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bMRAGLNGPRGBE HOUSI NG W TH FLUI D FLUSHI NG PRI ORI TY
CLAIM[1] The present application clains the benefit

wo@Roogogswdi ng United States Provisional PatentPCT/US2008/087209

Application Serial No. 61/008, 725, filed 2 0 Decenber

filed 5 DebangEnc BBBbE KPR TG e FpiBLFLosHiNe
i ncorporated herein by reference in their entirety.
BACKGROUND [ 2] The pres t enerally rel ates

to an imagi ng probe of ' eter. The
present invention nore specifically relates to

hanlcall scanned i magi.n r.obes _f or
Di il e aThener BUR6EuPRE e kO Ra S sLgy copenelit of
b%b%%d&%@dU%Qt%@h@t%%%@'@QBQQEXoﬁb@Eka%éhﬁehﬁbl1@%%1on
present invention still further relates to such an

SeagiagNpr-olbé /WREr LR / t hé liegngiongepeoberi s 00dnf pgdr édtent
re effici nt and Ie f1 i fI S

%%8 ca #ﬁepgrse % NPs przgﬁudé% ér#a on%oﬁ %mE 2008,
babbhesppn ithe 1‘d>ln@;l airky i0totrhe ruftéﬁa&@mie@ nt bgnsddeeknce in
of the imging probe. In addition this invention
reFate§ 6 Fivélgi ng probe configuration to ensure the
prevention of air bubbles during rotational operation
by continuously directing fluid across the inmaging
probes transmission surfadfCHEROUNR)S catheters enabl e
the imaging of internal structures in the body. |ICE
datlhet ers éhgblPe&csrRati ragengion pargeer lilnt &cAaltes to an

L r e_ho r.0 S h I r
TR ERobR by ol ke RCR A S LG, Ep ErEsen! Snvention
more specifically relates to mechanically scanned imaging

probes for use in, for example, an intravascular ultrasound
(IVUS) or intra-cardiac echo-cardiography (ICE) catheter.
The present invention still further relates to such an
imaging probe wherein the imaging probe is configured to
assure efficient and complete fluid flushing from the
catheter sheath to preclude formation of air bubbles in the
vicinity of the ultrasonic transducer of the imaging probe.
In addition this invention relates to imaging probe
configuration to ensure the prevention of air bubbles during
rotational operation by continuously directing fluid across

the imaging probes transmission surface.

[3] IVUS catheters enable the imaging of internal
structures in the body. ICE catheters enable the imaging of
larger internal structures in the body. Coronary IVUS
catheters are used in the small arteries of the heart to
visualize coronary artery disease, for example. Coronary ICE
catheters are used in the cavity of the heart to visualize
structural heart disease, including atrial septal defects

(ASD), patent foramen ovale (PFO) and to guide wvarious
1
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vicguabihzeggoronary artery di sease, for exanple.
Coronary ICE catheters are used in the cavity of the

whewpnsIBe vi sual i ze structural heart disease, PCUS2D$1087209

atrial septal defects (ASD) , patent foramen ovale

% FO .and to %gﬁge varlog roced res includiQ% se%tal lvul
GREEGHESS pé andods® élvﬁPQF FéplPac&ment - “angs varvu-ar
&@bug@ém@hhatb@@svb&@@h@eablﬁkﬁ@h@gE@éat%@n&h@&r@m@gies. To
an IVUS or an |ICE catheter will enploy at |east one

Ghetassni c abr aN¥dueer aphafEccaahes epr #sddr eMpapes afto Least
%ﬂ%bh§t¥ %%ﬂﬁ Z%&'%@du@%r‘%ﬁ%& gQQaEr%GEQQ%EBr wayes to

usual Roused I'n a surroun th or catheter
&ambée anduedtiabed oho emahbesa6@néegmaesdmsealuzamboally
ecause ai not an efficie um f o

it

t t he
PHASAI ¥4it8ARof EHETQEFASENE ﬁggeQIpFé&hééﬁrb?egPer and

eastcane ot kansducerny achlukdintenfiace ibet weepatiRe air is
transducer and the sheath in which it is disposed is

@9@aﬁpyeéﬁ®¢ﬂ@@d m@dﬂ@ﬁié@étéh? teansens silmagioRg theobe
config ratl o S prevent.t r of
niLaurat ons do nal always preyent .t hg M ormallgn of

Fes " e vicinity o
Eﬂam@duaeérﬁeselbem@een ca@pt@qmsadceerh@dwaneesabatheln

I magi ng catheter. The present _invention addresses this
Hhd ot Rér ﬁs§&é§oSSQNNEAR?UFAFYTRéOVﬁ@€ﬁt|HﬁfBFSVPé§§lY'

an ri-BRgi Ag Bk ke oh ok Usenich 5@ reat helkelof abtublkasaNkeevent
i magi ng. The catﬁeter may i nclude a sheath having an
@benﬁngmatlandpétaurebdbbéescgndmbelﬁ@uadfuuudheh@aelnity of

ugh. _Th o
SBp ed"eh et TU8 SRAPE Tor CPOPACT R cCa e anetater o the

wmb@hﬁgtb@t@b$b@| maéspm@s%@& gernenationg addedesersi RBis and

ul trasoni ¢ waves, and
other issues.

SUMMARY

[4] The invention provides an imaging probe for use in
a catheter for ultrasonic imaging. The catheter may include
a sheath having an opening at a distal end for conducting a
fluid there through. The imaging probe comprises a distal
housing coupled to a drive shaft for rotation, a transducer
within the distal housing for generating and sensing
ultrasonic waves, and

[5] a fluid flow promoter that promotes flow of the
fluid within the sheath across the transducer.

[6] The imaging probe may further include a wall
distal to the transducer and the fluid flow promoter may
include an opening within the wall and adjacent to the
transducer. The distal housing preferably has a first
profile at a proximal end of the distal housing, a second

profile at the wall distal to the transducer, and the fluid
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bak4aohhkuipd fl ow pronoter that pronotes flow of the
fluid within the sheath across the transducer. [6] The

WO pwglsig4pr obe may further include a wall di stedT/US20081€87209

transducer and the quid flom1pronDter nay i ncl ude an

ening within th nd adj acent the .

B a o BUcEP o PanaIsrar habsFRGProPPaERy Reing FrpeEer than

ﬁh@fﬁh%s@tF@oEﬁQél&@|p@@%o@% trheidi staly BoUsi RBe @ransducer

second profile at the wall distal to the transducer,

ang ﬁhéoﬂgﬁl@ﬁpowpﬁﬁéﬁﬁt@#tbﬁélG@éswﬁﬁé second profile

99 ng grea% %E%ﬂegg? %‘rsé E%%E% sp%%%DE%efEEMQd flow

fI w over t transducer and throug e openi

@hbhbﬂethmawaﬁbrtbék Iheludbhetabuhasn@ éemteheaxmansducer
pr onot er further include

and the fluid f

ﬁgﬁﬁt ﬁépPSPStﬁgetF§ﬁ§&ﬁB€Prtﬁ ta8|§88§§s ﬁ@lng toward the

thansduceeatcan sangl e nshopirng itawarkd rthe jeat het er

center axis in a proximal direction. [8] The distal

H8dsi ng ha@hé_@ﬂ@%ﬁﬁahoéﬁﬂéﬁthaﬁdatﬁéoﬁﬂmﬁd Ekgwnt and the
%rO”%F%low bﬁ%kg%e at, l%%ﬁh N&aquag %eW%tﬁhndh%%
proxi mal en di stal” "housi ng. e

@mehaquahéup&o&SmaﬂebatabhyoﬁOtﬁeddmhtbﬂnhbnelpgoxmhalat

extent of the distal housing at _an angle to the center
akPst PRE a0UPed¥floné RYGACIGEL Ymdy TE€6ApIisEiat theasroximal

%&Qeﬁ%uéfd%%bsdlgﬁ%lt%%H%QQ%e%t'%%'%Q%%eatEa%%e center axis.
surface. The at least two aqua ducts rmay include a
ﬁhesataQ@astOmethavaddUQGtQawlapmpdnﬁecatyl@asa KW@ aqua
fac%ssu&E rof t.he tra%sﬁ cer a seco%d qu%h
ER&CSai F8Et STFIGI 8C8 o the Fﬁcé rface of “the
km@n%@u@eﬂuﬁk@nm@yshﬂ@l@ﬁetBefh&@ﬁSGQQQTduEhetabt|@a&bcts
one aqua duct has a proximl side and a distal side
éﬁ@lﬁaﬁlﬁécﬁéﬁn€@t§ot@ﬁaﬁaﬁﬁeSﬁﬁéﬁpﬁapfsﬁaé rteagsdiper and a

gb%%ﬂb %b@% Bﬂct that directs fluid onto the face surface of

least

the transducer from a side of the transducer. The at least
one aqua duct has a proximal side and a distal side and may
be formed so that the proximal side leads the distal side in
the direction of rotation of the distal housing. The at

least one agua duct may include a radius of curvature.

BRIEF DESCRIPTION OF THE DRAWINGS

[9] The features of the present invention which are
believed to be novel are set forth with particularity in the
appended claims. The invention, together with further
features and advantages thereof, may best be understood by
making reference to the following description taken in
conjunction with the accompanying drawings, in the several
figures of which like reference numerals identify identical

elements, and wherein:
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bhe sdippectizon of rotation of the distal housing. The
at | east one aqua duct may include a radi us of

W@ ovasisee. BRI EF DESCRI PTI ON OF THE DRAW NGS PO1/UI1968/087209

features of the present invention which are believed
are set forth with rti.cul arit

e v STt SRR SR AR Y S T -

fleatures iandradvant agesctber eaf scomydbest heth a first
under stood by nmaking reference to the follow ng

g@SeFipENSn ofaker AVEdRjLGAEti on with the acconpanying

drawi ngs, in the several figures of which |like

ref er E4be ﬁuﬁéral@aﬁééﬁﬂip?rﬁﬁéﬁﬁﬁﬁélVéE@n@ﬁtiheaﬁ@aging
r%% neFlLG 1 E%e%e ﬁ&gw partly in section, of

an t rasontc i ng cat eter ‘i n accordance with a

first i ment of t he i nventi.on p

perspgggP & TFow SPERE e HyoH: 566375 AR TkPRerraing

ofrobkGelboaRdnkl Ghed ingedtRehSpeBhicve i €W ShawiRg cable of

anot her i magi ng probe enbodying the invention

ednpeEredasela adr ivé reaplracof( LANS) ncr&Rasedl-ar

ultrasound (I VUS) catheter. DETAILED DESCRI PTI ON [ 10]

FIG 1 shows an imaging catheter 10 with the first

enbodi nent of the present invention. The inmaging

catheter 10 is parti QBTEILDERHAGRIETIONISe as an | VUS

catheter, but those skilled in the art will appreciate

ﬂhaﬂ t he | BIent loshoay be useding manyhcathedof grink ahe first

rasound cath ters as wel |l w thout d%_antin% from
Op-B&ENt Otn\vefit PSR SSThe 1OHERELER 1 0"GenBAEIPY Catheter 10

h%C%%Q%§c%1%B§% Bd%bt%@t@%&ebsgeﬁge%nlgvﬁﬁdc%%hb%%g'n%ut
probe 14. As s he i magi ng probe 14

those skilled in the art will appreciate that the invention

may be used in many other forms of ultrasound catheters as
well without departing from the present invention. The
catheter 10 generally includes a sheath or catheter member
12 and an imaging probe 14. As shown, the imaging probe 14
is disposed within the sheath 14. The imaging probe 14 is
moveable axially within the sheath 12 to enable the sheath
to remain stationary as the imaging probe is moved to scan
the internal body structures to be visualized. Also, as well
known, the imaging probe 14 is also rotatable to enable 360

degree scanning.

[11] The imaging probe 14 generally includes a distal
housing 16, a flexible drive shaft 18, and a coaxial cable
20. The distal housing 16 is carried on the distal end of
the flexible drive shaft 18 in a known manner. The drive
shaft 18 may be formed, for example, by winding multiple
strands of metal wire on a mandrel to create a long spring
containing a repeating series of concentric rings, or

windings, of the wire. Two or more sSprings may be wound, one
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bgedippased Wi thin the sheath 14. The imagi ng probe 14

i's noveable axially within the sheath 12 to enable the
WG ®an$sst®d remai n stationary as the imagi ng predEUE208/087209

noved to scan the internal body structures to be

vi sual i zed. . Al so, . . _known, the i i ng probe .14
R B St i fh BRprEnSesraues Todnlo R i
theoisnegi g reeehentsd tgeracal bynencl udes prdivstiak a drive
housi ng 16, a flexible drive shaft 18, and a coaxia

eaplté zbatThé gicstalt lrgadilag 216 i thahiod tem st haal
' d of the flexible drive shaft 18 in a known
%gaﬁgb?gghe drive shaft 18 may be forned, for exanple,

Dy 24 Nl ng gl ke, SEraNds of ¢ g%gralag 9n.ca. gy gl
td"create a l'ong spring containi g a repeafing series
ofl teasoenlr ite ahisAgee rok2WM Bdidigsa 1ot 1phe;aw1r e4, Twndor
nore springs nmay be wound, oneover the other, Wit h

RAPEERL SPRPHGS SBELRGWEEnd I GBpBSTEES: PecEFORSINEed on

%a%QaQE@%%erTQb%kQﬁ%vQ@esTﬂedhh%ﬁl%gabb %E@tth% QQEQal tip
| exi ble and with hi'gh torsional stiffness . [1

WBéﬂa24h@mglathEeQem@gathyrlb&ladegnﬁh@tuWBra§b@ﬁdve 27.

ansducer 2 a di.stal a_proxi na
HhEnRatiehe2e S kT Bhe bRt anr Sy BRtS A hrEEeTRey s to
bhansducer rbackii g wdGe sThe chaekienga2&sand the tdiesttabnsducer
tip wall 24 are adhered together by a conductive

&dhési F8357 OnTiie SHEERVNG 28 ILdifFEnsi 6REG afdtor SaeRsducer
%s”@h‘iglt%'d #3040 t%sgg@g%ﬁgg $0RC Wa‘i‘?ls t‘h%oﬁ‘e"n'%‘%a

backsi of the tran so t at only energy from
theefronh 3mdecatedh@ytmaﬁsde@ee csaenictted 30r amethlkeerse to
ral directi icated.b

rOE e aRoReraratash S0t PENEransEurEs 12" MCLEL M cabie

20 extends down the drive shaft 18 and includes a center
conductor 32 and a shield lead 34. The center conductor 32
and shield lead 34 are coupled across the transducer 20 as
shown. The coaxial cable 20 couples energy to the transducer
to cause the transducer 22 to generate a pressure wave into
the lumen 36 of the sheath 12. The interior of the lumen 36
is preferably filled with a fluid, such as saline. The
saline flows from the proximal end of the catheter 10 to the
distal end of the catheter 10 and serves to efficiently
couple the ultrasonic energy into the sheath and then to the
body. To support the fluid flow, the sheath includes a point
of egress (not shown) for the fluid at its distal end. As
previously mentioned, it is important to prevent air bubbles
from being formed or residing in the vicinity of the

transducer 22.

[13] To assure that air bubble formation in the
vicinity of the transducer 22 is prevented, and with

additional reference to FIG. 2, the distal extent of the
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bhe sexpased surface of the transducer 22 . The coaxi al
cabl e 20 extends down the drive shaft 18 and i ncl udes

W@ 2@en8819 conductor 32 and a shield | ead 34. TheET/O8200%087209

conductor 32 and shield | ead 34 are coupled across the

tr.ans er 20 a shown. The coaxi al. cabl e upl.e

Hiarey PEueRger 1o iTurtis SR8k A e 2, Brld el By5tag and
genecahe aopressuienwavieerne .t heecl UABR236teh tBe1 24 has an

sheath 12. The interior of the lunmen 36 is preferably
PPERé89WS8h taefedind 295 a€RNAs toalthfe L rFRe dggkITNE2f | Sweximal

g;g%@%hﬁﬁBkgéh%%' 93d ot .t hie scahhetel; %% 8¢ hie digtakina

e catheter 10 and serves to e iently
couplie ﬁbemuhgrasmaperedeegyfanbo26héeadeaghtamdrﬂhehe

to the body uppo the fluid flow, th hea

EREPauESE B3 nF IR Bagleth Tt ne hoRmEPE G RECH firgxinal to
ahel £$adisst2k reng. tésdﬁ%%%uoé$|Xh@eﬁ&bﬁg@@cekt2Qsls

i nportant to prevent air bubbles from being fornmed or

residdichgdi Aowhe thiecitabeyeef cukeutr ahsdacer 282, o[ e3] the

t ~3ir b r [ [ h f
TR e PaksLa 204 B S na ik PR TdagPersag 38 in @
ceherencest aabher, 2w;thbatdtﬁkablembentt@fp&b@éh$tahr bubble
housi ng 16 i ncl udes a di st al tip wall 24 distal and
§8F§€§ﬁpnténtﬁ@etWéﬁéﬁ&égrOézth?hérép§@§PeF|p wal | 24

has an opening 38 therein adjacent to the transducer

4341pr oxi mahet 6816ke 1t Farsducel 622L the grexamatogsitrgt of

%ﬁeh%% r@&oég%ﬁhtcghg%% %Ogg‘g% E% %Eﬁﬂe%”rf% §S%6proflle

l'ead |n foward the transduc OW\Mt
théessheatihlflyvomrpnexemrak to the taahsdeaepezZetoax1s 40 and

Phper ot utott s iFadeosa. ovr “ond. eRaREAQter 225°5AaY

pub rtihe disbalsubispawalilhi10periri@s38rise @0 the catheter center
axis 40 and the fluid flow. The second profile is greater in
dimension than the first profile. Hence, this serves to
promote fluid flow through the distal tip opening 38 and

hence over the transducer 22.

[15] To further promote fluid flow over the transducer
22, the transducer has a surface 22a over which the fluid
flows that is disposed at an angle sloping toward the
catheter center axis in the proximal direction. This
presents a greater surface resistance against the fluid flow

to assure fluid contact therewith.

[16] FIG. 3 shows another imaging catheter 110
according to a further embodiment of the present invention.
The catheter 110 is similar to the catheter 10 of FIGS. 1
and 2 and hence, reference characters for like elements are
repeated in FIG. 3. To further assure that air bubble
formation in the vicinity of the transducer 22 is prevented

during rotational operation, and with additional reference

6
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9@@@|@@gu@4nanner w t hout turbul ence, to prevent air
bubbl e formation in the vicinity of the transducer.

WO 200p/0838¢9 di stal housing 16 at the proxi mal exeEnUS29D8/087209

the tapered cutout surface 26 has or defines a first

rofiLle substantiall. ransver se th t het e

GnFaE anr o thb Bra tha’l PATHTH oh Chfodped PErgiag RS is
24ndefripesdavseeondupr abicke ahsansulst anhisakhywn in Fig. 3,
transverse to the catheter center axis 40 and the
pp@iéqﬂﬁoﬂNCth@l§@@éﬁdfépéﬁip@tpst@ﬁeéﬁépSﬁﬁcaﬂnéﬁ§ﬁoﬁ2 from

i r.of i t hics r r

PP 6T S Chrolgh tha dl Star °Fi p opon b 56 ‘and henge 26"
@heﬂethhetbahsduaqmazaucﬁlap amrbumehéﬂupdomnte theid
fl ow aver e trg%h%ucer e transducer
§6PP§€8C§§a Gvér ER™M iy efP&u& f FORS "Fhat b § aqua ducts
direpesed tati nad angl @rskepingphowane ble ogatthet @fistal housing
center axis in the proximal direction. This presents a
gbeatepnsanPace visdi seancetagai Ast inke ckitendihbowloeg the

f1ui 0 therew.th. [ I ho :
SRTHREr " Magi e Bafhesr DI adsorarny 8 Fourfngith the
enbadi meetaobetiheg ﬁbe&edtwhmhemhbomntéheecahbateﬁ 31Q0ine 43

is simlar to the_catheter 10 of FIGS. 1 and 2 an
ﬁéﬁ@@leQfQ@éﬁééeéhépa&Pgr§aF8?t€FkéréW§n§H€§taﬁé and a line

papeateddingFiGrodgh Taef wehher agsune B@akhé'%qggb@h%ts 41.

formation in the vicinity of the transducer i's
préveated dupmﬁg4ﬂoaaﬁ|éﬁabr@p@paﬁmanctaddamaSnch an angle
addi t| ef erencet

PeharSed hEuSrRaiSeY: §idhndt: sordad o 5 el

éld@ndn42heAﬂl$Q@WﬂohnOEIgotatioQDeTQQQaléu@ho@hrQ@t?IG. 3
fluid onto the transducer face 22 fromthe top of the
BR6Xi FRE FOPERHR s6f SiRecdiotaPrthegsphgope,(from the view

looking distally along the catheter drive shaft 13)
indicated by 45. Further, each side of each aqua duct is
constructed with a small radius of curvature shown by 46 in
FIG. 3. One way to achieve the duct side curvatures is to
construct the ducts in a helical spiral with a small pitch,
as, for example, on the order of 0.1 inch. The duct angle
and curvature, coupled with rotation of the distal housing
16 and the fluid flow promoting structure shown in FIG. 1,
act to continuously draw fluid residing within the catheter
sheath 12, proximal to the distal housing 16, onto the face
of the transducer 22. Fluid flow within the sheath from
proximal to the transducer 22 to distal of the transducer 22
is conducted down the tapered cutout surface 26, over the
transducer 22, and out the distal tip wall opening 38 in a
continuous manner, without turbulence, to prevent air bubble

formation in the wvicinity of the transducer.

[17] While particular embodiments of the present

invention have been shown and described, modifications may
7



whicle ghhe gt her aqua duct 41 directs fluid onto the
transducer face 22 fromthe side. Further, the aqua

waelewpesssue built into the proximal portion 26 RET/USRZS08/087209

di stal housing 16 at an angle with respect to a line
xt endi ng alon the ter drive s aft 4 Thi s
ﬁoWﬁ% B %Ftﬁ Sﬁﬁlé“FﬁQF§ béPnéﬁﬁoPRBSHQFFhClalms

tthe coRker sect iseRhothankicBe 243 exterdicRd ipakakhelnt @a11
the catheter drive shaft 13 and a |ine 44 extending

wﬁﬁ@&@htbﬁetééﬁtépiéﬂtoﬁ@doﬁCPﬁ@ &duahguétgentiopopl defined

u t nd 42 are constructed at such an angle

%h? g %l%é %FOXIHH| side of each duct |eads the
dlstal S|de in the direction of rotation. This is
shown in FIG 3 with the cl ockw se direction of
rotation (fromthe view | ooking distally along the
catheter drive shaft 13) indicated by 45. Further,
each side of each aqua duct is constructed with a
smal |l radius of curvature shown by 46 in FIG 3 . One
way to achieve the duct side curvatures is to
construct the ducts in a helical spiral with a snal
pitch, as, for exanple, on the order of 0.1 inch. The
duct angle and curvature, coupled with rotation of the
di stal housing 16 and the fluid fl ow pronoting
structure shown in FIG 1 , act to continuously draw
fluid residing within the catheter sheath 12, proxinm
to the distal housing 16, onto the face of the
transducer 22. Fluid flow within the sheath from
proxi mal to the transducer 22 to distal of the
transducer 22 is conducted down the tapered cutout
surface 26, over the transducer 22, and out the distal
tip wall opening 38 in a continuous manner, w t hout
turbul ence, to prevent air bubble



10

15

20

25

30

barmapipangisn the vicinity of the transducer. [17]
Wil e particul ar enbodi nents of the present invention

wh2000/088¢n shown and descri bed, nodifications PEEG$2008/087209

made, and it is therefore intended in the appended

&h ims to. cover aII such changes and nodifications
Ph Pal W FHi ASthe true spirit and scope of the

i nvention as defined by those clainms. Wat is clained

is: 1. An imaging probe for use in a catheter for

ul tragoni g, MRGLAGy Lhepealkbet ekel nel wdi-ngnacgheath
havi ng an opening at a distal end for conducting a

filtird stherce iapough, thiee ceirhgiteg prnobBedéompri shrgthahaving

di stal housing_caupled to ! drive haft for tat|
By PEREA P ot AR e oAl HOUeLaG PEr Codauis FhgTe

ah@o&QMSIm@eUth@SQQI@r%@%eﬁom@mdsan§|UId flow
pronot er_ t hat EfmnnesflmNofthefIU|detm
sheat B 8dF68s tRESERPEnSGULEEd 20 aTﬁélVﬁaépﬁé pﬁ@ﬁerdﬁatlon'

Cla'”hltmaﬁgﬁhg% QEHQ'@ﬂeadﬁ@kﬁldh%héhnbof%qegeneratlng

t ransducer, and mhereln the fluid fl ow pronoter

end sedesiag O@emaﬁgnwptWBneshean@JI and adjacent to

t he transducer r obe of alm

wher Pt SGrLpH PRONGIRG. PagtaDF ORGESfr of e ok the Tluid
nﬁehllnalthendhe%thhecdbetsaltheoe&engdu@e&econd pr ofile

at the wall distal to the transducer, and wherein the
fluid flow promoter includes the second profile being

greater than;t, 5 ' St BEOLl &1t promete. flyi d,thaw;
over fhe trans %ce % d throug% t he open?ngeMAtﬁl the® °
wallll. d4dstaTheoi whg ngapsdbecaf, ehdi mhéreiwhehei fltihel flow
cat heter .

promoter includes an opening within the wall and adjacent to

the transducer.

3. The imaging probe of claim 2, wherein the distal
housing has a first profile at a proximal end of the distal
housing, a second profile at the wall distal to the
transducer, and wherein the fluid flow promoter includes the
second profile being greater than the first profile to
promote fluid flow over the transducer and through the

opening within the wall.

4. The imaging probe of claim 1, wherein the catheter
has a center axis and wherein the fluid flow promoter
further includes a mounting for the transducer that disposes
the transducer at an angle sloping toward the catheter

center axis in a proximal direction.

5. The imaging probe of claim 1, wherein the distal

housing has a proximal extent and wherein the fluid flow
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hassaoeenbgr axis and wherein the fluid flow pronoter
further includes a nounting for the transducer that

wWQeI®posssy t he transducer at an angl e sl opi ng tRUED200$1€87209

catheter center axis in a proximal direction. 5 . The

pr.ob wherein t |st in .
BEo TPt 20 O B TaRgthaE R phate T Ui tni OB Broximal
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i mgi ng probe of claim5 , wherein the catheter has a
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ducts include a first aqua duct that directs fluid

direc Iy rfac f. the t duc
mhereﬁn tﬁ' apaglng % ﬁ%%aaﬁa%&%l sglncpggé g gée %5 least
agea aduet diubat cdimpedts sf b deasto ttibe abaee dsrkace of

the transducer froma side of the transducer . 9 . The

i magi ng probe of claim5 , where the at |east one aqua

duct BhasracprexyiBly sihdecand aidigtal %h@?e@ﬂdtWQeE§bﬂsducer
the at | east oné aqua duct is forned so that the
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th@|&@@% aurradicds o@f tedr ¥atk8ucer, and wherein the at least

two aqua ducts include a second agua duct that directs fluid

onto the face surface of the transducer from a side of the

transducer.

9. The imaging probe of claim 5, where the at least one
aqua duct has a proximal side and a distal side and wherein
the at least one aqua duct is formed so that the proximal
side leads the distal side in the direction of rotation of

the distal housing.

10. The imaging probe of claim 5, where the at least

one aqua duct includes a radius of curvature.
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