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1 February 2007 1 DESCRIPTION ASPI RATI ON CAHdBIUERy 2007
Technical Field 5 The present invention relates to an
aspiration catheter percutaneously and translunmnally
i ntroduced into the body to renpbve by aspiration
~thrombi fornmed in the internal blood vessels and
debris, such as atheromas, released in the bl ood
vessel s, by applying a negaiive pressure fromthe
proxi mal 10 end of the catheter. Background Art
Conventional |y, when stenosis or occlusion occurs in
vessel s, such as bl ood vessels, and when bl ood vessels

are bl ocked by thr omPESENF Gt es (e.g., PTA

Per cut aneous 15 Transl um nal Anaiopl asty and PTCA:
Per cut aneous Tran qujﬁﬁﬁh§#% gi opl asty) are
comonly perfornmed in order to dilate narrowed areas
or reopen occluded areas of blood vessels so that

fLow in the peripheries of blood vessels is
r%%e%ﬁgk%ny angi opl asti es have been perfornmed 20 in

m@@@1ﬂ¥3§§ﬂtifﬁ?én %%59@%1a%§%tQ%rgBr SPEQ?Eggngath ter

years, . stents, have been _USG to malinta ate
perBS Lo} BRI SS90 bocy
to NI b ARt i thrdtAe Worg IRl ¥hkOhnkBenal blood
vessels and debris, such as atheromas, released in the blood
vessels, by applying a negative pregéure from the proximal

end of the catheter.

Background Art

Conventionally, when stenosis or occlusion occurs in

vessels, such as blood wvessels, and when blood vessels are

- blocked by thrombi, angioplasties (e.g., PTA: Percutaneous

Transluminal Angioplasty and PTCA: Percutaneous Transluminal
Coronary Angioplésty) are commonly performed in order to

dilate narrowed afeas or reopen occluded areas of blood

"vessels so that blood flow in the peripheries of blood

vessels is improved. Many angidplasties have been performed

20  in many medical institutions. Furthermore, in recent years,

stents have been used to maintain the dilated state of-

~ narrowed areas in many cases.

A balloon catheter for PTA or PTCA is used together
with a guiding catheter and a guidewire mainly for the

purposelof dilating a narrowed area or occluded area of a -




25 purpose of dilating a narrowed area or occhudetkary 2007
area of a 1 February 2007 - 2 blood vessel. In an
angi opl asty using the balloon catheter, first, the
guiding catheter is inserted into the fenoral artery
and advanced through the aorta, and the tip of the
gu-i-dng-cat heter is-positioned-_
n-the-ope-n-i-ng--of--th-e---- 5 coronary artery.

Then, the guidew re passing2through the balloon
catheter is advanced beyond the narrowed area or

occl uded area of the bl ood vessel. The ball oon

bloéﬂtggggél's I?dgﬂnéﬁgmgpﬁésgg ugyhgeﬂhéebaﬁmgohhéatheter,

alloonis inflate ing positioned at the
£ir88rrpped g @ngr caﬁﬁéeésdlérﬁﬁséi?té@ i1heb the Rrahopxed

areéa or occ uded area is dilated. The balloon is then

art@ﬂ;l §£§da&'6‘£‘né@<§01\!ﬁﬂoﬁ{qﬁnthéea8§€’é[, dhe tReptipabEofhe
the balloon catheter is not limted to treatnent

megaéa@r@@@eﬁ@sﬁs 85i0e6hddedn atieasopénbh@odf -¥Rssel s,
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and t he ball oon catheter is also useful for many 15
cor@hliey setkepl appéncathenguidewiraspansigi ohrougle the

bl ood vessels and insertion into various body
baltaahtt&fh@&ﬁkti&n&dWantédshey@mdLtﬁenmﬁrr¢w®evareaWMEn'

occlusion is caused by thronmbi in the blood vesse

‘occliidétieanex| efietharkbodd dessebd Hhe Heabhbomopatipeter is

catheter, there nay be a possibility that the thronbi
advancedeteehethd ramidérei raneandatie dtakkeomb| bodinbhaked
to occlude peripheral vessels downstream In the case

whibe baitngaposiikipned at the narrowed area or occluded area

- 80 that the narrowed area or occluded area is dilated. The

balloon is then deflated and removed from the body. The
application of the balloon catheter is not limited to
treatment of narrowed areas or occluded areas of blood
vessels, and the balloon catheter is also useful for many
other medical applications, such as insertion into blood
vessels and insertion into various body cavities and tubular
tissue sﬁructures.

However, when occlusion is caused by thrombi in the
blood vessel, if the occluded area is dilated by the balloon
catheter, there may be a possibility that the thrombi are

detached from the inner wall of the blood vessel to occlude

" peripheral vessels downstream. In the case of the narrowed

~ area of the blood vessel in which the lesion contains many

athero-plaques, there may be a possibility that dilation by

the balloon catheter leads'to-scattering of the athero-




area of the blood vessel in which the |esion ¢@ebaiaRs2007
many at hero-pl aques, there may be a possibility that
dilation by 25 the ball oon catheter |eads to

scattering of the athero 1 February 2007 - 3 plaques
(atheromas) to occlude peripheral vessels. \Wen '

peri pheral vessels are bl ocked as descri bed above,

even if the occluded area or narrowed area is

dilated, blood is prevented.=f-r-ou_f-Iow

nn_, nto-t_he__peri pheries, resultingin 5
slowflow or no-reflow Wen such a situation arises,

'plé e%hﬁa%ﬁEQBﬁbﬁ)a%BeBECQﬁdet?ﬁgﬁbh@raltvb%s@QBeraWhen

practice to wait and see if “blood flowis
perigtevafiedeshudl saalk@ans1beremeny HeBBribedr @Rovegdeven if

According to circunstances, a vasodilator, such 10 as
theNiokcQab¥aehirBa BRYnheraggtinastar ¢d tolneedyebldbd is

bl ood flow, or athronbolytic agent, such as .

—previnkedageomNEyolengl onsbl yhadpenigherddst ordsadbing in
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‘body.

the obstruction. In either case, a |long recovery tine
slowsfivwl brr aquireédowWhen peri pheral vessels are

heavi |y occluded to produce poor 15 henodynanics, an

auhén asyclpracetiinat ioucrises ntin-Hoe t¢eronm Y gortery or

punping (I ABP), may be used. Besides the thronbolytic
thet hékepyitaisephndrhdsppeehicat tenpedll apdwheehif hkbabi

are nmechanically fragnented and a negative, pressure

- blopd £lewl ianveusvorappl bell &rbaRghECOOVREFBxFHEE EHd of

the catheter to renove, the thronbi fromthe,
required. According to circumstances, a vasodilator, such

as nitroglycerin, may be administered to recover -the blood
floﬁ, or a-thromboiytic agent, such as urokinase, may be

locally administered to dissolve the obstruction. In e€ither

- case, a long recovery time is still required. When

peripheral vessels are heavily-occluded to-produce poor
hemodynamics, an auxiliary procedure, such as intra~aortic
balloon pumping (IABP), may be used.

Besidés the‘thrombolytic therapy, a method has been
attempted in which thrombi are ﬁechanically fragmented and a
négative-pressure is simultaneously applieq from the |

proximal end of the catheter to remove the thrombi from_the

However, in order to fragment a thrombus at the
catheter tip, it is of course necessary to efficiently

transmit the mechanical power applied from the proximal end

of the catheter to the tip.of the catheter. Consequently,
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body. However, in order to fragnent a thronbu$ Fabruetye2007
catheter tip, it is of course necessary to eff|C|entIy
transmt the nechanical power applied fromthe

proximal end 25 of the catheter to the tip of the
catheter. Consequently, 1 February 2007 - 4 in order
to enhance the transm ssion of power in the catheter
shaft, the entire catheter shaft nust be conposed of

a hard material, resulting 4n-difficulty in advancing
the catheter to the target site in the bl ood vessel.

5 Furthernore, since a negative pressure nust be

in §?ﬁ% gﬁfro nEgeFﬁéoﬁfgﬁgmf ngﬁ B?egﬁﬁége ﬁrtheI

app Ication ani ca

Catﬁg%gg sﬁﬁ%grg%hécg%ﬁﬁgsvb§€hégerrgﬂgfﬁeﬂusﬁngeté%ﬁ@osed

has n ecome w used. On the other

. of Bopdy tﬂstsEimgrCgésﬁlééﬁgeiﬁrdmgfiegle iR sivPhEing the

struc ure in ronbl are renoved Dby aspiration

cath&PEY! BE Qﬁgyt9¥%éﬁes§9@|iﬁaih@nbﬂéoé pegaklye
- pressure from e proximal end has been clinically

FurtROEhOPEY. sHAWBVEI neghbevEer pEEsseEti mnat beesppli¢dief rom
asplratlon lumen for  aspiration is not sufficiently

‘the S§EUk eMla1aBAd0BF Yt k@t Beties Sed 5siawl bgnéous bg peiiat i tore

capability are available. The reason for this is that
applh€atabheber meshanieal epowre; &hbaggedeosle devitdels

target site in the blood vessel. Nanely, since a
req@liré@ni ardl thes thiskheghodehgsi veni becose pviie Hedised.

t he _
On the other hand, the effect of a catheter having a

_simple structure in which thrombi are removed by aspiration

from the body by the application of a negative pressure from
the proximal end has been clinically confirmed. However,

the cross—sectidnal area of the aspiration lumen for

' aspiration is not sufficiently secured, and only catheters

having low aspiration capability are available. The reason
for this is that the‘cathetér is ‘advanced over the guidewire
to the target site in the blood vessel. Namely, since a
guidewire lumen tracking the guidewire is provided in the
aspiration‘Iumen, it is not possible to secure a sufficient
cross—-sectional area of the aspiration lumen.

On the other hand, in a structure in which a guidewire
lumen is provided outside an aspiration lumen, the outer
diameter of the aépiration catheter inevitably increases.
Consequently, the inner diameter of the guiding catheter -

used together increases, resulting in.an enormous burden to




aspiration lunen, it is not possible to securieFebruary 2007
sufficient 20 cross-sectional area of the aspiration
l unen. On the other hand, in a structure in which a
guidewire lumen is provided outside an aspiration
Lumen, the outer dianmetey of the aspiration catheter
i nevitably increases. Consequently, the inner
di aneter of the guiding catheter 25 used together
i ncreases, resulting in an enornous burden to 1

the paEffifyary 2007 5 the patient. In addi tion, since any

of the |deMAre | umens d s%ﬁgb abov usuah%¥ % 3

| ené’f‘ PO taBBut S RE ¥ r ILEASEI & HECRE IS4 6R
above usu r]ﬁ:yeﬁa t h%e%agll;etfer bsb_l%f%) l ac@ro];n ?%e bcl

resulting in po |nsertab| i'MtO tOftuo! ood

aspiratfor! gﬁhet& 3%83?51&& E}{QEE'% ggxﬂ%rl&%

provi de an aspiration catheter oes YGQUI re

resultf’hd ahg o§§a1r%e‘§%¥bffltysgﬁﬂge§o&do% gSn‘%och%%'sghg
aspiration lunmen, and’is sufficiently flexible to be

Disclogﬁ&g@qegn$éhgaontarget site followi ng a guidewi re and
to satisfactorily track tortuous blood vessels. As a

I esutbo@inehit et} Ve rbesearah cpndueiad ynéber piasantices
inventors, it has been found that the problens may be

not regQ¥es coMmarbhy-aduleaspiviad] odecathel eramecar dosgiile t he

, enbodi ments described. In accordance with an aspect of

aspiratibe pmegentnd nestitéhcientior €lesiplowioded advanced to a
aspiration catheter conprising: a main shaft

target site following a guidewire and to satisfactorily track

tortuous blced vessels.

As a result of intensive research conducted by the present
inventors, it has been found that the problems may be overcome by an
aspiration catheter according to the embodiments described.

In accordance with an aspect of the present invention,
there is provided an aspiration catheter comprising: a main shaft
having an aspiration lumen disposed therein, the aspiration lumen

. extending from the proximal end to the distal end of the main shaft; a
guidewire shaft having a guidewire lumen disposed therein, the
guidewire lumen following a guidewire, the guidewire shaft being

‘disposed at the distal end of the main shaft; and a hub disposed at the

proximal end e




having an aspiration [unmen di sposed therein, 1tRebruary 2007
aspiration lunen extending fromthe proximl end to
the distal end of the main shaft; a guidewire shaft
havi ng a guidewire | unen disposed therein, the
guidewire lunmen followng a guidewre, the guidewre
. shaft being disposed atsihe distal end of the main
shaft; and a hub di sposed at the proximal end *,,. 1
February 2007 5a of the main shaft, wherein the tip
of the main shaft is obliquely cut, the distal end of
of the THe gt Hewrhersshatie it pposithiconatn abafhe sdiobt Euedmdeut,
., of the main shaft or protrudes fromthe distal end of
the disgae epdi §hafquudﬁw1¥%eshe¢§ﬂaa pam@@tn'ﬁénat dhe flhsatal end
relationships 0.5 S L2/LI and L2 - 55 mma
of the majny g Orvwatéuﬁemfw Fhe diahat ﬁmstF r@eoﬁﬁmf&a;t in

. t haf t It
che aisth BB T R E%la&ﬁ%n SLE $ e il f%
mm are geaqgso*e nRere%?ldL fazfs{ I?:%_e[g r ua tgggrgkglltg%e {/]ecut portlon

"hé Hain s
f
of the rgaﬁ% gg%ibés n 'E l'éﬁéﬂpdrdg ot & ne OSUI Vc\:ﬂa?:%e%%? P?Md L2

is the IERYtRer n%no¥h9 eﬂ-oaneE]h gl &6 't%@aéwﬁie@£é( &haffRl to the

confirmng the position of the the main shaft

distal 404 badiRsSeapy.shedet hernore, at Ieast a proxi nal
portion of the main shaft may have a fl exural nodul us
of 1 GPa or nore. More preferably, at |east a distal
portion of the main shaft may be '




applied with a hydrophilic coating. Brief DestcFéfpla92007
of the Drawings Fig. 1 is a cross-sectional view
showing a tip. portion of an aspiration catheter in
an enbodi nent of the present invention. Fig. 2is a
cross-sectional view shgM.ng a tip portion of an
aspiration catheter in another enbodi nent of the
present invention. Fig. 3 is a side view showi ng a
tip portion of an 1 February 2007 7 aspiration
cat heter in another enbodi nent of the present
i nvention s a side view %,hovv@ﬁﬂga tip portl on
e

ofPraﬁ;erﬁgﬂ)Vra‘?'?%rfe&é‘Fﬁ%’E%?lﬂ 1 Bfof her oﬂﬁ“rf%arﬁ bst

resent

.. . h .
satistioglc R BRETPRAPTY 'né%ﬁo%mr%erwqrsvaﬁ% g gﬁep%%"rlé’ﬁa‘th

th & at i cat heters.in th P EesAl i nvent |
wieh & xR e B B Lt B oR PR ot Phosb Rt §°

the malleha{‘Fta%‘§r gggg&ségjﬁpr atus for aspl ration catheters |n

he preésent invention. Fig. 7 is an enlarged vi ew of
a RIr@herhHed Udind cguF V@&r&@ﬁ&i ONS-1SheWB sl PhdFin@in6. 15

Best Mbde for Carrying t the I'nvention The
shaft ma§Mhgek ENtiexakal heokakReteri afpd be REESENtMore
preferably, at least a distal portion of the main shaft may be
applied with a hydrophilic coating.
Brief Description of the Drawings
Fig. 1 is a cross-sectional view showing a tip portion of
an aspiration catheter in an embodiment of the present invention.
Fig. 2 1s a cross-sectional view showing a tip portion of
an aspiration catheter in another embodiment of the present

invention.

Fig. 3 is a side view showing a tip portion of an
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invention will be described in detail w th ref ¢esnag 2007
to the drawi ngs. However, it is to be understood that
the present invention is not |imted thereto. 20 An
aspiration catheter of the present invention includes
a main shaft (101, 201, 301, 401, or 501) having an
aspiration lunmen (102 or 202) disposed therein, the
aspiration lunmen extending fromthe proxinmal end to
the distal end of the matrn7shaft; a guidewire shaft
(103, 203, 25 303, 403, or 503) having a guidew re
 umen (105 or 205) 1 February 2007 8 disposed
aspﬁ%%%ﬁb%}c%%ﬁeggkgﬁﬁﬁ%ﬁokﬁgﬁneﬁﬂbhﬁﬂbﬂﬁ afgthdeprésent

gurdewre s ei ng di sposed at the distal end

inveh HQ?J mai n shaft; and a hub di.sposed at the proxinal
eng of t

he min shaft (101, 201, 301, 401, or 501).

Thes ki pgof st Res paaded Tewhdidwid®la €03, p&OdiordCif aox
501) "is obliquely cut. The distal end of the

aspi¥hdewn’ eathatbr(1A3and0Rer3edboditent o0f 5088 present
‘positioned at the distal end of the main shaft (101,
invéBtioaQl, 401, or 501) or protrudes fromthe distal
end of the main shaft in the distal direction. The 10
rekagi obshsps Sclemat i@/ dilagman L$howing @ mBeihadcrior
satisfied, wherein L1 is the Iength of the obliquely
evalubtpagt the etrehgthnafnashateti¢nicabbhetenyiingpie or
501) in the longitudinal direction of the catheter,
preardtlLinventhen.| ength fromthe proximl end of the

gui dewi re shaft (103, 203, 303, 403, or A
Fig. 6 is a schematic diagram showing a trackability

measurement apparatus for aspiration catheters in the
present invention.

Fig. 7 is an enlarged view of a plate including curved

portions shown in Fig. 6.

Best Mode for Carrying out the Invention

The embodiments of the catheter of the present
invention will be described.in detail with reference to the
drawings. However, it is to be understood that the present
invention is not limited thereto.

An aspiration catheter of the present ihvention
includes a main shaft (101, 201, 301, 401, or 501} having an
aspiration lumen (102 or 202) disposed therein, the
aspiration lumen extending from the proximal end to the
distal end of the main shaft; a guidewire shaft (103, 203,

303, 403, or 503) having a guidewire lumen (105 or 205)
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15 503) to the distal end of the main shaft

301, 401, or 501). In each of Figs. 1 and 3(1?ﬁgu8@km07
distal end of the guidewire shaft (103 or 303) is
positioned at the distal end of the main shaft (101

or 301). In each of Figs. 2 and 4, the distal end of
the guidewire shaft (203 or 403) protrudes 20 fromthe
distal end of the main shaft (201 or 401) in the

distal direction. Referenc® synbol Cin the draw ng
represents the obliquely cut portion of the main shaft
(101, 201, 301, 401, or 501). Since the guidewre

A o N

2007, 9, t
the F;gﬁc%ﬁ,vm 9 adf/ta anpq %s&}o}@secgcceagjt @?gﬁﬂgr% Q{ft ghe

], AL 3%@2% ﬁér%iheiﬁﬂcfﬁ?a"% 53 i ot e

o I present I nvention can be
< Ui GR1.T &r 308! 1 veae dig s th
mall}aspl rﬁ{ gl ’ a ‘ong t'he rgurd?vvl re al sol enabl'ees
malx% %Pa[r L {1 f I'Ecglhl Yidlor tAbaUs Ordgonsi Abliquely cut.

ons i'n the coronary artery and cerebral bl ood

The Y PO dititien G HaATE LN 2085 B03) 403,
%ﬁ%ft (101 10 20%J 301, 401, or 5%1fganéh§ttach|ng

or 0% W gﬁyylrteldrrén?rat (15 drst205)ercherethe am iim chedte
inrigidity of the catheter shaft due to the
(10f¥tznmﬂnﬁvl<ﬁ4dﬂuaqxnanmmrurIpnnﬁrudes from the distal
end of the main shaft in the distal direction. The
relationships 0.5 < L2/L1 and 1.2 - L1 < 5 mm are satisfied,
wherein L1 is the length of the obliquely cut portion of the
main shaft.(lol, 201, 301, 401, or 501) in the longitudinal
directibn of the catheter, and L2 is the length from the
proximal end of the guidewire shaft (103, 203, 303, 403, or
503) to the distal end of the main shaft (101, 201, 301, 401,

or 501). In each of Figs. 1 and 3, the distal end of the

-guidewire shaft {103 or 303) is positioned at the distal end

of the main shaft (101 or 301). In each of Figs. 2 and 4,
the distal end of the guidewire shaft (203 or 403) protrudes
from the distal end of the main shaft {201 or 401) in the

distal direction. Reference symbol C in the drawing

' represents the obliquely cut portion of the main shaft (101,

201, 301, 401, or 501}.
. Since the guidewire lumen (105 or 205) is dispbsed at

the tip portion of the aspiration catheter, it is possible
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(105 or 205) can be mnimzed. However, when {B&brlary 2007
0.5, if the aspiration catheter is wthdrawn under a
situation in 15 which another catheter is caught

between the tip of the aspiration catheter and the
"guidewre, the guidewire lunen (105 or 205) of the
aspiration catheter becones easily broken, which is
dangerous. Wien L2 - L1 > 5 mm the portion in which
the guidewire lunmen (105 er9265) is 20 attached to the
mai n shaft (101, 201, 301, 401, or 501) is

| engt hened, and the rigidity of the catheter shaft

to IJRIGARES gqgi‘a%fﬁ?ej%/re,%i%%u%ﬂtel YHperad V?e'ﬂf‘b)fm@ﬁgt hg

aspiration er in tortuous bl oo ssels gréatly

%gﬁﬁ;,- 'égﬁ?' isdhlge. iphB®y of th
anq?@%alt 10 sﬁ"l%‘sg 0. ﬂ@éﬁ%%;hgﬁggat:ghﬁ%%geglﬁm a%’eO ©

le R &Fably. sabipfd fentliy, LhEehkpakutaQR cathb@er of the
Furthernore, by disposing the guidewire |umen (105 or

prediit Aver®n drhedd Beoliciiveradnagbalt tht0gnidedira0ol,
401, or 501), it is possible to secure a |argest

DelRQ&HWIE a3 Hdidativiedath8Zecer a202)y. thle ghédewire also
proxi mal side of the 5 guidewire lunmen, the guidewre

enalS el tpeseshdnt par dligall ywicbirtubhe pairtishaf andwien t he

l ength L1 of the obliquely cut portion Cat the tip
bi fafr daltd onsi [ins akt doronheyl emgerydand cgrebeailohlepd

the catheter is less than 2 nm there is a higher risk
vesskls. :

By obliquely cutting the tip of the main shaft (101,
201, 301, 401, or 501) and attaching the guidewire lumen
(105-or 205) thereto,-an-increase in rigidity of the
catheter shaft due to the attachment of the guidewire lumen
(105 or 205) can be minimized. However, when 1.2/L1 < 0.5,
if the aspiration catheter is withdrawn‘under a situation in
which another catheter is éaught between the tip of the
aspiration catheter and the guidewire, the‘guidewire lumen
(105 or 205) of the aspiration catheter becomes easily

broken, which is dangerous. When L2 - L1 > 5 mm, the

-portion in which the guidewire lumen (105 or 205) is

attached to the main shaft (101, 201, 301, 401, or 501) is
lengthened, and the rigidity of tﬂe catheter shaft increases
greatly. Consequently, trackability of the aspiration
catheter in tortuous blood vessels greatly decreases, which
is undesirablie. Therefore, thé relationships 0.5 < LZ/Ll_

and L2 - L1 < 5 mm are preferably satisfied.
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10 damage to the inner wall of the bl ood vesselFebyaitEo?
catheter tip during the advancenent of the catheter.
through the tortuous bl ood vessel. If the length Li
exceeds 10 mm it becones difficult to efficiently
renmove bl ood clots by aspiration. Therefore,

preferably, the relationship 2 mm 15 L1 <_ 10 mmis
sati sfied. The advantage of the present invention is

not particularly restricted by the nethod for bonding
the guidewre shaft (103, 203, 303, 403, or 503) to

the main shaft (101, 201, 301, 401, or 501). Nanely,

e SR AR G g1 300
205 ST Forhoe St bt har ety o d ey, 0L
or ifheds LrITHT e RS i O AR
eop BUELUT bl (FOTVE A1 NI AR o o
| G RN R RerdAipmeb bY@ gtk with

gui %h’ .
usi'ng an adhesive ©or the like. In'such a case, the

thecggﬁﬂcgﬂaf?pec!es in the adhesive used is not
particularly limted. For exanple, a cyanoacrylate,

UglhaR®e QRMGER @1 Sl ERBNBLI iadikay aiti popftabear ablay
used. The curi'ng mechani smof the adhesive is also
the Nolp Re¢ tiKd Il dry dH¥d ach ther Iowmyitwelimal direction of

the catheter is less than 2 mm, there is a higher risk of
damage to the inner wall of the blood vessel by‘the catheter
tip during the advancement of the catheter through the
tortuous blood vessel. If the length L1 excéeds 10 mm, it
becomes difficult to efficiently remove blood clots by
aspiration. Therefore, preferably, the relationship 2 mm <

L1 € 10 mm is satisfied.

The advantage of the present invention is not

'particularly restricted by the method for bonding the

_guidewire shaft (103, 203, 303, 403, or 503) to the main

shaft (101, 201, 301, 401, or 501). Namely, if the
guidewire shaft (103, 203, 303, 403, or 503) and the main
shaft (101, 201, 301, 401, or 501) are composed of materials
that can be welded to each other, bonding can be performed

by a known method, such as & heat sealing process.

. Alternatively, if the guidewire shaft and the main shaft are

composed of materials that cannot exhibit sufficient‘bonding
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noi sture-curing, two-part curing, or photo-cundebgiary 2007
adhesive is preferably used. |If the guidew re shaft
and the main shaft are conposed of materials having
poor adhesion 10 properties, surface treatnment may be
performed, for exanple, by oxygen plasma or corona
di scharge, or using a silane coupling agent. In the
catheter, in order to confirmthe position of the tip
of the catheter by radioscdgy,” the guidewire shaft 15
(103, 203, 303, 403, or 503) is provided with a
radi opaque marker (104, 204, 304, 404, or 504) for
Wi 0Sp b f i thed asPi & abéeitod
Str%%?%?tg?ggyh?§8?§§c§%§aan?fm%ﬁgb%ag?gﬁ%que na?ker
1 6h0  0#041e0h 1R@4) T shERVAOEdsen the omémical
USlé#aéP %%éf?§g§1?ﬂ33%? %6%% or 501), the 20 gortion
speli ¥ 9adtwit Bahbeivadiugpague watkparbecol®sly eximitedy
‘rigid, resulting in a large decrease in the
For!l bagkpbil i by cohnbhergnbitee aathhbse, dhexef ooe, sihecone
radi opaque marker (104, 204, 304, 404, or 504) having
adhasiffenigapkyfeegulyedsetze Theprefinabhgciproismedf ohhe
the 25 guidewire shaft (103, 203, 303, 403, or 503). 1
adhEehwgaiy 2083 ndf piheiadiamfizgéinitetie presepgample, a
invention is not particularly restricted by the .
noisethedchoingt t bebipgrtheuriadi opagpeoherxerapleadhegive
304, 404, or 504). Nanely, the radiopaque narker np

is peefemdbdyussag. anIidhbsi guidewige shaft and the mal

shaft are composed of materials having poor adhesion

properties, surface treatment may be performed,'for example,

- by oxygen plasma or corona discharge, or using a silane

coupling agent.

In the catheter, in order to confirm the position of

~7the tip of the catheter by radioscopy, the guidewire shaft

(103, 203, 303, 403, or 503) is provided with a radiopaque
marker (104, 204, 304, 404, or 504} for confirming the
position of the tip of the aspiration catheter by radioscopy.
If the radiopague marker (104, 204, 304, 404, or 504) is
provided on the main shaft (101, 201, 301, 401, or 501), the
portion provided with the radiopaqué marker becomes

extremely rigid, resulting in a large decrease in the
trackability of the entire catheter. Therefore, the.
radiopague marker (104, 204, 304, 404, or 504) having a
minimally required size is preferably provided on the

guidewire shaft (103, 203, 303, 403, or 503).
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5 like, physically fixed (by swaging), or atta¢begaly2007
any other nethod. In order to mnimze damage to the
inner wall- of the bl ood vessel due to the radi opaque
mar ker (104, 204, 304, 404, or 504), preferably, the
radi opaque marker (104, 204, 304, 404, or-504) is
fixed by swaging and the 10 difference in | evel
bet ween the gui dewire shaft (103, 203, 303, 403, or
503) and the radi opaque AeiRer (104, 204, 304, 404,
or 504) is reduced as nuch as possible. Furthernore,
t he radi opaque nmarker (104, 204, 304, 404, or 504)
be conposed of teri.al :ShO ingh 15
cﬁ§ﬁbﬁqﬁﬁg%&§§ep%rtﬁgy TR s2hit 1n§QﬁE1§R W%.BIQ

adioscopy. Anetal material, such as

[l . lat.i . d
parif’%(?ﬁlna%%ﬁ rrgetdsle%glct%% 4 A &{el}ep ‘ﬁéﬂgﬂ(ﬁ@fdf i el ke

paque all oy, a platinum

radféeéaﬁﬁe Yarddle lide P alfiy badsedr Bydher m18t the
as

a proximal portion of the main 20 shaft (101,

. i | . r
rad%%%ﬁgé%ﬁhﬂfﬁEE Ry I ediady &f8nRplan GRIRGesRE Or the

us matérial wth a flexural nodulus of 1 GPa

likéh’r pHYY&a 1By, Usi t iy drldirgnresedmfachih by any

I

i gh-'modul us nmaterial, power at the proximal end can

othd¥e rfdfHod .t r ans wrdead td Gilrignitzed deinalgee toatthet émneandrall
in addition to the pushing 25 force and the pulling

of HHY ¢Rodderdsaiaat idu@ fray dthec aradiephgiebmaaker20004,1204,

sufficiently transmtted to the tip. The main shaft
304,( 4Bk, 231,5030], pAifermblsfl)ther efdimpague marker (104,

204, 304, 404, or 504) is fixed by swaging and the
difference in level between the guidewire shaft'(103, 203,
303, 403, or 503)_and the radiopague marker {104, 204, 304,
404, or 504) is reduced as much as possible.

Furthermore, the radiopaque marker (104, 204, 304, 404,
or 504) may be composed of any material that shows high

visibility under radioscopy. A metal material, such as-

_stainless steel, gold, or platinum, is preferably used for

the radiopaque marker. A gold alloy, a platinum alloy, or
the like may also be used.

Furthermore, at least a proximal portion of the main
shaft (101, 201, 301, 401, or 501) is preferably compoéed_of
a high—modulus_material with a flexural modulus of 1 GPa or
more. By using the shaft composed of such a high—moduius
material, power at the proximal end can be fully transmitted
to the tip of the catheter, and in addition to the pushing

force and the pulling force, the rotating force can be
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includes two shafts, i.e., a prOX|naI shaft an@eBruary 2007

distal shaft. The distal shaft is preferably conposed

‘of a. 5 material having a | ower nodul us conpared with -

the proximal shaft. Preferred exanples of the

material for the distal shaft include polyolefins,

pol yam des, polyesters, polyurethanes, polyolefin

el astonmers, pol yam de el astonmers, polyester

el astonmers, and pol yuret haidsl el astoners. 10 Preferred

exanpl es of the material for the proxinal shaft

i ncl ude polyinides pol yam de-i m des, pol yether ether
ESEF %%I hegg ﬂ@dtQ ckel-tltanlun1alloys

|ng e di's shaft to the

pf@ﬁénﬁg%ﬁ %ﬂgffs @Pt f@{t'§@iarﬁyll'8itfﬁh)fﬁﬁbﬁbrably

suc as’ 15 wel di ng or ‘adhesi on, may be

1ncg%9%s Rref enakky, the. changeokimalli ghdFtyanll hh@iseabt
tween the distal shaft and the proximal shaft is

shakkgducegesqitihal shaedi t¥ pRELPHBUG! ¥ompbaagestia the
[ ongitudinal direction of the aspiration catheter

mat2@iBneherabbya @bwégambdaldssbahpaeeﬁlmmtnftnaepnexnﬁal
shaft (101, 201, 301, 401, or 501) is applied with a

shalfydr ophilfeeredoakimples nof hehaspatatiah farheberdistal

the size of the aspiration lumen (102, or 202) is
shafeciaadede pbeyvoléefinsdi pokyemidésa poabpesbassi t uting

the main shaft (101, 201, 25 301, 401, or 501)
polyneetasess, apdlybbebby chastbieiag pokpdnide yebagyonazs,
polyester elastomers, and polyurethane elastomers.
Preferred examples of the material for the proximal shaft
ihclude polyimides, polyamide-imides, polyether ether
ketones, stainless steel, and nickel-titanium alloys. The
method for bonding the distal shaft to the proximal shaft is
not particularly limited, and a known method, such as
welding or adhesion, may be used. Preferably, the change in
rigidity at the joint between the distal shaft and the

proximal shaft is reduced so thaf rigidity continuously

changes in the longitudinal direction of the aspiration

~ catheter.

Preferably, at least a distal porfion of the main shaft
(101, 201, 301, 401, or 501) is applied with a hydrdphilié
coating. 1In the aspiration catheter; if the size of the
aSpiration lumen (102, or 202) is increased, the outer
diameter of a tube constituting the main shaft (101, 201,

301, 401, or 501) increases, and thereby the sliding
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~friction of the aspiration catheter with the 1r8Biary 2007
wal | of the bl ood vessel increases when the
aspiration catheter is inserted into the bl ood
~vessel . Therefore, the distal portion of the main
shaft (101, 201, 301, 401, or 501) which 5 is highly
likely to be inserted into tortuous bl.ood vessels is
preferably applied with a hydrophilic coating to
reduce sliding friction. Jhe_advantage of the present
invention is not particularly restricted by the
met hod for applying the 10 hydrophilic coating and-
the material for the hydrophilic coating, ,and the
frigiiopPhinthe SRRl GabIYeeT dpbrbdriardinPs &3t &F
dependi ng on the properties of the pmaim shaft 01, ..~
the zkoﬁoocéo‘i?sa@h,lr&r%% D ghe AR ahant caHpEer 1s

. 203, /303, 403, o %9%), etc. Far ex le, ,al
insqkedpite i iRs Wersths pHISAORT Sty chyTtal

nmet hac ylafqg . pol ry 1 d 0 ?? IquEyler 01) which
portion b ddie, ‘)fjég %@erm s?Se : ﬁ&’t herrfore, 5by

P S AR T

is ];_‘EJ.heeI;er o%k}l@é%?[%&léigé*%i%ﬂ %ugﬁic%poﬂl{l'ﬂé WHAhPo reduce

con 0O gra Yy I'nCrease or ecrease.

- %?gﬂg! ‘and conparative exanples of the present
Sll?#ﬁiﬂ]l(ﬂ]%m 1 be described in detail below. (Exanple

1)rn2® LAV Rith gehaft thaspeerReted ndbntWenshal hst 1.e., a
particularly restricted by the method for applying the

hydrophilic coating and the material for the hydrophilic

- coating, and the method and the material may be

appropriately selected depending on the properties of the
main shaft (101, 201, 301, 401, or 501), the guidewire shaft
(103, 203, 303, 403, or 503), etc. For example, a
hydrophilic polymer, such as poly{(2-hydroxyethyl
methacrylate), polyacrylamide, or polyvinyl pyrrolidone, is
preferably used. Furthermore, by adjusting the thickness of
and the material for the hydrophilic coating in the
longitudinal direction of the main shaft, the 'sliding
friction can be controlled so as to gradually incréase or
decrease.

The examples and comparative examples of the present
invention will be described in detail below.

(Example 1)

A main shaft was composed of two shafts, i.e., a




10

15

20

25

1 February 2007 15 proximal shaft and a di st &ebruary 2007
shaft. As-the proximal shaft, a polyimde tube with

an outer diameter of 1.5 nm an inner dianmeter of 1.3
mm and a length of 110 cmwas fornmed by dip formng
usi ng a varni sh conposed of polyamc acid. As the 5

di stal shaft, a tube with an outer dianeter of 1.5 mm
an inner dianeter of 1.2 mm and a length of 30 cm

was formed by extrusion-nolding using a | owdensity

pol yet hyl ene tube (LF480M Japan Pol ychem

Corporation). The dianeter of one end of the proxinal

préﬁ¥ﬂﬁ}‘%§%ﬁﬁe%%. £d @ﬁs&%ﬁrgﬁlg@rawhﬁgthéopfeﬁlﬁﬁitEﬁaft a

aneter was reduced was inserted into

L shafth akd ohiesed dhumbeRd BE USENEM? hWoipakt
po%ﬁ%ﬁé%?ﬁ?%f%ane adhegﬁve (Nlpgbran 4235/ Cor onat e 4403,

'dliﬁﬂﬁﬁncﬁphygr%hha%%dlﬁdQ%h ¥hCaf, 1L0dcm, waBd fobmetdaby dip

shaft was thereby obt ai ne Since the distal shaft

forWAh o AUHIPREd Yardfish &atn@bkséki it popgamiadhesdon As the
properties, oxygen plasma treatnent was perforned

di steflosaarendiangubEheithpaaf otbermdiamehatt ofiad . bulmwi &h
a razor so that the length L1 in the |ongitudina

inndir edain@teal offhd .Cairhet end wadeldgirin 02034 cuwbeagi £prasd
outer dianmeter of 0.6 mm an inner dianmeter of 0.42

by emtrasdoa hedgtingoiisifgnm haw-flenmbllybpolusthubena. tube
mol di ng using a high-density pol yethyl ene (HY540,

(LFI80h BPalppoh&wlg@eheor Epkpayatand)a r SPoPaguetasr REr One

end of the proximal_shaft was reduced by thermal drawing.
The poftion'in which the diameter  was reduced was inserted
into the distal shaft and fixed by bonding usingla two-part
curing urethane adhesive (Nipporan 4235/Coronate 4403,
Nippon Polyurethane Industry Co., Ltd.), and the main shaft.
was thereby obtained. Sinée the distal shaft was composed
of a material with poor adhesion properties, oxygen plasma
treatment was performed before bonding.

The tip of the main shaft was cut with a razor so that
the length Ll in the longitudinal direction of the catheter
was 2 mm.

A tube with an outer diameter of 0.6 mm, an inner

diameter of 0.42 mm, and a length of 10 mm was formed by

extrusion molding using a high-density polyethylene (HY540,

Japan Polychem Corporation), and a radiopaque marker
composed of platiﬁum with an outer diameter of 0.72 mm and

an inner diameter of 0.65 mm was fixed by swaging on the
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conposed of platinumw th an outer dianeter ofi R@bdiRann2007
and 25 an inner dianeter of 0.65 mmwas fixed by

swagi ng on the 1 February 2007 - 16 center of the
tube. A guidewire shaft was thereby fornmed. The
guidewi re shaft and the main shaft were placed so that
the length L2 was 1 mm (refer to Fig. 4), and bonded

to each other by heat sealing. During bonding, in .
order to secure a 5 guidewilé -4 unen and an aspiration

| umen, protective mandrels were inserted into both
shafts. A hub forned by ‘injection nolding using

cenf@LYR RANAEBpe( VoK! §19RCGTRE: RAYE"i6E) chaRobl E0LRRY.

€ proXima &hd o € main s I ng-using a

Theﬁ@%ﬁ%%&r%“éhggz OéﬁBhEHS $3; ﬁdEﬁ%i{ewé%p Péé@d so _that

ronate Ni ppon onurethane ndustry Co.,

theLiQn%pPA@23§Qbr@thﬂn(E@EQEt%5 wRg.t Ber ey Bbﬁéé&eée each
A catheter was produced as in Exanple

oth@fcﬁgthéﬁﬁtsééllﬁé Wagy $ &hgabord My ansn Leraes §6ts@&uﬁe a
Exanpl e 3) cat het er "was produced as i n Exanple

guide®¥EEPYuhBAt ahd aMASspetatior NMimenf prove@sties mindrels
- mm (Exanple 4) 20 A catheter was produced as in

werExanpbetddexaeptbdtiat shiersl ength of the gui.dewire
shaft was set at 35 mm Li was set
A hub formed by injection molding using polycarbonate
(Makloron 2658, Bayer AG) was fixed on the proximal end of
the main shaft by bonding using a two-part curing urethane

adhesive (Nipporan 4235/Coronate 4403, Nippon Pélyurethane
Industry Co., Ltd.). BAn aspiration catheter was thereby
produced.
(Example 2)

A catheter was produced aé in Example 1 except that L1l

was set at 2 mm and 12 was set at 4 mm.

 (Example 3)

A catheter was produced as in Example 1 except that Ll
was set at 2 mm and L2 was set at 7 mm.

(Example 4)

A catheter was produced as in Example 1 except that the

length of the guidewire shaft was set at 35 mm, L1 was set

" at 10 mm, and L2 was set at 5 mm.

(Example 5)

A catheter was produced as in Example 3 except that L1l

was set at 10 mm and L2 was set at 15 mm.
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at 10 mm and L2 was set at 5 nm (Exanpl e 5)1 Rebruary 2007
cat heter was produced as in Exanple 3 except that LI

25 was ‘set at 10 mm and L2 was set at 15 nm 1

February 2007 17 (Conparative Exanple 1) A catheter
was produced as in Exanple 1 except that L1 was set

at 2 mmand L2 was set at 0.2 mm (Conparative Exanple
2) 5 A catheter was produc as in Exanple 1 except

that L1 was set at 2 mmand L2 was set at 10 nm
(Conparative Exanple 3) A catheter was produced as in
Exanpl e 3 except that L1 was set at 10 mm and L2 was

(Camtamtt ienixaigpleCdnpar ati ve Exanpl e 4) A cat heter was
produced as in Exanple 3 except that Li was set at 10
mMmPapdth2temswset paod2Qedmas (Bvakxampba bfedorpl nghat L1
strength between the main shaft and guidew re shaft) '

was] BeAs aghagwnmi andi §2 8ast Retcath8t &rmimn each of the

_exanpl es and conparative exanples was fastened with

(Comparafdive EgampfleaZiensile tester with a mandrel 506

havi ng an arc-shaped end being inserted into a

guPdedrretenafds gopoducesd #Sasﬂtrér@r%mﬁskﬁ hecaptaddiptatll

50 mTm and the tenglle t est
was set at and L2 was set at 10 mm.

(Comparative Example 3)

A catheter was produced as in Example 3 except that L1
was set at 10 mm and L2 was set at 2 mm.

{Comparative Example 4)

A catheter was produced as in Example 3 except that Ll
was set at 10 mm and L2 was set at 20 mm.

(Evaluation of bondlng strength between the main shaft and
guidewire shaft)

As shown in Fig. 5, the catheter in each of the
examples and comparative examples was féstened with
fasteners 507 of a tensile tester with a mandrel 506 having
an arc-shaped end being inserted into a guidewire shaft 503.
The fasteners 507 were spaced at 50 mm, and the tensilé test
was performed at a rate of 50 mm/min to measure the bonding
étrength between the main shaft and fhe guidewire shaft.
With respect to‘each of the examples and comparative
examples, measurement was performed with ﬁ = 3, and the mean
value was considered as thé measured value. The results

thereof are shown in Table 1.




20 was perfornmed at a rate of 50 Mmimn to nMeasFeb@akED07
bondi ng strength between the main shaft and the
guidewire shaft. Wth respect to each of the exanples:

and conparativé exanples, measurenent was perfornmed
wth n =3, and the nmean value was consi dered as the
nmeasured val ue. The results 25 thereof are shown in
Table 1. 1 February 2007 - 18 Table 1 Eval uation of
bondi ng strength between-tA€ main shaft and guidewre
shaft Bonding LI L2 L2/L1 L2-L1 strengt Trackability
(rm) (mm) (M h (N Exanple 1 2 1 0.5 -1.0 6.2
Tab at'sfactory Exanple 2 2 4 2.0 2.0 11.8 Satisfactory
le 327 3.55.0 12.3 Satisfactory Exanmple 4 10
5241 SERCLOEYN HEXRIPN &1 Maik® dndrd. dhd
Eva?ﬂgﬁ§%%t?€f§%$ory Sa t?é% ctory Conparati Did not pass
gul gwgrg h -1.8 1.7 through bent Exanple 1 portion
npar a Klnklng
Bonding
LL | L2 g5 gy | P27LL1 | strengt | prackability ‘
(mm) | (mm) (mm) h
' (N)
Example 1 2 1 0.5 -1.0 6.2 | Satisfactory
Example 2 2 4 2.0 2.0 11.8 | Satisfactory
Example 3 2 7 3.5 5.0 12.3 | Satisfactory
Example 4 10 5 0.5 -5.0 6.6 | Satisfactory
Example 5 10 15 1.5 5.0 12.1 | satisfactory
' ' Satisfactory
Comparati Did not pass
ve 2 0.2 ‘0'1 -1.8 1.7 through bent
Example 1 portion
Comparati | _ Kinking
ve 2 10 5.0 8.0 11.5 | occurred in
‘Example 2 catheter
Satisfactory
Comparati Did not pass
ve 10 2 0.2 8.0 2.9 through bent
Example 3 portion
Comparati Kinking
ve 10 20 2.0 10.0 11.9 | occurred in
Example 4 ' catheter

(Trackability measurement in tortuous blood vessel)
As shown in Fig. 6, a simulated aorta 603 and a guiding

cétheter 604 were disposed in a tank 601 filled with a
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ve 2-10 5.0 8.0 11.5 occurred in Exanple 2 catFabiuary 2007
Satisfactory Conparati Did not pass ve 10 2 0.2 -8.0
2.9 through bent Exanple 3 portion Conparati Kinking
ve 10 20 2.0 10.0 11.9 occurred in Exanple 4 catheter

5 (Trackability nmeasurenent in tortuous bl ood vessel)

As shown in Fig. 6, a sinulated aorta 603 and a

guiding catheter 604 were disposed in a tank 601
filled with a 1 February 20d7 - - 19 physi ol ogi ca

saline solution kept at 37C, and a henostasis valve
606 was fixed to the guiding catheter 604. The tip of

phyfsﬁ%lggl 3 dhAg s%a&h@t 861094 o¥agepeNAECEFECT 0aAdPh ahE8mESRasis
provided with a sinulated coronary artery, and a

valdd 46w Las $ieRa eb @nel4uid9ng3886h8EErWEE4. The tip of
prelimnarily passed through the guiding catheter

theb@hi dABgShaWhetBrFie04 wasacpahyetbyl eseat pbetd0802
serving as a sinulated coronary artery was disposed

prowviidadpkath Z03imahdtthHecpobyethybhenerypubendO0d guidewire
i ncl uded a bent portion 703 and a |inear portion 704.

‘605Tb§ 200bhent (pQBbb6NmT)3whadpact dinsr bly coavaedr ehodugh

15 nm and the
the gquiding catheter 604. As shown in Fig. 7, a

polyethylene tube 701 serving as a simulated coronary artery
was disposed in a plate 702, and the polyethylene tube 701
included a bent portion 703 and a linear portion 704. The
bent portion 703 had a rédius‘of curvature of 15 mm, and the
linear portion 704 had a length of 80 mm. The polyethylene
tube 701 had an outer diameter 705 of 5 mm and an inﬁer
diameter 706 of 3 mm. Each of the aspiration catheters in
the examples and comparative ekamples was inserted into the
guiding catheter 604 from the hemostasis valve 606 and
passed along the guidewire 605, and the operability thereof
was measured. The results are shown in Table 1. |

In each of Examples i to 5 of the present invention,
the bdnding strength between the main shaft and‘the

guidewire shaft is sufficiently high at 6.2 N to 12.3 N, and

~even if another catheter is caught between the tip of the

aspiration catheter and the guidewire, it is possible to
safely operate the aspiration catheter without breaking of
the guidewire lumen. Furthermore, trackability in the bent

portion of blood vessel is satisfactory and good operability
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i near portion 704 had a |l ength of 80 mm The1 February 2007
pol yet hyl ene tube 701 had an outer dianeter 705 of 5
nm and an inner dianmeter 706 of 3 nm Each of the
aspiration catheters in the exanples and conparative
exanpl es was inserted into the 15 guiding catheter 604
fromthe henpstasis valve 606 and passed al ong the
gui dewi re 605, and the operability thereof was
neasured. The results are ggown in Table 1. In each of
Exanples 1 to 5 of the present invention, the bonding
strength between the main shaft and the 20 guidewire

. shaft is suffi.cient high at 6,2 Nto 12 3 N, _and

is §hgrni t “TRBEREST ot hipSP ngeaasﬁ?nb%?aéghefﬁeaf?p of

er.and the guidewire, it is

N anot|
Con%&agF%§2£§§£5§§f§$§ g%%Fg?gm?ﬂgeaspiration cat het er

W t hout br.eaki 0 i he i dewi .

Qe POTES Rl piahcedkih G d Sl o LRI O
sati Lt Ve Febr 7 .
R e, S ey

Si j rf{or . t r
ot FUshIRLESiR HpuG N O0sEe, 6 BNET, Ol el acrenst
is él{{:?éfdeﬂysl'é%' Stentytgackapi bify ithdherbenl Horsion
5 of the simulated bl ood vessel is shown, the bonding
opeBht €9At Ns AStexhd@r@yy low at 1.7 Nto 2.9 N
_ Therefore, safe operation is not ensured. In each of

Corpas it o RopRires idraBkafpide Dendi ng the bonding

strength between the main shaft and the guidewire shaft is

high at 11.5 N to 11.9 N, and safe operation is performed.
However, with respect to the trackability evaluation uéing_
the simulated bent blood vessel, it was not possible to
advance the catheter over the bent portion, and kinking
occurred in the main shaft.. The reason for this is believed
to be due to-an increase in rigidity at the joint between
the main shaft and the guidewire shaft.
Industrial Applicability

As described above, the present invention can easily
provide an aspiration catheter including a main shaft having
an aspiration lumen disposed therein, the aspiration lumen
extending from the proximal end to the distal end of the
main shaft; a guidewire shaft having a guidewire lumen
diéposed therein, the guidewire lumen following a guidewire,
the guidewire shaft being disposed at the distal end of the

main shaft; and a hub disposed at the proximal end of the
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strength between the main shaft and the gui dewiFebruary 2007
shaft is 10 high at 11,5 Nto 11.9 N, and safe
operation is perfornmed. However, with respect to the
trackability evaluation using. the sinulated bent

bl ood 'vessel, it was not possible to advance the

cat heter over the bent portion, and kinking occurred

in the main shaft. The reason for this is believed 15

to be due to an increase-i®kigidity at the joint
between the main shaft and the guidewire shaft.

I ndustrial Applicability As descri bed above, the

maiBrgﬁg%E iQﬁgﬁggﬁntﬁ@ntgﬁsbkythgrﬁ¥iﬂesﬁ§f€59§r@biﬂ@uely
: cat u 0

et’eéf Irncluding a marn shaft having 20 an

cut@SRhEkalk QRah UBRA dirspAseqduineyeiB, shier agpi p8sivloned at
Fumen extending fromthe ™ proximal end to the distal

" the®Rdseh1t BRd BRI Phehahlin 8hayicdew peothadiés hawbmgthae

guidewire lunen disposed therein, the guidewire | unen
distah! ewhdngratByi fawhr ehafthenguhdediseashaftebeioy, and
di sposed at the distal end of the 25 nain shaft; and a
thehubi1dtspaskilpat 0t Be<prdxiabnent2 of Ehe< 15 Febrare y
2007 21 nmain shaft, wherein the tip of the main

.satsba@fitd swhbrétmel.y isuthet hendtbtaf emel dfligmeely cut

guidewi re shaft is positioned at the distal end of
porthennafntbaahainr shabtr idesher bengheudinal divegtbpn of
the main shaft in the distal direction, and 5 the
ther ehhbebashi prdOlL8 SsLphellengthofron jthe mrogpimg end of

satisfied, wherein L1 is the length of the obliqge%g
thecgpidewire shaft to the dlstal end of the main shaft. In

the aspiration catheter, the largest possible aspiration

lumen can be secured, and sufficient flexibility is achieved

which allows the catheter to track tortuous blood vessels

along the guidewire.
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portion of the main shaft in the |ongitudinal 1February 2007
direction of the catheter, and L2 is the Iength from
the proximal end of the guidewire shaft to the distal -
end of the main shaft. In 10 the aspiration catheter,
the | argest possible aspiration |unmen can be secured,
and sufficient flexibility is achieved which allows
the catheter to track tortuous bl ood vessels along
the guidewire. 1 February-2007 22 CLAIMS 1. An
aspiration catheter conprising: a main shaft having an
aspiration |lunen disposed 5 therein, the aspiration
| umen extending fromthe ial end to the dista
end of the main shaft; a‘ﬁ%ﬁ@%ﬂ?re shaft having a
guidewire lunen disposed therein, the guidewire | unen
- followng a guidewire, the guidewire shaft being
di sposed _a di I d -omi,n 10 shaft; and
1a h 3%? %E% %gtcghgegggxfﬁépkg%&g§¥ the main shaft,
wher gi 0 the Ei L 0L hhes il B BPRE of 51 0RbA AEL¥ossd,
_ thg S%?%tgﬁag%dhg%léﬁeagﬁ%%%§f€é % a%t %s pos??ioned
ihhendi skl r§R4oAf 1hRen"BkReARRhY @hoRl eheUgesximnam
thefpihiCthel 3581z 8RR 1REnTBLERITRG, SLofl eho pesxd

enddkbe%héoaisﬁaﬁ tha oFetBti AASAI BRa@L? L2/ LI and L2 -
LI 5 mmare satisfied, wherein L1 is the |ength of

the obhaWely SwdrPOkd+ g of dlBdewire lumen disposed

therein, the guidewire lumen following a guidewire, the
guidewire shaft being disposed at the distal end of thé main
shaft; and

a hub disposed at the proximal end of the main shaft,

wherein the tip of the main shaft is obliquely cut, the
distal end of the guidewire shaft is positioned at the
di-:stal end of the main shaft or protrudes from the distal

end of the main shaft in the distal direction, and the

‘relationships 0.5 < L2/L1 and L2 - L1 < 5 mm are satisfied,

wherein L1 is the length of the obliquely cut portion of the
main shaft in the longitudinal direction of the catheter,
and L2 is the length from the proximal end of the guidewire
shaft to the distal end of the main shaft.

2. The aspiration catheter according to Claim 1, wherein
the relationship 2 mm < L1 < 10 mm is satisfied.

3. The aspiration catheter according to either Claim 1 or
2, wherein the guidewire shaft is pfovided with a radiopaque

marker for confirming the position of the tip of the main




mai n shaft in the |ongitudinal direction of theebruary2007
catheter, and L2 is the length fromthe proxinmal end
of the guidewire 20 shaft to the distal end of the
mai n shaft. 2. The aspiration catheter according to
Caim1l, wherein the relationship 2 nm5 L1 < 10 nm
is satisfied. 3. The aspiration catheter according to
either Claiml1l or 2, wherein the guidewi re shaft is
provided with a radi opaque2325 marker for -confirmng
the position of the tip of the main 1 February 2007
23 shaft by radi oscopy. 4. The aspiration catheter
according.to any one of Clains 1 to 3, wherein at
shafkaby #2BL6XFABY - portion of the main shaft has a
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IC coatl ng.
shaft has a flexural modulus of 1 GPa or more.

5. The aspiration catheter according to any one of Claims

1 to 4, wherein at least a distal portion of the main shaft

is applied with a hydrophilic coating.




