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- 1 DESCRI PTI ON ASPI RATI ON CATHETER Technical Field 5
The present invention relates to an aspiration
cat heter percutaneously and translum nally introduced
into the body to renobve by aspiration thronbi forned
in the internal blood- vessels and debris, such as
at heromas, released in the blood vessels, by applying
a negative pressure fromthe proximl 10 end of the
catheter. Background Art_Cpnventionally, when
stenosi s or occlusion occurs in vessels, such as
bl ood vessel s, and when bl ood vessels are bl ocked by
t hronbi, angi opl asties (e.g., PTA  Percutaneous 15
Transl um nal Angi opl asPyS@REPTI@A:  Per cut aneous
Transl um nal Coronary Angi opl ast are commonly
perforned in order®¥$ R%ﬁ.Qﬁeﬂkﬁﬁg d areas or reopen
occl uded areas of blood vessels so that blood flow in
t he peripheries of blood vessels is inproved. Mny
angi opl asties have been perfornmed 20 in nmany nedica
Techy ??qu?%ﬁ@. Furthernore, in recent years, stents

rape SeeD gt o s e s SR 00 Coener

per ST LoT R hPa BEFRY SORLDE L LD S N o e L
to éeﬂgééOM§da§ﬁf§aQEoﬂthygﬁgiafgﬁmgé #n the internal blood
vessels and debris, sugh as atheromas, released in the blood
vessels, by applying a negative pressure from the proximal
end of the catheter.
Background Art

Conventionally, when stenosis or occlusion occurs in
ﬁessels, such as blood vessels; and when blood vessels are
blocked by thrombi, angioplasties (e.g., PTA: Percutaneous
Transluminal Angioplasty and PTCA: Percutaneous Transluminal
Coronary Angioplasty) are commonly performed in order to
dilate narrowed afeas or reopen occluded areas of blood
%essels so that blood flow in the peripheries of blood
vessels is improved. Many angioplasties have been performed
in many medical institutions. Furthermore, in recent years,
stents have been used to maintain thé'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

. purpose of dilating a narrowed area or occluded area of a
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bl ood vessel. In an angi oplasty using the ball oon
catheter, first, the guiding catheter is inserted
into the fenoral artery and advanced through the
aorta, and the tip of the guiding catheter is
positioned in the opening of the 5 coronary artery.
Then, the guidewi re passing through the ball oon
catheter is advanced beyond the narrowed area or
occluded area of the blood vwessel. The ball oon
catheter is advanced over the guidewire, and the
balloon is inflated while being positioned at the
narrowed area or occluded area 10 so that the narrowed
blarkaarsaicc! Udedhrareglieldidtat edirthdahadldideen sathatrer,
deflated and renoved fromthe body. The application
fimft t Hehdhaduisbima aadtdtedren s sdmagifiakdnte thediamoal
of narrowed areas or occluded areas of blood vessels,
artgmy taned Rdvased dlaugh itdealaiy idsefitd fidre of 5 the
ot her medi cal applications, such as insertion iq}o
quiglighll calde@B dhPIsiderdissh ihttd s @990 DRy the
cavities and tubyl ar I Ssue, structures., However m@&p
COTERANIS i BT Y caldsd byt BHES TS RESHithd el Fhe
~if the occluded area is djlated by.the balloo 20
ba%%ﬂ?ﬂn%ﬁéh%ﬁﬁﬁe} eres (§§¥QH4ﬂﬁﬂ?tqﬁﬁquﬁ§u fhii™
re, detached fraomthe inner [ t I -
oc %ldoec | e c’pge rti%p% :iaﬂ © vérsessev(!‘gl d o?mhs ?%a%oﬁqg ét/aﬁ%j%?gsre S
adéghéé§56¥3%(%%%j &y§g%fﬁ the Phord yesseln 19 W ah ddhe
"esion con alnsgﬁany aﬁﬂero-plaques, there may be a
Whj]&g%?s&ﬂtrlod ;;%:’oéihﬁtor%d ald QPYarddrdie Pald an LAtRIRT area

attering of the athero
so 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 gcattering of the athero-
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. prepesitgds frRe fRPYABE| Hi

3 plaques (atheromas) to occlude peripheral vessels.
When peripheral vessels are blocked as described
above, even if the occluded area or narrowed area is
dilated, blood is prevented fromflow ng into the
peripheries, resulting in 5 slowflow or no-reflow
When such a situation arises, in the coronary artery
or the like, it is general practice to wait and see
if the blood flowis recovered, but a long recovery
time is required. According to circunstances, a
vasodil ator, such 10 as nitroglycerin, may be
admi ni stered to recover the blood flow, or a
platjeentielthtiromageénte suchuds peokbhasel magspés-| obaFRy
adm ni stered to dissolve the obstruction. In either
perdaberad Wemgefleceverhlorkedi sssdrprribgdi AEAVEVNEHRSD it
peri pheral vessels are heavily occluded to produce,
theposclusleenseygnam ssrrancduriPraly préeEatr eP18EN1Es
intra-aortic balloon punmping (1 ABP), .may be used. .
B AP Pe ERE RpY IPASKiERo0 RAL haRH 17
attenpted in which thronbi are nechanically fragnmented
Slo?ﬁélﬁw REGRCFELPPEssure i s sinul taneously applied
romthe 20 proximal,end of the catheter 1o reno
{ WG] SPEBRt REEUBBHGE ROURVR , CinCor der eat Y agbEhty oF
a.thrompus.at the at heter ti L L.ls r
thepddkeeq t3 8FfEPenbry” %F%ngﬁihgfheaﬁécﬁgﬁigglthe
blo%%m%&o%pggl%%c%%gghhbebBEoé'Eghgeggcovery time is
required. . According to circumstances, a vasodilator, such
as nitroglycerin, may be administered to recover -the blood
flow, or a thrombolytic agent, such as urokinase, may be

locally administered to dissolve the obstruction. In either

- 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
negative pressure is_simultaneously applied from the
proximal end of the catheter to remove the thrombi from the
body.

However, in order td 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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25 of the catheter to the tip of the catheter.
Consequently, in order to enhance the transm ssion of
power in the .catheter shaft, the entire catheter
shaft nust be conmposed of a hard material, resulting
indifficulty in advancing the catheter to the target
site in the blood vessel. 5 Furthernore, since a
‘negative pressure nust be applied from the proxinal
end of the catheter sinultaneously with. the
application of mechanical power, a |arge-scale device
is required, and thus this nethod has not becone
wi dely used. On the other hand, the effect of a
in catdwat aro hentiangrea the dingylsenistaiget wrfe powewhiieh thisr onbi
are renoved by aspiration fromthe body by the
catdyiid T ahadit ofthe magdtdey egfedan ehrdéniuste by Garmgsed
end has been clinically confirned. However, the
of @r dwth artiiaL ames gt ik s sHrdticon tvukeh adyancing the
aspiration is not sufficiently secured, and _only
catdRR s HE HARIRS [Tirashl rad o S aBIY af o
avai l able. The reason for this is that .the cathet
Funthefdiptifve i8R & MERTEMHE S TH S M STar etapéﬁr’teiee%f qrom
t he bl ood vessel. Nanel i nce_ .a ui dew._r
the r%?fjﬁ‘bgt RO AT & O R TR R o e st e
l.unen,. it is _no Qssi-bl e secur fii Ci - :
PRI A (1 D AR PR 0t KOS e rioan Tton. s Fhet ™
t.her. h ' Ny e i [ ' g, WY
re q%sl rperddv ?agjgdd Eoﬂu‘}sg [ %}el %g&éa{{s}gﬁ g% %A% nrgljcu %ee%wﬁ\g l()C%tle}}r
di apeter %Eh%%ehﬁﬁﬁkr%E%p%fgﬁkﬁeb%ra'G@%hb@QEYhaving a

I nCreases. nsequently, the inner dianeter of the

sindMi A NG FANES 8 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 lumen, 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
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25 used together increases, resulting in an enornous
burden to 5 the patient. In addition, since any of the
gui dewire lunens described above usually has a | ength
of about 30 cmfromthe tip of the aspiration
catheter, the catheter shaft lacks 5 flexibility,
resulting in poor insertability into tortuous bl ood
vessel s. Disclosure of Invention In order to overcone
t he probl ens descri bed abovg, it is an object of the
present invention to providé an 10 aspiration catheter
whi ch does not require a |l arge-scale device, secures
a |l argest possible aspiration lunen, and is
thespfafuienent |y flexible to be advanced to a target site
followng a guidewire and to satisfactorily track
t ofhuedsitbbnodsimesessy 25 PBeagpbdeviref LiAERAsi ve
research conducted by the resent inventors,

p it has
dessadipefdoahevenasupld yphalsl engcedhh BE gPertor? B gﬁom the
_aspiration catheter having the follogin% str %t ren
ticagd (HhGs 26Rd LpLd 98N CALRGERE oA FaS b o (?oﬁ-ﬁaﬁg ed2CkS
Nanel.y, an aspiration catheter includes,a main shaft
Flexg ity ERCRSBIFS FOn PRGTer PaFShB5ad LRer Gih, TG o1
aspiration |lumen extending fromthe proximal end to
V§iSS€af°-end of the main shaft; a guidew re shaft

Diglxjn 2 %uid%wkre Eynpn di sposed therein, the
§§1 @é\?ﬁ r 811 dRER 6% owi ng a gui dewi re,

In order to overcome the problems described above, it
is an object of the present invention to provide an
aspiration catheter which does not require a large~scale
device, secures a largest possible aspiration lumen, and 1is
sufficiently flexible to be advanced to a target site
following a guidewire and to satisfactorily track tortuous
blood vessels.

As a result of intensive research conducted by the
present inventors, it has been found that the problems can
be overcome by an aspiration catheter having the following
structure, and thus the present invention has been cpmpleted.

Namely, an aspiration catheter includes 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 of the
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the guidewire shaft being di sposed at the distal end
of the 25 main shaft; and a hub di sposed at the
proxi mal end of the nmain shaft. The tip of the main
shaft is obliquely cut, the distal end of the
guidewi re shaft is positioned at the distal end of
the main shaft or protrudes fromthe distal end of
the main shaft in the distal direction, and the 5
relationships 0.5 <_ L2/L1 and L2 - L1 _< 5 nmare
satisfied, wherein L1 istAe length of the obliquely
cut portion of the main shaft in the |ongitudina
direction of the catheter, and L2 is the length from
maitthesharfaxi malheend pofo ft thegwiademishe £ tsHaf otld quiled ydicsttal the
end of the main shaft. 10 Preferably, the relationship
distaimend lolf <hkE) gudesirsatshsffited.s Mwsé tgoafesk @l yhet he
gui dewire shaft is provided wth a radi opaque narker
disfterl eonf iofirithg e mpediaftorofondieudesisp fofom fdemgiigtal
shaft by radi oscopy. Furthernore, at |east a proximal
endpartt ithre ofaitrheshedith 1m 5 heh g¥its Ueds o4 Facdagtal a06H HEGs
of 1 GPa or nore. More preferably, at |least a dist

l,
- relgdridnshicrs thé fail? /ddafnd &2 appili &d 2wifh 2ge satissied,

hydrophilic coating. Brief Descriptiaqn of .the Draw n
whegiegn 1} &5 theodesth i%dﬁhe\/i@@%ﬁﬁng’% B9 oS ic%f] the
20 of an aspiration catheter j.n an .enbodi ment of .th
maigy Sl Arhuai GROIRTA SIS Sect Ton g Vioow™

VI ew
andzlig?twﬁgs? t&@él}%fﬁgﬁ%{ Ifg%%n{ ﬁcf earf:r%s ;Limraéit ie%@i Gt tf(:fite(:“rgd.j_@ie‘a«riJ:e
shaft to the distal end of the main shaft. .

Preferably, the relationship 2 mm = Ll £ 10 mm is
satisfied. More preferably, the guidewire shaft is provided
with a radiopaque marker for confirming the position of the
tip of the main shaft by radioscopy.

Furthermore, at least a proximal portion of the main
shaft has a flexural modulus of 1 GPa or more. More
preferably, at least a distal portion of the main shaft is
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 is 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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present invention. 25 Fig. 3 is a side view showing a

tip portion of an aspiration catheter in another

enbodi nent of the present invention. Fig. 4 is a side

view showing a tip portion of an aspiration catheter

i n anot her enbodi ment of the present 5 invention.

Fig. 5 is a schematic diagram showi ng a net hod for

eval uating the strength of aspiration catheters in the"

present invention. Fig. 6 is a schematic di agram

showing a trackability 10 asurenent apparatus for

aspiration catheters in the present invention. Fig. 7

is an enlarged view of a plate including curved
aspREitiNS cshowt o i gnohelS cBéstiMede dr t@sr pyesgnt

Qut the Invention The enbodi nents of the catheter of
invide ipresent i nvention will be described in detai

with reference to the draw ngs. However, it is to be

unéégst dodst basitlkevpewsehowingvantibnepstasd PfnfRed

thereto. 20 An aspiration catheter of the present
asgimedritdrorcatinedlandds: anedhers gbedirent =¢1 thsopressnt

or 501) having an aspiration [unmen (102 or 202)
invgindgdesed therein, the aspiration |unmen extending from

the proximal end to the distal end of the n%kn shaft,
a §iPdewi L6 §h§ppep§§3F dpagram showing a me od for

evaluating the strength of aspiration catheters in the
present invention.

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 invention |
includes a main shaft (101, 201, 301, 401, or 501) having an
aspiration lumen {102 or 202) disposed therein, thé
aspiration lumen extending from the proximal end to the
distal end of the main shaft; a guidewire shaft {103, 203,

303, 403, 6r 503) having a guidewire lumen (105 or 205)
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25 303, 403, or 503) having a guidewire |lumen (105 or
205) disposed therein, the guidewire lunmen follow ng a
guidewire, the guidewire shaft being disposed at the
distal end of the main shaft; and a hub di sposed at
the proximal end of the nmain shaft (101, 201, 301,
401, or 501). The tip of the 5 main shaft (101, 201,
301, 401, or 501) is obliquely cut. The distal end of
the guidewire shaft (103, 203, 303, 403, or 503) is
positioned at the distal énd of the main shaft (101,
201, 301, 401, or 501) or protrudes fromthe distal
end of the main shaft in the distal direction. The 10
digpR)Rld ashidis:,0.thes guiielwl rand uii2n- ficll lowifignm guddewire,
satisfied, wherein L1 is the length of the oinqueEy
t heC Wu iptiiren sofa fithéeimgj mlispaised BE1,thz0dis3ed, engh ofoithe
501) in the longitudinal direction of the catheter,
maiansHaXti ;s drie d éngt kifspomechet mhexinrexiawd end pd the
guidew re shaft (103, 203, 303, 403, or 15 503) to the
maigi strel ftend 0df, 298, m@0d ,sH&fly erob01do1, Thel tipopf the

501). In each of Figs. 1 and 3, the distal .end of th
maiguistevitr el 1$Haf 201030 303 ioF Nkt iloﬁné?&’létq“@ﬁréf cut.

distal end —of the main shaft (101 or 301), . 1n.each of;
Theridjgtal il £ e gpidesirend fqlﬁ; i e ghaﬁt ’
or A SHaOLIOETH A1) 1o LRGS0 A TGOt gR, SHact
(11 P4l s Chr ot 6 ORt R8s SO Tepgstal
encggég qﬁgelamfa%bgsgée?faq SINGs & he Quidew L& diyen @Qs or
relationships 0.5 < L2/L1 and L2 - L1 < 5 mm are satisfied,
wherein L1 is the length of the obligquely 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 bf the
guidewire shaft (103 or 303) is positioned at the distal end
of the main shaft (101 or 301). 1In each of Figs. 2 and 4,
the distal end of the guidéwire 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 disposed at

the tip portion of the aspiration catheter, it is possible
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25 the tip portion of the aspiration catheter, it is
possi bl e to advance a guidewi re, which the operator
perform ng an angioplasty is accustonmed to using, to
the periphery of the lesion first. Subsequently, the
aspiration catheter of the present invention can be
~delivered along the guidewire. 5 Delivery of the
aspiration catheter along the guidewire also enables
treatnment of highly tortuous portions and
bi furcations in the coronéré artery and cerebral bl ood
vessels. By obliquely cutting the tip of the main
shaft (101, 10 201, 301, 401, or 501) and attaching
to therdiddeniga dewier, HAZhorR0Dperttoet @erdorivigease
inrigidity of the catheter shaft due to the
andidgciymnti ofaddie tgiedewiar erdivmen to 108 peri@dervawibéhe
m ni m zed. However, when L2/L1 < 0.5, if the
lespi ratdsom csubeteerueans yi,t Hdreavarspinddrion siatdattiegn dfn the
15 which anot her catheter is caught between the tip of
preswnt adspraratiicon ceat et efe ldme ndse agyindehilee gulifewire.
guidewire lunen (105 or 205) of the aspiration |
Deldathat evf Bdvomepicadiion daidiedier iHiew itdedavgelstise alse
Wien L2 - L1 > 5 mm, the portion in which the
enajiafeii e tnardn of1 65 Iyl 2 05)F U PATHOREd 36 t he
~main shaft (101, 201, 301, 401, or %g%% [ od
bi fusi e, Lrandie IROTANGd (BF [GEY 178 arebEe s i
increases greatly. Consequently, trackability of the
Vesg§iFation catheter in tortuous bl ood vessels greatly

B A g B s 0 (2D e THE'BLOLCsnbe (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 .2/l < 0.5,
if the aspiration catheter is withdrawn under a situation in
which another catheter is caught 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 the catheter shaft increases
greatly. Cdnsequently; trackability of the aspiration
catheter in tortuous blood vessels greatly decreases, which
is undesirable. Therefore, the relationships 0.5 < L2/L1

and L2 - L1 £ 5 mm are preferably satisfied.
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25 and L2 - Li <_ 5 mmare preferably satisfied. - 10
Furthernore, by disposing the guidewire |unen (105 or
205) only on the tip of the main shaft (101, 201, 301,
401, or 501), it is possible to secure a |argest
possi bl e aspiration lunmen (102 or 202). At the
proxi mal side of the 5 guidewire |lunen, the guidewire
is disposed in parallel-with the main shaft. Wen the
length L1 of the obliquely _cut portion Cat the tip
of the main shaft in the‘l&ﬁgrtudinal direction of

the catheter is less than 2 mm there is a higher risk
of 10 damage to the inner wall of the blood vessel by

t hepeahbshere, thy duspagitdetiasvancesente ofutde (105 or
cat heter through the tortuous blood vessel. If the

205)enghly bh exeeedp b6 mhe mhinbebemes (PRI g0kt 861, 401,
efficiently renove blood clots by aspiration.
or Boanef ateisppebetaiky ot Becnekani dashegt2rassibpieL1 10
mmis satisfied. The advantage of the present |
aspimeenibnoiumennd 02part 26@D ar | Htr sber pepgdnpy efge of the
met hod for bonding the guidewire shaft (103, Zgg, b
guisesiré03umen, 563 Coidkeimg A4S dhgpesedoin pgraligt, wi
401, or 501). Nanely, if the 20 guidewire shaft (103,
the2@8,in3632£403, or 503) and the main shaft (101, 201,
301, 401, or 501) are congosed of nﬁteri l's %hat gan,.
beWhendetet berath bthef, BonaPhyatar Ybsuﬁep% ned by
théigggmg% g%%h%ginﬁg&gf%si% %%%tl%%%k%%%i%%ﬁc%i§ection of
the catheter is less than 2 mm, there is a higher risk of
damage to the inner wall of the blood vessel by thé catheter
tip during the advancement of the catheter through the
tortuous blood vessel. If the length L1 exceeds 10 mm, it
becomes difficult.to efficiently remove blood clots by
aspiration. Therefore, preferably, the relationship 2 mm <
L1l £ 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 mgin
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 a 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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Alternatively, if the guidew re shaft and the main
shaft are 25 conposed of materials that cannot exhibit
sufficient bonding - 11 strength when wel ded, bondi ng
may be perfornmed by a nethod wusing an adhesive or the
like. I'n such a case, the chemical species in the
adhesive used is not particularly Iimted. For
exanpl e, a cyanoacryl ate, urethane, epoxy, or silicone
5 adhesive is preferably used. The curing nmechani sm
of . the adhesive is aIsd“ﬁB%'barticularly [imted.
For exanple, a noisture-curing, two-part curing, or
phot o- curabl e adhesive - is preferably used. If the
st r@Hgen R s hallaerd Bdiriimmj ays haf tpearfermenbéyed okthod
mat'eri al s having poor adhesion 10 properties, surface
usitdgeatierhdmywd e parforingd . f dm exanple cassy dbpgehenical
pl'asma or corona discharge, or using a silane
speaay iitg Bgentdnds wehersat hist erqt ipe wriderl argl ye drifiiogd -
the position of the tip of the catheter by .
Forr adizngcony ,a tdyenmpdceniate shafathar® ( EFPE0PT Fodlcone
403, or 503) is provided with a radi opaque narker
adhellidre 20 p3oPErakily used04)ThHoorcwWodid MAGHER R of the
position of the tip of the aspiration catheter b
adbyesdiwss cigh\a 1 5¢ fnatha i Yperiiey rﬂalrweé‘fect-lof,orzc?ifa\‘%ﬁf @
404, or 504) is provided on the mai.n shaft 01, 201,.
mo BEUr oL T b9 509C R g S MO&&H&S‘? Faditsive

55 (o I GrLasel T Ene I ORITITY, G R LAl
sh$¥¥t§¥éﬂéo£g§gég(gf%még§§ials 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

- the 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 radiopaque marker (104, 204, 304, 404, or 504) is
provided on the main shaft (101, 201, 301, 401, or 501), the
portion provided with the radiopaque marker becomes

extremely rigid, resulting in a large decrease in the
trackability of the entire catheter. Therefore, the.
radiopaque 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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radi opaque marker (104, 204, 304, 404, or 504) having
a mnimally required size is preferably provided on
the 25 guidewire shaft (103, 203, 303, 403, or 503). -
12 The advantage of the present invention is not
particularly restricted by the nethod for attaching
the radi opaque marker (104, 204, 304, 404, or 504).
Nanely, the radi opaque marker may be bonded usi ng an
adhesive or the 5 like, physically fixed (by swagi ng),
or attached by any other hod. In order to mnimze
damage to the inner wall of the bl ood vessel due to
t he radi opaque nmarker (104, 204, 304, 404, or 504),
preher ablynthige sadtepasvessmt kenvedOdon 294701304,
404, or 504) 1s fixed by swaging and the 10 difference
parich.cevell yoekweenctke by dew metsbdf fof188Fagblng 8bs,
403, or 503) and the radi opaque nmarker (104, 204, 304,
radd@paqoe HA4)keirs (16ducéflas 3Adeh484,possihrie. Namely, the
Furt hernore, the radi opaque marker (104, 204, 304,

. radd@paquer meEEE mupybbec bppdsed ust nanptmagBesiret Rat the

shows high 15 visibility under radi oscopy.

_ py. . A netal
1ikeat phivalicaddoh fagedstByns@agisgeel OIg élt&écaﬁdgﬁé{t Phdm
is preferably used for the radi opaque nark%g. A %old 11
othagir ¢thedpl atitngFAgr &9, mdpinige PPREIFay a8 HEIET W4

used. Furthernore, at |east a proxinmal portion th
of filien bA@oshaesselotnerse, t 1,ra&‘6f,1°aaﬂl95§‘f)ftkre§ (b4, %04,

preferably sed of

304ﬁ|éQ&paprnéﬁﬁgggpgpffrégiygi%%én%%%h%%agﬁgeEgékegdHHO%,
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 radiopaque 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—modulus
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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nore. By using the shaft conposed of such a
hi gh-modul us material, power at the proximal end can
be fully transmtted to the tip of the catheter, and
in addition to the pushing 25 force and the pulling
force, the rotating force can be 13 sufficiently
transmtted to the tip. The main shaft (101, 201, 301,
401, or 501) preferably includes two shafts, i.e., a
proxi mal shaft and a distal _shaft. The distal shaft
i s preferably conmposed of” &% material having a | ower
modul us conpared with the proximl shaft. Preferred
exanples of the material for the distal shaft include
sufialeehing rapehyaredeso poelyespers, pol yuret hanes,
pol yol efi'n el astomers, pol yam de el astoners,
pokyeskheinekpsteners1, apdi poByuy etbaneoel 381 bnprsfetably
Preferred exanples of the naterial for the proxinal
incShafds dwaclstdetpo! Vi.wi.des, ppokjarildehifitdesd poldjstiher
et her ketones, stainless steel, and nickel-titani um
shadt .0y Thelhid stedt Ishe fror sbondifiegable dospalseshagft 2t o
the proximal shaft is not particularly Iimted, and a
materawni. ietviod;, asdohreas mpSlnielsdicegrar eddWédiho irheniy ordmal
used. Preferably, the change in rigidity at the ]oinH
shalfet.we dir etiee rdids ealamsi gt ofn Fhen 8atsrd RilngoLs 4133’03
reduced so that rigidity caontinuousl changes in the
shafgnginaldidsaPodived eias - oP AYETESiSSr aPPd S SEativat er . 20

Preferably, at |east .a distal portion_of t.he nmin
pokyﬂﬁqthangg, polyolefin elastoners, polyamld% @aastomers,

polyester elastomers, and polyurethane elastomers.
Preferred examples of the material for the proximal shaft -
include 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 particuiarly 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
éhanges in the longitudinal direction of the aspiration
catheter.

Preferably, at least a distal portion of.the main shaft

(101, 201, 301, 401, or 501) is applied with a hydrophilic

‘coating. In the aspiration catheter, if the size of the

aspiration lumen (102, or 202) is increased, the outex
diameter of a tube constituting the main shaft (101, 201,_

301, 401, or 501) increases, and thereby the sliding
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(101, 201, 301, 401, or 501) is applied with a
“hydrophilic coating. In the aspiration catheter, if
the size of the aspiration |unen (102, or 202) is
increased, the outer dianmeter of a tube constituting
the main shaft (101, 201, 25 301, 401, or 501)
i ncreases, and thereby the sliding - 14 friction of
the aspiration catheter with the inner wall 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
£riRlaQd ¥eS$8leS o shs rRraber ablkyeapp! e@hwithle dnner wall of
hydrophilic coating to reduce sliding friction. The
theA B3 ge s@k 1t he di-esent wheverheoaspd raation catheter is
particularly restricted by the nethod for applying the
inst3-thydriephi the eQatddgeantlthe Thetrefiocale f dhet idstal
hydrophilic coating, and the nethod and the material
porEYDST aper aprimatstlafts €l16dt, e@0depéiding0dn e 501) which
properties of the main shaft (101, 201, 301, 401, or
is 504hlvt A kglivden ke shafrtedld3to2¢rtapss bdgodvessels
503), etc. For exanple, a 15 hydrophilic polynmer, such
is aefeinabdyhyparddipst hilth getiygeopbatldc Gasitiadr Hoakegace

or polyvinyl pyrrolidone, is preferably used.

sligimchdmisitd,otby adj usting the thickness of and the

material for the hydrophilic coating in the
| oRGPt advaaLader &t £BR BFeﬁﬁatnaPHegﬁéPP,l?h8°§|iding

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 k101, 201, 301, 401, or 501), the guidewire shaft
(103, 203, 303, 403, or 503}, etc. For example, a
hydrophilic polymer,.such as poly(Z—hydroxyethyi
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 increase 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
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20 friction can be controlled so as to gradual ly
i ncrease or decrease. The exanpl es and conparative

exanpl es of the present invention will be described
in detail below (Exanple 1) 25 A main shaft was
conposed of two shafts, i.e., a -- 15 proximal shaft

and a distal shaft. As the proximl shaft, a
polyi m de tube with an outer diameter of 1.5 mm an
inner dianmeter of 1.3 mm and a length of 110 cm was
formed by dip formng ustng a varni sh conposed of
polyam c acid. As the 5 distal shaft, a tube with an
outer dianeter of 1.5 mm an inner dianeter of 1.2

prdlﬁ}m nd,d drengid 013i3Q aamswag tf.or med they pextrinsiloshatt, a
nol ding using a | owdensity pol yethyl ene tube

polFASRM ¢ wkrpan #Rol ¢t hemeGopaimaticanof Thé ditamener nafer
one end of the proximl shaft was reduced by thermal .
di MW NG £ 1O, 3Then pardd an liemgei off t1HE dimmetserfowged by dip
reduced was inserted into the distal shaft and fixed
Form repndi gy usingrral shweoparisecc i mp Weetivame iddhedisy &he
(Ni pporan 4235/ Coronate 4403, Ni ppon Pol yuret hane
di dtndusthraf1Go.a titek )witdndint lvetteal fismgier s ]t'i‘?elrf@by an
obtai ned. Since the distal shaft was conposed 15 of a d
inrmet etizetwnt ohoor2 adheginsh pricpertt &f Bxkyged 3 fﬁﬁ“e
treatment was perforned before bonding. The tip of th
by resitrrishiafn o Wiy 2 rlﬁb—ﬂ%%ﬁygtpo%ﬂ%ﬁﬁ?&% tt’%e
in the |longitudinal direction of the.catheter
(LE480M, Japé% Polychem Corporation). fﬁe éﬁameter of one
end of the proximal_shaft'was reduced by thermal drawing.
The poﬁtion’in which the diameter was reduced was inserted
into the distal shaft and fixed by bonding using a two-part
curing urethane adhesive (Nippbran 4235/Coronate 4403,
Nippon Polyurethane Industry Co., Ltd.), and the main shaft
was thereby obtained. Since the distal shaft was gomposed
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 L1 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 radiopagque marker
composed of platinum 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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was 2 mm 20 A tube with an outer dianmeter of 0.6 mm

an inner dianmeter of 0.42 mm and a length of 10 nm

was formed by extrusion nolding using a high-density

pol yet hyl-ene (HY540, Japan Pol ychem Cor poration), and

a radi opaque marker conposed of platinumw th an

outer diameter of 0.72 mmand 25 an inner dianeter of

0.65 mmwas fixed by swaging on the. - 16 center of

the tube. A guidewire shaft,Z was thereby fornmed. The -

gui dewi re shaft and the maitP shaft were pl aced so that

the length L2 was 1 mm(refer to Fig. 4), and bonded

to each other by heat sealing. During bonding, in
cen®kdeb it @hgegube.a A guidewire buheEn and aheaspiyr &vicoad.

| umen, protective mandrels were inserted into both
Thes BafiiewiAchdbaffor ard hyrei mpact isba fioldirrgplscrg so that

pol ycar bonate ( Mkl oron 2658, Bayer AG was fixed on
thet henptoxiitakaend ofi (reéemaito $haf.t 4by boAdbrgdadi hg §ach

two-part curing urethane 10 adhesive (N pporan
oth423byChreanatteadd 08, NDpgémoPblopdiagha8 OFAGHstPySegure @

Ltd.). An aspiration catheter was thereby produced.
guifewdnms uRENA2sdt hat 85DIAS t3P8d 88 as PRRTES kAP e Mendrels

except that L1 15 was set at 2 nmand L2 was set at 4
wergmingeraesl éngp Rotht KFEEETSwas produced as in Exanpl e

1 except that L1 . , . .

A hug 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 Polyurethane

Industry Co., Ltd.). An aspiration catheter was thereby
produced.
{Example 2)

A catheter was produced as in Example 1 except that L1
was set at 2 mm and L2 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 sel 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 mnr, 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 L1

was set at 10 mm and 1.2 was set at 15 mm.
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was set at 2 mmand L2 was set at 7 nm (Exanple 4) 20

A catheter was produced as in Exanple 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 (Exanple’

5) A catheter was produced as i.n Exanple 3 except that

LI 25 was set at 10 mmand L2 was set at 15 mm - 17

(Conparative Exanple 1) A catheter was produced as in

Exanpl e 1 except that L1 _ set at 2 nmand L2 was

set at 0.2 mm (Conparative Exanple 2) 5 A catheter

was produced as in Exanple | except that LI was set

at 2 nmand L2 was set at 10 nm (Conparative Exanple
(CppaxatdviseEgampds produced as in Exanple 3 except that

L1 was set at 10 mmand L2 was set at 2 nm 10

(Chnpatheros Wranpreduged eat et Brampke pt ogigeedt akhph L1

Exanpl e 3 except that L1 was set _at 10 nmand L2 was
wassgeta@tog A a0y &PudEBoRehf 2boRdPn™st rengt h bet ween

the mai.n shaft and_ guidewire shaft) 15 As shown in
(Compgrasiven&%@BPHEL &P in each OF the exanpl es and

o gg%hé%&reéggpbggdﬁggdfggtfgegxgﬁéfe 1 except that L1

was set at 2 mm and L2 was set at 10 mm.
(Comparative Example 3)

A catheter was producedlas 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 L1
was set at 10 mm and L2 was set at 20 mm.

(Evaluation of bonding strength between the main shaft and
guidewire shafﬁ)-

As shown in Fig. 5, the catheter in each of the
examples and comparative examples was fastened 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 tensile test
was performed at a rate of 50 mm/min to measure the bonding
strength between the main shaft and the 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 the measured value. The results

thereof are shown in Table 1.



fasteners 507 of a tensile tester with a mandre

506

havi ng an arc-shaped end being inserted into a

_guidewire shaft 503.
50 mm and the tensile test

rate of 50 mimn to neasure the bonding

The fasteners 507 were spaced at
20 was perfornmed at a

strength

bet ween the nain shaft and the guidewire shaft. Wth
respect to each of the exanpl es and conparative
exanpl es, neasurenent was perforned with n = 3, and
the nmean val ue mas_consraéuﬁd'as t he nmeasured val ue.

The results 25 thereof are shown in Table 1.
Tabl e 1 Eval uation of bonding strength between the

TagT® N shaft and guidew re shaft Bondi ng
L1L2L2/ L1L2- L1strengt Trackability (m)(mm) (mmh (N)

- Evaixargilen X1 Gdndiif. ASatrigifha biedmp cEx gl ain shaft and
2242.02.011. 8Sati sfactory Exanpl e

guidAdreb. X t3Sat i sfact ory Exanpl e
41050. 5-5. 06. 6Sati sfactory Exanpl e
510151.55.012. 1Sati sfactory Sati sfactory ConparatiD d

- 18

not pass|ve20.20. 1-1.}181. 7t hrpugh bentBonding
L1 L2 L2-L1 | strengt Vo
2/L1 Trackability
() | (rem) L2/ (rarn ) h
(N)

Example 1 2 1 0.5 -1.0 6.2} 8atisfactory
Example 2 2 4 2.0 2.0 11.8 | Satisfactory
Example 3 2 7 3.5 5.0 12.3 | Ssatisfactory
Example 4 | 10 5 0.5 -5.0 6.6 | Satisfactory
Example 5 10 15 1.5 5.0 12.1 | satisfactory

. Satisfactory
Comparat.. 8 1.7 Did not pass
ve 2 0.2 0.1 1 "' | through bent
Example 1 portion
Comparati Kinking .
ve . 2 10 5.0 8.0 11.5j occurred 1n

.| Example 2 catheter

. Satisfactory
Comparatl 0 2.9 Did not pass
ve 10 2 0.2 8. "7 | 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

catheter 604 were disposed in a tank 601 filled with a
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Exanpl e 1portion Conparati Ki nki ng

ve2105. 08. 011. 5occurred in Exanple 2cat heter

Sati sfactory Conparati Did not pass

vel020. 2- 8. 02. 9t hrough bent Exanpl e 3portion

Conpar at i Ki nki ng vel10202. 010. 011. 9occurred i n Exanpl e

4dcatheter 5 (Trackability neasurenent 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 - 192 hysiol ogical saline

solution kept at 37C, and a henostasis. valve 606 was

fixed to the guiding catheter 604. The tip of the
phjyﬂdm Gat hehamh H66410as ceoneeet ed BO °a,phatieabB2mostasis

provided with a sinulated coronary artery, and a
vald ¢oW hes Fi6RR @b 8hel4hidin35ohthmitenas04. The tip of

prelimnarily passed through the guiding catheter
thebQhi A1 hewnhdtrFiegs wasa cpoingettheyl doe at pBat?0e02

serving as a sinulated coronary artery was disposed
pravidedhdtid 202 irarid tielde cpalopetryy lete tubendoe guidewire

i ncluded a bent portion 703 and a linear portion 704.
605TheE 0.014" (0.3556 mm) was preliminarily passed through

the guiding 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 radius 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 examples was inserted ihto 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 1 to 5 of the present invention,
the bonding strength between the main shaft and the

gquidewire 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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10 bent portion 703 had a radius of curvature of 15
mm and the Ilinear portion 704 had a |l ength of 80 mm
The pol yethyl ene tube 701 had an outer dianeter 705
of 5 mmand an inner dianeter 706 of 3 mm Each of
the aspiration catheters in the exanples and
conparative exanples was inserted into the 15 guiding
catheter 604 fromthe henostasis valve 606 and passed
al ong the guidewire 605, and the operability thereof
was neasured. The results &% Shown in Table 1. In
each of Exanples 1 to 5 of the present invention, the
bondi ng strength between the main shaft and the 20
is GHARW r enshafbries sukkieCheptirntiibghcathét2rN wael2. 3
N, and even if another catheter is caught between the
corddiRicdfed he haspi haghopeadohetberceand the guidewire, it
is possible to safely operate the aspiration catheter
wi bhouhebberkirnganfl, iheegaohdefi EempanehiveuExhephbpel
trackability in the bent 25 portion of blood vessel is
and @, sfladtcorgp amd fgodendpdralgikabtiyl iry2dn thes pewy, portion
Therefore, these aspiration catheters are considered
of tthehavienHiagledpérloocnmessslOd & KEo¥hetNia k1R ST enIth
of Conparative Exanples 1 and 3, although suff%;ient
is taxdoleatsily thew @t e béhttopdr-td &h  FPEESHRE Ssi MAtat ed
bl ood vessel is shown, the bonding strength is
opegsatri@reliF oW &NSBIEIN to 2.9 N Therefore, safe

operation is not ensured. _ln each gf arativ '
Exgﬁpﬁéghzogngogpagﬁglgsnggﬁapﬁes 9 aggnﬁ, 8hk 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 using
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 guidewire

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 simulated 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 in rigidity at the joint

bet ween the main shaft aﬁaz¥%é'guidemﬁre shaft.

I ndustrial Applicability As descri bed above, the

present invention can easily provide an aspiration
maigakhatrer iwheredhngha mdipnoshaht havnnghaZ® as obliquely

aspiration lunmen disposed therein, the aspiration
cutl,utte extendi egd LEmthee goridewiek ehdftoishpogiisiagned at

end of the mmin shaft; a guidewire shaft having a
thegdiidewilr endumen thei spdsedhefér eirnprehsuggisdé&Wicre thgmen

following a guidewire, the guidew re shaft being
distidpesdd oft thiee maiist ghadifd iof thre J25tadi AlERELEONangnd

hub di sposed at the proximal end of the 21 main
thespafleriphehdps Ohé & p2dEL1t BBAdmhen—shaf & Ps™bPEGuel y

cut, the distal end of the guidewre ﬁgaf% IS 1 c
satjgdietonglicaein hd diSsthe dfgIsh Phetha APLAGFELEr €1

protrudes from.the_di_stal d of th in.shaft in th
porfignaPLathELTPOR SBAGL &% 8% dPRATGHERPRL figegtioh"Be

L2/ L nd L2 -, LI, < mm.ar e, .satisfied, I ej
thei§aFﬁ§%ﬁ§ng?ﬁdo#2tH§ g&% &ﬁ@ﬁyhcu%O%pgﬁgi g%%#%ﬁgeéﬁd of

then%hgd%QQE% g%a%%etEpQ%Eﬁ%qg%%& gh@?%Ei%%epRain 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

élong the guidewire.
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the catheter, and L2 is the length fromthe proxinal
end of the guidewire shaft to the distal end of the
main shaft. In 10 the aspiration catheter, the | argest
possi bl e aspiration |unmen can be secured, and
sufficient flexibility is achieved which allows the
catheter to track tortuous bl ood vessels along the
guidewire. - 22 CLAIMS 1. An aspiration catheter
conprising: a main shaft having an aspiration | unen
di sposed 5 therein, the aspffation |unen extending
fromthe proxinmal end to the distal end of the main
shaft; a guidewire shaft having a guidewire |unmen
di sposed therein, the gutgewee |umen follow ng a
guidewre, the qguidewire shaft being disposed at the
distal end of the main 10 shaft; and a hub di sposed at
the proximl end of the main shaft, wherein the tip
of the MMbirshedd dscroldgueinprciding:he distal end of
the guidewre shaft is positioned at the distal end
of & he ifRighaghatiavihgpeat aegésatiom theedi stiapotsdend
of the main shaft in the distal direction, and the
thewdat, atshi gspOrdt ol Zinerardciending f<ron5 the aeximal
satisfied, wherein L1 is the length of the obliquely
end Uto pdrd idistafl térel amithes mafim jThafe | ongi t udi nal
direction of the catheter, and L2 is the Ien%th from
t he puoxiendlreesdadt hAFiggi dedidewire 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 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
distal end of the main shaft or protrudes from the distal
end of the main shaft in the distal direction, and ther
relationships 0.5 < L2/L1 and 12 - L1 < 5 mu 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 méin 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 piovided with a radiopague

marker for confirming the position of the tip of the main



20 shaft to the distal end of the main shaft. 2. The
aspiration catheter according to Claim1, wherein -the
relationship 2 mm<_L1 < 10 mmis satisfied. 3. The
aspiration catheter according to either Claim1 or 2,
wherein the. guidewire shaft is provided with a
radi opaque 25 marker for confirm ng the position of
the tip of the main -- 2 3 shaft by radi oscopy. 4.
The aspiration catheter according - to any one of Cains
1 to 3, wherein at |east -a4doxinmal portion of the
main shaft has a flexural nodulus of 1 GPa or nore. 5
5. The aspiration catheter according to any one of
ainms 1.to 4, wherein at |east a distal portion of
Sha&%ebﬁbﬁﬁd§ﬁ§FPpyrs applied with a hydrophilic coating.
4

The aspiration catheter according to any one of Claims
1 to 3, wherein at least a proximal portion of the main
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.



