-up which may be used

hydraulically to introduce the coils into the

vasculature.
Flgure 8 shows a method for mechanically

introducing one or more of the inventive devices into the

vasculature.
Figure 9 1is a graph comparing deflection versus

extension for three c0119, one coil made according to
this 1nventlon and two commer01ally available embolism

coils made generally accordlng to the prior art.

ESCRIPTION OF THE INVENTION

D
. 'DESCRIPTION OF ML JBVASL- 2=
Flgure 1A shows a coil (100) ‘made according to

.thls 1nventlon._ It is a falrly straightforward device
'typlcally formed by“wrapplng or'W1nding a fine filament

or W1re (102), preferably'haV1ng a dlameter (104) less

fthan about 0 0025 1nches, preferably 0. 00045 to about
0. 00225 1nches, more preferably about 0. 0005 to 0.002

lnches,'most preferably about 0.001 to 0.002 inches,
about a splnnlng'mandrel usmng well=known coil-

$ manufactur1ng technlques.-.Aseparate end cap (108) or
termination plece may be included at the end of the coil.

'Q The termlnator (108) may be a separate piece or a fused

portlon of the 0011 or a bit of a filled material such as

'  an epoxy.‘ The major functlon of the end.plece is to
- prevent the 0011 from catchlng on the interior of the
 catheter lumen or vessel.' However, it is acceptable for
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devices of this size to simply cut the coil ends and not

use a terminator (108).
In producing the coil, the coil-manufacturing

method is adjusted to produce a single-layer coil
typically with a minimum helical pitch, that is to say,
the windings are fairly closely packed. Typically, the
mandrel will be of such a diameter that the outside coil
diameter (106) will be less than 0.010 inches, preferably
0.0014 to 0.0095 inches, more preferably between 0.004
and 0.0095 inches,'and most preferably between 0.004 and
0.0075 inches. The soft, flexible coil thus produced is
cut to desired lengths_after removal from the mandrel.

We have found that the device is especially suitable for
the noted service when the device (coil, braid, or
combination) defleCts more than about 20° (preferably
more than about 35°) under its own weight over the first

centlmeter of length,.when supported at a single end.

The length,of the c011 may be between 2 mm and 120 cm,
| typlcally between 30 cm and 120 cm.

Instead of the fllament shown in Figures 1A and

lB, the c011 may be produced from,a rlbbon'whose ma’jor

ax1s 1s between 0 001 and 0 002 1nches and whose minor

:axls is 0 0004 and 0 001 1nches._ Coils preoduced from
 r1bbons are often moderately stlffer than those produced
*-from.51mllarly szzed fllaments. Smaller dlameter coils

".;are often‘more readlly produced.

30

The regularlty of'wlndlng shown in Figure 1A is

"not mandatory, the'w1nd1ngS'may be irregular or of
"varylng pltCh. The c011 (100) shown in Flgure 12 and 1B
'(and the varlatlons of the invention which are described

ff. be1ow)'may be'produced from.any of a number of different
7jmater1als.; Some portlon of the material must be

”radlopaque'so that the c011 and 1ts posztlon'may be
’readlly'monltored'wlthln the human vasculature. Suitable

materlals 1nc1ude blocompatlble‘metals, polymers, and

$
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alloys. For instance, biocompatible, radidpaque metals
include silver, gold, palladium, platinum, tungsten,
iridium, and various stainless steels. Other alloys such
as platinum and tungsten (preferably 92% platinum and 8%
tungsten) are suitable and, indeed, are often most
preferred. The platinum-tungsten alloys desirably have a
tensile strength of at least about 180 kpsi and, for a
wire of a nominal 0.001" diameter, have a breaking load
of 0.17 lb with a minimum elongation of 2% measured at a
speed of 1.0 in/min. Various biocompatible polymers
including polyethylene, polyurethane, polypropylene, and
the like are suitable for use in these devices, but,
because of their lack of radiopacity, must usually be
teamed with a radiopague marker or filled with a
radiopaque filler to allow proper positioning of the coil
'Wlthln the body. Similarly, other inorganic materials

-such as flbrous carbon are sultable and may be used in

the invention.
' .After formatlon of the coil, its interior may

be fllled'w1th a drug“materlal such as a drug concentrate

‘and its ends partxally sealed for slow drug release from

the coil in an in vzvo aqueous environment. The ends of

- the coil may be.sealed‘by.a‘waterwsoluble plug for
 storage, if so desired. The coil may also ( or
"alternatiVely)“be coatedfwith a thrombotic or medicinal

‘Figure7138hows a double helix coil made

'.~according to the invention. In this variation, a first
coil (110) 13'wound along with a second coil (112). One

of the coils is a fine W1re; the second coil may also be

a wire or 1t'may be a partlally hardened fibrous
material, e. g.,'a‘materlal-or synthetic fiber, such as

'Dacron or 511k or other thrombotlcfmaterlal. The double

'hellx'meta111C‘wire cozlsfmade according to this
.varlatlon of the 1nvent10n.are'made using the procedure
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discussed elsewhere in this document. The double helix
coile in which the second coil is a material or synthetic
fiber, typically requires sone modest heat treatment
after winding to set the fiber in the form of its
metallic spring colleague. For Dacron or silk, this may
be done by steamlng the wound spring at reasonably low
temperatures, €.9., 300°F or SO, to form the fiber

without fusing it.
Figure 2 shows a braided (or otherwise) woven

vagso-occlusive device (200) made according to the
invention. The braided occlusive device (200) is tubular
and produced by weavxng fibers or wires over a mandrel

much in the same.way the coil of Figure 1 was made.
Woven bralds of this size are not common but are made

according to known techniques. The wire or fibers in

' this variation of the invention may be any of the
.radlopaque or polymerlc'materlals noted above, and

addltlonally the brald may be made of a ‘combination of

.those materlals elther alone or in combination with other

' sultable polymerlc or fllamentary'materlals such as

'-Dacron, cotton,,or other materials. Organic fibers such

- as silk, Dacron, or cotton,provide a ready substrate for
:clot formatlon in the 1nterlor reglon of a vessel. Often

 .the radlopaque portlon of the coil prOV1des only a way to
‘anchor the c011 onto the vessel'wall at.the site of

The Flgure 2 brald oY woven deV1ce (200) is of

 a dlameter (204) 31m11ar to the coil (106) in Figure 1.

The brald@may have a termlnatlon piece or section (204)

similar in constltutlon to the analogous portlon shown 1n
'Flgure 1 above.' The 1ength of the braid may similarly be

1.2 mm.to 120 cm.

35

Flgure 3 shows a side view of a combination

. coil/brald'vaso~occlu51ve device according to the
“invention. Thls comblnatlon is a sequence of coils (302)
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 al. or as is dlscussed elsewhere in this document. The

 gu1de'w1re (504) typlcally has a diameter of 0.010 to
"0,020 inches dlameter 1n the portlon more proximal of the

- 35" portlon shown in the draw1ngo In the Figure 5A portion,
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and braids (304) similar in make~up and size as the
devices shown in Figures 1 and 2. Lengths of various
coils (302) and braids (304), each often 2 mm to 20 cm in
length, are joined together at their respective ends to
form the combination device. The overall length.of the
device, as with those above, may be 2 mm to 120 cm. The
device may also have caps or termination pieces (306) on

the ends of the device.
Figure 4 shows another variation of a

coil/braid combination (400). In this variation,

‘however, as is shown by the cutaway insert, the substrate

coil is identical to the coil shown in Figure 1 herein.
The braid is woven on the exterior of the coil. In this
instance, the braid is more desirably a fibrous material
such as Dacron, or cotton. The braid may, however, be a
radiopaque material such as the metals and alloys and

- polymers discussed above. The brald may be joined by

'weldlng,'meltlng, or by adhesxon to the underlying coil

(402) . - _
Fxgures 5A and 5B show in partial cutaway, side

- views of coils whlch may ‘be dellvered using a pusher such

as a gulde*wlre and may be detached electrolytically
u31ng a procedure, such as that found in Guglielmi et al.

. as dlscussed above.
25

i Flgure 5A.ls a very enlarged 31de'v1ew of one
-embodlment of thls 1nvent10n in whlch the gulide wire

'-(504) and a portlon of the oil,of (506) are shown in a

- partial cross sectional view. A guide wire (504) which
rmay be coated'wlth TEFLON or other suitable 1nsu1at1ng

'materlal, whlch coatlng 1s not shown,'may be placed
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guide wire (504) is tapered at its distal end to a.point
(508) within coil (506). Guide wire (504) may be joined
at one or more locations, e.g., joint (510) at the distal
end or joint (512) proximai of the distal end. These
joints (510) and (512) may be made by soldering or the

like.
Figure 5B shows a similar coil guide wire

assembly (502) in which a similar guide wire (516) is
introduced actually axially within coil (506). The guide
wire (516), in this variation, tapers guickly to a very
fine wire portion of (518). The most distal portion of a

(520) . Preferably a second joint (522) is made at the
proximal end of fine wire (518). This variation of the
invention permits substantially greater flexibility than
the variation shown in Figure 5A, at least for the region
distal of joint~(522).' However, the safety factor
inherent in having‘two joints fixing the guide wire or

'core'W1re (516) remaln in existence.

Because of the 51gn1f1cant lack of coiumn

5B, it'maybedesirablein some‘instances to introduce
the coil notionly-using'respectively guide wires (504) 1in

~Figure 5A and guide~wire-(516) in Figure 5B as pushers,
but also to'move these coils along through the lumen of

the catheter uslng an an01llary saline hydraulic push.

The coils of (506) are detached from the respective guide
.wlres (504) and (516) by 1mposit10n of a direct current

30

to the gulde wxres from a power supply exterior to the

body. The current flow'fram'the coils of (506)‘W1th1n

the vasculature 51te causes a thrombus to form by

~electrothromb051s. Typically, a DC electric current of
'approxlmately 0 01 to 2'm1111amps at 0.1 to 12 volts as

-' appl1ed to the gulde'W1re. The thrombus forms often

35

within three to five minutes after the imposition of such
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a voltage. The voltage flows down the guide wire through
the insertion means, e.g., the respective conductive
joints (e.g., (510) and {512) in Figure 5A and (520) and
(522) in Figure 5B) and through the blood or thrombus.
The circuit is completed by a negative pole placed in
contact with the skin. The coil is detached from the
guide wire by electrolytic decomposition of either the

joints or some section of the guide wire. For a ceoil as
small as or involved in these inventive devices, the

place in 1eSsthan four minutes. The time of
disintegration‘may obviously be varied by altering the
size of the various portions of the guide wire and the
area of the gulde wire exposed beyond the insulation.
The current level may be altered or the flow of
conductive fluids such as saline solution may be

1ntroduced to enhance the electroly51s rate.
- Flgure GALshows a side view of a chain made

- according to the 1nventlon.. Chain (600) is produced
~ using typlcal chalnﬂmaklng techniques. Chains of this
'51ze are not common but are ea51ly'made accordlng to
~ known technlques., The'W1re or fibers in this variation

of the 1nventlon‘may be any of the radlopaque or
..polymer1C‘mater1als noted above. | Addltlonally the chain

may befmade of a comblnatlon of those'materials either
alone or 1n comblnation W1th other ‘suitable polymeric or

"?filamentary'materials such as Dacron, cotton, or other
_)materlals,- organlc flbers such as silk Dacron, oY
°'cotton prOV1de a ready substrate for clot formation in

the interior reglon of a'vessel. The Figure 6A chain

 'dev1ce (600) 15 of a dlameter similar to the coil (106)
 in Figure 1. T he length of the chain may similarly be 2

'?mm to 120 cm.  . ,

Flgure 6B shows a Slde view of a chain (600) as

shown in Flgure GA but havzng suitable polymeric
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filaments (602) such as Dacron, cotton, Or other
materials tied to the chain. Organic fibers such as
silk, Dacron, or cotton provide a ready substrate Ior

clot formation in the interior region of a vessel. The

- Figure 6B fibers (602) are looped from spot to, spot on

the chain.
Figure 6C shows a side view of a chain (600) as

shown in Figure 6A but having polymeric filaments (604)
such as discussed above tied to the chain 1n a brush-like

fashion.
Each of the variations discussed above, when

provided in the proper size range and materials, is an
extremely soft and flexible device, whether the device be
coll or braid or chain. These devices exert little 1if
any radial force on the blood vessels into which they are

- placed. They are sufficiently flexible and small that

they may be carried by'blood-flow after ejection from the
distal tip of the catheter‘by'which they are introduced
to a narrowing region in the vascular lumen where the
deV1ce‘wedges or rolls upon. 1tself and wedges within the

~ blood vessel. The fluid-like properties of the device

o enables it to conform to the complex geometry of certain

25

30
;:_amount of “preform " By “preform“ is meant the practlce'

.'found in thchart et al. dlscussed above, where the coil
- is bent or crlmped ln such a way that it assumes a
_nonllnear shape only after 1t QXltS the catheter lumen

35 but passes-through the lumen with ease. Such a treatment

_'fraglle,.abnormal blood vessels, and in so doing,
[mlnlmlze the rlsk of causing trauma to or even
*;perforatlon of those blood.veesels.~ such flow properties
j.also enable placement of the 1nvent1ve device at sites in
'the'vasculature currently unreachable by catheterization,
,such as those'W1th1n an arterlovenaus‘malformatlon {AVM) .

R ~‘A1though the deV1ce 13'very flexible in all of
1ts conflguratlons, 1t‘may be produced having a modest
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provides some additional randomness when the coil is
placed at its intended site within the wvasculature.
Figure 7 shows a setup for hydraulically

delivering the devices of this invention to a vascular
site. In this instance, the devices -- coils are
depicted -- are held in an introducer sheath (702) and
delivered through a catheter (712) to the desired site
motivated by a syringe (704), containing a suitable
fluid. The proximal end (706) of the introducer sheath
(702) is connected to the fluid~-containing syringe. The
distal end (708) of the introducer sheath (702) 1is
introduced to the catheter sidearm accessory (710). The

- lumen in catheter assembly (712) has been previously

cleared of guidewires and other interior constrictions.
The plunger on syringe (704) is simply pushed down, and
the device within introducer sheath (702) is carried down
through catheter (712) to the injection site. After the |

',dev1ce is 1njected teo the de31red site, additional

dev;ces*may be 1njected by swapplng another introducer

sheath (702) with 1ts related dev1ce.
Thls procedure may be carrled out after the

| catheter has been used to introduce coils of larger size
" to a partlcular 51te. The later introduction of the

deV1ces of thls 1nvent10n'w;ll enhance the thrombotic

,'potentlal of the earllermlntroduced coil in that the
- 1nvent1ve deV1ceS'will tend to fill the interstices left

'.by the larger coils and achieve a more densely packed

. occlusxon site..'A .

Flgure 8 shows a set-up for delivering coils

(820) to a vascular site using a guide wire (822) as a

pusher. This arrangement uses a catheter (812)
-optlonally in conjunctlon'w1th a syringe (804) containing
a sultable'motlvatlng fluld such as saline solution. At
'the proxxmal end in this varlatlon, the optional syringe

is attached directly to the catheter hub (810) . The
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guide wire (822) in this variation is shown both
extending distally out of the catheter (812) and
proximally out of the catheter fitting. A torque device
(824) for steering the Quidewire or core wire (822) may
also be seen. Core wire (822) is in turn attached to
power supply.(826) at its positive terminal. The
negative terminal'of power supply (826) is in turn
attached to a pad (828) which is applied to the skin to
provide a complete circuit to the power supply. The
current flows through guide wire (822) to the junction
between guide wire (822) and coil (820) (explained in
'more~detailvwith'regards-to Figures 5A and 5B above)
through the thrombus or blood, through the skin back to
the pad (828),'and,then-to the power supply. This 1is
used both'to create thrombi and to electrolytically sever

.c011 (820) from.core w1re (822) .

Addltlonally, these processes may include the

'F step of 1ntroduo1ng polymer re51ns, such as cyanoacrylate
 res1ns (partlcularly n-butylcyanoacrylate) to the

1ntended s1te after the 1nventive cozls, bralds, and

_”'chalns are 1n place.f said another“way, the inventive
jtdeV1ces form a substrate for these tlssue adhesives, or

.-of.partlculate embollzatlon materlals such.as microparticles
. of p01YV1nyl alcohol foam, or various chemotherapeutlc

25

7,agents.” The: catheters sultable for use in introducing
‘ these deV1ces are dlscussed in 51gniflcant detail in U.S.

-"',[Patent 4 994,069, to Ritchart et al., as was discussed

i aboveo .

30

:EEE&EE&L_

Thls example demonstrates the significant

a dlfference between a preferred embodxment of this

' ' 1nvent1ve coxl and 51m11ar commercial coxls of the type

..,35 .
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discussed in Ritchart et al. The example shows how much
more flexible is the inventive cecil than the other coils.

Three coils were measured. Coil A was a coil
made according to the invention. Coils B and C are

commercially available from Target Therapeutics ..
Incorporated for a variety of uses. The coils’ physical

&

descriptions are as follows.

oIy .‘_..M. #..,_. _;..,..._,.....‘_ R N N Al =L e """l"-"""‘-" ....-.h—uo-qw 'T.W"HW q-&nq—l-u-.-.--pﬂ ..

TABLE I

L9 COTL_ COIL 0.D. WIRE Dia._ _PITCH
| o.o01"® 0. 001"

' . . : ' . ] . '- . | 0.002+"o |
15 0.003" 0.003"

(physlcally stretched “before measurlng)

..'-u'.'.'..o’.uu-

P —" pe— e RPN el S o e ot A s 4. = b e

m’.oa--——.'.-ﬂ-ﬂ--'-v. ,
A '

, An 1ntroducer, a tapered 1ength of tubing
_ 'haV1ng an lnSlde dlemeter of 0. 010 inches, was taped to
20 an angle template taken fromtan optlcal comparator. The
-‘re5pect1ve 00115'were placed w1th1n the introducer and
.‘allowed.to extend from the tlp of the 1ntroducer at
' u'var1ous 1engths.. The 00115'were extended to 1.0 cm and
beyond.. The 1ntroducer was held level and the angle

”25 ‘between the tlp of the 1ntroducer and the end of the coil

'fwas measured as a functlon.of the length of the coil
o extendlng from the 1ntroducer. ‘The results of the tests
 are shown in Table II below'and in Figure 6.

.30.

35
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- ”the COll o are averages of a number of measurements of

COIL =

| extension

The deplcted data for the inventive Coil A and

-'-,SLmllar coils.

30

35

>’ The.re1ationship hetween the extension of the

in Flgure 6.. It is readily observed that, at a 10 mn

. extension, the angle of deflection for the inventive: coil

~ is about 50°. For the other coils, the deflection is
typlcally'only about 10% of that value. Consequently, it

may be understood that the bendlng radius of the
inventive coil is much smaller, the force needed to bend
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the coil is significantly smaller, and consequently the
coil will move through tortuous pathways both in the
vasculature and in the catheter with significantly more

ease than would be observed by the other coils.

Many alterations and modifications may be made
by those of ordinary skill in the art without departing
from the spirit and scope of the invention. The
illustrated embodiments have been shown only for purposes
of clarity and examples, and should not be taken as
limiting the invention as defined by the folloW1ng

claims, which include all equivalents, whether now or

later devised.



2127713

THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE
PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS:

1.- A flexible, vaso-occlusive device
comprising a coil having an outside diameter less than
about 0.010 inches, which is sufficiently flexible that a
one centimetef length of the coil supported horizontally
at one end will deflect more than about 20° under its own

weight.

2. The device of claim 1 comprising silver,
gold, palladium, platinum, tungsten, iridium, stainless

| steel, or alloys thereof.

3. The device of claim 2 comprising an aiioy
of platinum and tungsten. '

4. The device of clain.l comprising a
biocompatible polymer. |

5. The device of claim 4 where the
biocompatible polymer is filled with,a radiopaque
material.

6. The device of claim 4'additiona11y '
comprising a radiopaque marker.

7. The device of claim 1 where the coil is
regularly wound. - '

8. The device of claim 1 where the coil is
not regularly wound. '

9. The device of claim 1 where the outside
diameter is between 0.0014 inches but less than about
0.0095 inches. |
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10. The device of claim 9 where the outside

diameter is between 0.004 inches but less than about
0.0095 inches.

l1l. The device of claim 10 where the outside.
diameter is between 0.004 and 0.0075 inches.

12. The device of claim 1 where the coil

comprises ‘a filament having a filament with a diameter of
less than about 0.0025 inches.

13. The device of claim 12 where the coil

comprises a filament having a diameter of between 0.00045
and less than 0.00225 inches.

14. The device of claim 13 where the coil

comprises a filament having a diameter of between 0. 0005 .
and 0.002 inches.

15. The device of claim 14 where the coil

comprises a filament haVing a diameter of between 0.001
and 0.002 inches.

16. The device of claim 2 where coil comprises
ribbon having a major axis of 0.001 to o. 002 inches and a
minor axis of 0.0005 to 0.001 inches.

17. The device of clain.l‘where the device
deflects'more than about 35° under its own weight when a

one centimeter length of the coil is supported
horizontally at one end. -

18. The device of claim 1 wvhere the length of
the device is between 2 mm.and 120 cm.
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19. The device of claim 13 where the length of
the device is between 30 cm and 120 cm.

20. The device of claim 1 having a preformed‘
shape.

21. The device of claim 2 additionally

comprising means for electrolytically detaching the
device from insertion means. ‘

22, Abradiopaque, flexible, vaso-occlusive

device comprising a platinum braid having an outside -
diameter less than about 0.010 inches.

23. The device of claim 22 where the device
comprises an alloy of platinum and tungsten.

’ 24. The device of clain‘zz'where the outszde
diameter is 0.0014 inches to about 0.0095 inches.

25. The device of claim 24 where the outside
diameter is 0.004 inches to about 0.0095 inches.

26. The devico'ot claim 25 where the outside
diameter is 0.004 to about 0.0075 inches.

27. The device of claim 22 where the braid

conprises'wire having a dianeter of less than about
0.0025 inches.

28. The device of claim 27 where the'braid

comprises wire having a diameter between 0.00045 and less
than 0.00225 inches..
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29. The device of élaim 28 where the braiad

comprises wire having a diameter of between.o 0005 and
0.002 1nches.

30. The device of claim 29 where the braid
comprises wire having a diameter of about 0.001 inches.

31. The device of claim.zz compr131ng both a
braid and a coil.

32. The device of claim 22 where the braid
comprises ribbon having a major axis between 0.001 and
0.002 inches and a minor axis is 0.0005 and 0.001 inches.

33. The device of claim 22 where the device
bends more than about 20° when one cm of the device is
held in a horizontal position.

34. The device of claim 33where'thedevicé‘
bends more than about 35° when one cm of the device is
held in a horizontal position.

35. The device of claim 22 where the length of
the device is between 2 mm and 120 cm.

36. The device of claim 35 where the length of
the device is between 30 cm and 120 cnm.

37. ‘A flexible, vaso-occlusive device

comprising a chain having an outside diameter less than
about 0.010 inches.

38. The device of claim 37 comprising silver,

gold, palladium, platinum, tungsten, iridiun, stainless
steel or alloys thereof.
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39. The device of claim 38 compriaing-an alloy
of platinun.gnd tungsten. -

40. The devico of clain.37 comprising a
biocompatible polymer.

41. The device of claim 40 where the
biocompatible polymer is tilled'with a radiopaque
material.

42. The device of claim 40 additionally
comprising a radiopaque marker. |

43. The device of claim 1 where the outside
diameter is between 0.0014 inches but less than about

0.0095 inches.

44. The device of claim 43 where the outside
diameter is between 0.004 inches but less than about

- 0.0098 inchec.

45. The device of claim 44 where the outside
diameter is between 0.004 and 0.0075 inches.

46. The device of claim 43 whére the chain
comprises a filament having a filament with a diameter of

.less than about 0.0025 inches.

47. The device of claim 46 where the chain
comprises a filament having a diameter of between 0.00045

and less than 0.00225 inches.

48, Tha'devico of ciain 47 where the chain
comprises a filament having a diameter of between 0.0005
and 0.002 inches.
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49. The device of claim 48 where the chain
comprises a filament having a diameter of between 0.0005
and 0.002 inches.

S0. The device of claim 44 where the chain
comprises ribbon having a major axis of 0.001 to 0.002
inches and a minor axis of 0.0005 to 0.001 inches.

S1.. The device of claim 43 wvhere the device
deflects more than about 20° under its own weight when a
one centimeter length of the device is supported
horizontally at one end.

52. The device of claim 43 where the length of
the device is between 2 mm and 120 cm.

53. The device of claim 52 wvhere the length of
the device is between 30 cm and 120 cn.

54. The use of a flexible, vaso-occlusive
device comprising a coil, braid, or chain having an
outside diameter less than about 0.010 inches to access a

selected vascular site.

55. The use of claim 54 wherein the device

comprises a coil, a braided tube, a combination braid and

colil, or a chain.

56. The use of claim 55 wherein the device is

a regularly wound coil.

57. The use of claim 55 wherein the device is

a coil which is not regularly wound.
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58. The use of claim 55 wherein the devices
have outer surfaces and additionally comprise filamentary

material attached to the outer surfaces.

59. The use of claim 54 wherein the device

outside diameter is between 0.0014 inches but less than

about 0.0095 inches.

60. The use of claim 59 wherein the device
outside diameter is between 0.004 and 0.0075 inches.
61. The use of claim 54 wherein the device

comprises a filament having a diameter of less than about

0.0025 inches.

62. The use of claim 61 wherein the device
comprises a filament having a diameter between 0.00045

and less than 0.00225 inches.

63. The use of claim 62 wherein the device
comprises filament having a diameter of between 0.0005

and 0.002 inches.

64. The use of claim 63 wherein the device

comprises filament having a diameter of between 0.001 and

0.002 inches.

65. The use of claim 54 wherein the device
comprises ribbon having a major axis between 0.001 and

0.002 1nches and a minor axis is 0.0005 and 0.001 inches.

66. The use of claim 54 wherein the device
bends more than about 20° under its own weight when one

cm of the device is held in a horizontal position.
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67. The use of claim 66 wherein the device

bends more than about 35° under its own weight when one

cm of the device is held in a horizontal position.

68. The use of claim 54 wherein the length of

the device is between 2 mm and 120 cm.

69. The use of claim 68 wherein the length of

the device is between 30 cm and 120 cm.
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