2664-003-04 WO 2009/(185849PCT/US2008/087209 IMAGING PROBE HOUSING WITH FLUID
FLUSHING PRIQRHAX: CLAIM [1]The present application claims the benefit of copending United
States Provisiggéa(l I/D(;%%eqt Application 5 Serial No. 61/008,725, filed 20 December 2007, and Patent
Application BE ARG §42)/330,308, filed 8 December 2008, which applicaﬁgﬁgg%%ﬂi%ﬂé‘af’g)orated herein

by reference in their entirety. BACKGROUND 10[2]The present invention generally relates to an
imaging probe of an imagintPEsthterFRABE rEOBIRTNGe MG nThE Bp EHIREHY F&lates to mechanically

scanned imaging probes for use in, for example, an intravascular ultrasound (IVUS) or intra-cardiac

echo-cardiography (ICE) catheter. 15 The prgﬁgg Egyﬁntgg %iil further relates to such an imaging

probe wherein the imaging probe is configur nt and complete fluid flushing from the
catheter sheath to preclude formation of air bubblesthe vicinity of the ultrasonic transducer of the
imaging probe 20 In additiamthis inventionFelates 1@ imaging-prebercanfigtikation to,ensure the
prevention of air bubbles during rotational operation bg continuously directing fluid across the imaging

probes transmisSion suface "BIVUS %%Fﬁeﬁpe?srgﬁ]&bﬁ 8 imaging 5f ierhal 35 Sructures in the
body. ICEXcathetersaénable thé Iihaging: of lafgerinterhabstrastures vthe, badyl Caromary IVUS

catheters are ysed in the.small arteries,of the heartto-yigualize,coropary artery disease, for example.
Coronary ICE catheters are used in the cavity of the heart to visualize ) ’
which applications are incorporated herein by reference in

their entirety.

BACKGROUND

10 123 The present invention generally relates to an
imaging probe of an ilmaging catheter. The present invention
more specifically relates to mechanically scanned imaging
probes for use in, for example, an intravascular ultrasound
(IVUS} or intra-cardiac echo-cardiography (ICE) catheter.

15 The present invention still further relates to such an
imaging probe wherein the imaging probe i1s 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.

200 In addition this invention relates to imaging probe
configurstion to ensure the prevention of air bubbles during
rotational coperation by continuocusly directing fluid across

the imaging probes transmisgsion suriace.

{3] IVUS catheters enable the imaging of internal
25  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 visuaslize
30  structural heart disease, including atrial septal defects

(ASD), patent fcramen ovale (PFO) and to guide various
1



30 structural heart disease, including atrial septal defects (ASD), patent foramen ovale (PFO) and to
guide various 1 procedures including septal punctures, percutaneous valvular replacement, and
various ablations treatment strategies. To that end, an IVUS or an ICE catheter will employ at least
one ultrasonic transducer that creates pressure waves to 5 enable visualization. At least one

ransducer is usyally foused Wil & syrounding sheath arcathelarmembriAnd ilatedie-enable

360 degree visualization. Because air is not an effitient medium for the transmission of the ultrasonic
waves produced by atsanst onefansddden a FPHGA interats eteeh thé TRlredtiREr andthe sheath

in which it is dispgsed is:usyallyrprovided ddnforinately, cusrent imaging propeseonfigusations do not
always prevent the formation of air bubbles in the fluid in the vicinity of the transducer resulting in
compromised F&Rotnarcs 6P tHe T5 TMATHTT Cathefer. THE préSentifvaNtich S4dresses this and other
issues. SUMMARY- [4] |a one-aspectaf-thepresentsnvention: thereds @20-provided:an Imaging probe

for use in a catheter for ultrasonic imaging, the catheter including a sheath haying.an opgning at a
distal end for c%ﬁﬂ’acﬁngw a fitid thaer%ut%%gﬁaﬁ”tﬁg ir%gaﬁ]%%pr% (gc caogngﬁﬁsing: ‘alz%?setal housing coupled

to a drive shaftfor zatation pa raaistieices Withiy 25¢he distal hosgfor ferferatifig and seénsing
ultrasonic waves;.and a fluid flow promoger, that promotes: flow of 1he fluid within.the sheath across the

transducer.
ultrasonic waves produced by at least one transducer, a

10  fluid interface between the transducer and the sheath in
which it is disposed is usually provided. Unfortunately,
current imaging probe configurations dec not always prevent
the formation of air bubbles in the fluid in the vicinity of
the transducer resulting in compromised performance of the

15 imaging catheter. The present invention addresses this and

other issues.

SUMMARY

4] Inn one aspect of the present invention, there is
70 provided an imaging probe for use in a catheter for
uvltrasonic imaging, the catheter including a sheath having
an opening at a distal end for conducting a fluid there
through, the imaging probe comprising: a distal housing
coupled to a drive shaft for rotation; a transducer within
75 the distal housing for generating and sensing ultrasonic
waves; and a fluid flow promoter that promotes flow of the
fluid within the sheath acress the transducer.
[5] blank
(6] The imaging probe may further include a wall distal
30 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
2



f5] blank [6] The imaging probe may further include a wall distal 30 to the transducer and the fluid flow
promoter may #fcdddé an-djfening within the wall and adjacent to the transducer. The distal housing

preferably hag,afiesiREqdile at a proximal end of the distal housing, a secppgRigfils atihe wall distal to
the transducer, and the fluid 2664-003-04 WO 2009/085849PCT/US2008/087209 flow promoter

includes the s%clond profile peing,glreater than the first profile to promote fluid flow over the transducer
and through the'dPertngWithid tHe Wat57] The CHITREr RS A cerntel 8kiFafd fie fitiidficw 5
promoter may firtheriineludera Mdunting for the transducer that dispesesithe transdugerat an angle

sloping toward t@g cﬁa,tlg%tgrlgep%%r %Xi%riﬂ aoprv%g ailndirtegﬁtgioggaia] The distal housing has a proximal
extent and the Huid flow promoter mgy include af least one aqua duct 10 within the proximal extent of

the distal housing. The at leB8tore HepizedudtEs preferalily formed within the pfaxinal €xtent of the
distal housing gt apangle to the-center axis, Thesat leagtone agyaduct.may comprise at least two

aqua ducts. The transducer includes a face surface. The at least 15 two aqua ducts may include a first
aqua duct that difetts fiGiaCdifsctiy Snto e SaEE Shrfate ¥t t7e FaRsaleer-afd BeEdohd-aua duct that

directs fluid onta the:face swface-'of ihe transdueersfram=a sigde-efdhedransducer. The at least one
agua duct has ﬁ:oximal siggeancg( a diitaj side .and ay 20 be formed so that the proximal side leads

the distal side inthe direction of rotation of the: distal housthg® THe A ieaSt 678 aqtia dudtmay include
a radius of curfatuig. flow promoter may include at least one agua duct

10 within the proximal extent of the distal housing. The at
least cone aqua duct is preferably formed within the proximal
extent of the distal housing at an angle to the center axis.
The at least one agua duct may comprise at least two aqua
ducts. The transducer includes a face surface. The at least

15 two agua ducts may include a first agua duct that directs
fluid directly onto the face surface ¢f the transducer and a
second aqgua duct that directs fluid onto the face surface of
the transducer from a side of the transducer. The at least
one aqua duct has a proximal side and a distal side and may

20 be formed so that the proximal side leads the distal gide in
the direction of rotation of the distal housing. The at

least one aqua duct may include a radius of curvature.

BRIEF DESCRIPTION OF THE DRAWINGS

25 [2] The features ¢f the present invention which are
believed to be novel are set forth with particularity in the
appended claimes. The invention, together with further
features and advantages thereof, may best be understood by
making reference to the following description taken in

30 conjunction with the accompanving drawings, in the several
figures of which like reference numerals identify identical

elements, and wherein:



BRIEF DESCRIPTION OF THE DRAWINGS 25[9]The features of the present invention which are
believed to be howvel arss seaforth with particularity in the appended claims. The invention, together with
further featu&gg 2%@90?6&%9”@9% thereof, may best be understood by making reference to the following
description taken In 30 conjunction with the accompanying drawings, in the é%%’tugf(%ﬂjﬁes of which
like reference numerals identify identical elements, and wherein: 2664-003-04 WO
2009/085109PCT/11558118/087A 191 de RIGYL iS4 Bide view, raithy iisectiors of an ultrasonic
imaging catheter i agsanrdance:with & first embodiment of theinyention; ., » FIG.2 is a partial
perspective view of the imaging 5 probe of the catheter of FIG.1; and FIG. 3 is a perspective view
showing anotheriRagiHg probe &Mbotlyifyg the’iention connected to a drive cable of anint
ravascular uItrasoun%:@é/U ) Gatheter, 1 DETAILED Q&%%Q'PTQQNJJ:OE@- ;Lﬁst}foivy}s an imaging
catheter 10 with the first embodiment of t "“e‘pré)se*nﬁnvention.%e |maLgirTg"éafhéater 18is particularly
adapted fér useradan WUS eatheters bat tiids&dkNad inthi art will appreciate that the invention 15
may be used in many other forms of ultrasound catheters as well without departing from the present
invention. The catheé?“io genetafly FFCIGHES BisHeath 8 cathdtér feiBéR 2 aHiPar ffiaging probe

14. As shown, thelimaging-probe;14 lis dispesed:within the sheath 14. Theimaging.pnebe.14 is

an intravascular ultrasound {IVUS) catheter.

i0 DETAILED DESCRIPTION

[10] FIG. 1 shows an imaging catheter 10 with the first
embodiment of the present invention. The imaging catheter 10
is particularly adapted for uss as an IVUS catheter, but
those skilled in the art will appreciate that the invention

15 may be used in many other forms of ultrascund 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 gsheath 14. The imaging probe 14 is

20 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 visuvalized. Alsc, as well
known, the imaging probs 14 is also rotatable to enable 360

degree scanning.

25 11} The imaging prcbe 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 ghaft 18 in a kpown manner. The drive
shaft 1B may be formed, for example, by winding multiple

30 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 springs may be wound, one

4



20 moveable axially within the sheath 12 to enable the sheath to remain stationary as the imaging
probe is moveddeédsgaithedinternal body structures to be visualized. Also, as well known, the imaging

probe 14 is |s(§;%nh%&t%%e to enable 360 degree scanning. 25[11]The im%@?&g{&?@é% enerally

includes a ousing 16, a. flexible drive shaft 18, and a coaxial cable Istal 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 ex&fffpie 2By witding mtitiple 30 s¥ts GFihetf WirdSdh A Mandbfel 18 create a long spring
containing a repgating seres ot egneantrie ringss of ywiadingsnefthewire JEWO0:pr oL Springs may be
wound, one 2664-003-04 WO 2\00:9/_08:5849“]3C,;T/USZOOS_,/OS?%QQ over the othe{, with adjacent springs
being wound ifi Spposite’tirections 18 eackother. TAIS provided 5dr v 8h&ft tHAtis both flexible and
with high torsienalstiftness. 5[12]The distal housing 16 generally includes the ultrasound transducer
22, a distal tip wall 24, and a proximal cutout surface 26. The transducer 22 is mounted on a
transducef badkiRd 28. Thelbacking PBlane die- Bistdl&ipRaf 2aldré ddieredasgetter by a conductive

adhesive 27. 10, The hacking 28.is dimensippedand ot such-ammaterial ag to abgorb ultrasonic waves
from the backside of the transducer 22 so that only energy from the front side of the transducer is

emitted from tRe fhaliily probe 14 T iHe GEnéfal dirdttibn INdiCHET by fefere & eHaracter 30
transverse to 15 the.exposed strfacerof tl2a® trarisducer-22 »nJ hescamdal cable 20wextends down the

drive shaft 18 %Qgﬂlin(élydgs a %%nter cgngg%togszand aashci:eld ea §§é TQ bc@en,ter cgr:}ductor 32 and

. 9] THET D ) N
shield lead 34 are coupledtgcross@tﬁ% transducer 20 as shown. The coaxial cable 20 couples energy to
the transdilicer’2G té sabse th@frahsddeern?2 16 yeheraté & presstie vavetintd-the fné® 36 of the

sheath 12. The intsrior gf the. lumen 36.is preferably.Jd, dlled with afluid . sueh assaline, The saline

flows from the proximal end of the catheter 10 to the _
2 so that only energy from the front side of the transducer

18 emitted from the imaging probe 14 in the general
direction indicated by reference characier 30 transverse Lo

15 the sxposed surface of the transducer 22 . The coaxial cable
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

20 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 flecws from the proximal end of the catheter 10 to the
distal end of the catheter 10 and serxrves to efficiently

25  couple the ultrasonic energy into the shesath and then to the
body. To support the fiuvid filow, the sheath includes a point
of egress {not shown) for the fluid at its distal end. As
previcusly mentioned, it is important to prevent air bubbles
from being formed or residing in the vicinity cof the

30  transducer 22.

[13] To assure that aiy bubbkle formation in the
viginity of the transducer 22 ig prevented, and with

additionzl reference to FIG. 2, the distal extent of the



distal end of the catheter 10 and serves to efficiently 25 couple the ultrasonic energy into the sheath
and then to the bedy0To-support the fluid flow, the sheath includes a point of egress (not shown) for
the fluid at i(ﬁgiﬁ}@ﬂ% 4.9As previously mentioned, it is important to prever}:t z%irqtg%bbls%g(from being
formed or residing’in the vicinity of the 30 transducer 22. [133To assure thal VBB Yormation in the
vicinity of the transducer 22 is prevented, and with additional reference to FIG. 2, the distal extent of

the 2664-003D45W0 20097085849P CTAISIG08M8F20Ydistal Rotisihg Mtintivdesta distal tip wall 24

distal and adjagent tethe ansducer22.sthe-distaldip wall 24;has anopening 384hergin adjacent to
the transducer 22. P_roxirggll ta the transducer 22, the distal housing 16 has a proximal 5 cutout forming
|

a tapered surf&&& 26/ 1dading toward'thé fratsdlicer 32 “Ruid fiow Within thé Shealt oRi proximal to
the transducer:22 to:distaloftbiedranstiicer 22 is conducteddown the tapered qutout surface 26, over

the transdiicer 22, and out y%e %isgaléi wall opening 38 in,a 10 continuous manner, without
turbulence, to Cp:)lrlev@eunL't a%)r bfu 1& fo_rm{iﬁgn ?n theu\fi%ncft% of theet?a%ls%%cgﬁwff Thge@distal housing 16
at the proximal &xfesitof e ¥peredwitodtisurfate=?6 hasior definesta firstprofilesubrstartially

transverse to thgcatheter genter axs 40 and. 13 the fluid,flow,-The distal-tip yall.24 defines a second

profile also substantially transverse to the catheter center axis 40 and the fluid flow. The second profile
is greater in conducted down the tapered cutout surface 26, over the

transducer 22, and out the distal tip wall opsning 38 in a
16 continuous manner, without turbulence, to prevent air bubble

formation in the vicinity of the transducer.

[14] The distal housing 16 at the proximal extent of
the tapered cutcout surface 26 has or defines a first profile
substantially transverse to the catheter center axis 40 and
15 the fluid flow. The distal tip wall 24 defines a second
prefile also substantially transverse to the catheter center
axis 40 and the fluid fiow. The second profile 1s greater in
dimencsion than the first profile., Hence, this serves to
promete fluid flow through the distal tip opening 38 and

20 hence over the transducer 22.

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

25 presents a greater surface resistance against the fluid flow

to assure fluid contact therewlith.

[16] FIG., 3 shows ancther imaging catheter 110
according to a further embodiment of the present invention.
The catheter 110 is similar to the catheter 10 of FIGS. 1
30 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 iz prevented

during rotational operatlion, and with additional reference

6



dimension than the first profile. Hence, this serves to promote fluid flow through the distal tip opening
38 and 70 hencé el he dransducer 22. [15] To further promote fluid flow over the transducer 22,

the transdu%% I%a@ /gs%ﬁgace 22a over which the fluid flows that is dispos;&%sgﬁo%{g}fﬁéloping toward
the catheter center axis in the proximal direction. This 25 presents a greatér suiface résistance against

the fluid flow to assure fluid contact therewith. [16] IiIG.ﬂB shows another imaging catheter 110
according to afartheFenbodiffert 6f e present fiVerftion® FheCathéter 19655 GmAdr ic°the catheter
10 of FIGS. 1 30andr2 anckhenae; refaience eharagters-tor ke elements-ane repeaied inRFIG. 3. To
further assure that air bubble formation in the vicinity of the transducer 22 is prevented during
rotational oper%%%n?gﬁa v%%%%dg:%ﬁ)%%ﬁsefgrﬁedn%% g%%ﬁ-(%ﬁoz‘r%ém@r s 52 Lrom
2009/085849PCiF/U520087087209 to FiG:3, therproximaliexteat df theadistal hoising?26 is constructed

with aquagducts, 4% gngb%z. &%é!}mé{ Jn Fig. 3, ope aqua dugt directs flyid ontg the transducer face 22

from the top of the proximal portion of the distal housing 26, 5 while the other aqua duct 41 directs fluid
onto the transddcerTaee P2 fraffthesside CPuither, thelaqualtudts are bufit it thelproximal portion 26

of the distal hausing,16:at amanglenwith respet 10 gding extepdingralong the catheter deiveshaft 43.
This is shown [n FIG. 3 with the 10 angle theta being formed with the intersection of a line 43

extending paraift] 15t cAfatdr Hrived shEf A% And 4 Ithe 44 BxEEhding HISughIRE defter of one of
the aqua ducts4ihBothraquaducts: 41 and*2 ane gonstructedratisuchtan afgleisuch:that the proximal

side of eagh duct leads.the distal 15 side in the direction of.rotation. This is shown in FIG, 3 with the
clockwise direction of (otzeaﬁgn ( rﬁm%the view ooking (}lsf’alli/naﬁgﬁgs fe cathe E‘fr)fiari\"/”ejw sha %3)
indicated by 45:EgRRAeE @dehrside of ebehHoacdudtas eonstrictedwith & Sali radias bfrcurvature

shown by 46 iRg extending through the center of one of the agqua ducts 41.
Both agqua ducts 41 and 42 are constructed at such an angle
such that the proximal side of esach duct leads the distal

15  side in the directiocn of rotation. This is shown in FIG. 3
with the clockwise direction of rotation (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

20 PFIG. 3. One way to achieve the duct side curvatures is to
construct the ducts in a helical spiral with & small pitch,
as, for example, on the order of 0.1 inch. The duct angles
and curvature, coupled with rotation of the distal housing
16 and the fluid flow promoting structure shown in FIG. 1,

25  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

30 transducer 22, and cut the distal tip wall opening 38 in a
continuous manner, without turbulence, Lo prevent alr bubble

formation in the vicinity of the transducer.

[17] While particular embodiments of the present

invention have been shown and described, modifications may
"



20 FIG. 3. One way to achieve the duct side curvatures is to construct the ducts in a helical spiral with
a small pitch, as; $ar-exampte, on the order of 0.1 inch. The duct angle and curvature, coupled with
rotation of th dﬁ@ leﬁing 16 and the fluid flow promoting structure sh(%)wn in FlIG. 1, 25 act to
continuously draw wdq residing within the catheter sheath 12, proximal to?ﬁé%%{gmgﬁ?ging 16, onto
the face of the transducer 22. Fluid flow within the sheath from proximal to the transducer 22 to distal
of the transduce® 2Eis%coritittéd dofvn-tiertapersd &litoin afface 268 vvepiise 36dransduter 22, and
out the distal tipywall opening; 38 in-8 cantinyous mannes; yithout turbylence, o prevent air bubble
formation in the vicinity of the transducer, [17]While particular embodiments of the present invention
have been shdlirt 2l destribed® middificdtichs may °2664-008°64 Woention as defined
2009/085849PR&GT/AIS2008/Q872689 be made, and it is therefore intended in the appended claims to
cover all such changes and modifications which fall within the true spirit and scope of the invention as
defined by those claims. 2664-003-04 WO 2009/085849PCT/US2008/087209 What is claimed is:

1. An imaging probe for use in a catheter for ultrasonic imaging, the catheter including a sheath having



5 an opening at a distal end for conducting a fluid there through, the imaging probe comprising: a
distal housing €6Gpledté-a drive shaft for rotation; a transducer within the distal housing for generating

and sensingypiragonisaaves; and 10a fluid flow promoter that promotesflaw:ef dhg,iuig within the
sheath across the transducer. 2. The imaging probe of claim 1, further including a wall 'distal to

the transducerwang wherein the fluid flow 15 promoter includes an opening within the wall and
adjacent to the transcicet- 2~ "%! Tt imaging probe of claim 2, wherein the distal housing has a first

profile at a proximal end of the distal 20 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 oveér-the®ransducercamd thiréugh theepehingewithinthieawalf. <25 4. The imaging

probe of claim,1; wherein;the;catheter has,a cepteraxis-and wherein the fivid flaw promoter further

includes a_ mounting for the transducer Ehat disposes the transducer at an angle sloping toward the
catheter 30 cefifer @XiS T4 proximal direttioR™S. THE iy prolse 8f EaihcL, Wiisigin the distal
housing has a praximnst extery andwhetenibedluid:-flow: 2664-003-04

a distal housing coupled to a drive shaft for rotation;
a transducer within the distal housing for generating
and sensing ultrasconic waves; and
10 a fluid flow promoter that promotes flow of the fluid

within the sheath across the transducer,

2. The imaging probe of claim 1, further including &
wall distal to the transducer, and wherein the fluid flow
15 promoter includes an opening within the wall and adiacent o

the transducer.

3. The imaging probe of claim 2, wherein the distal

housing has a first profile at a proximal end of the distal
20 housing, a second proflle at the wall distal to the
transducer, and wherein the fluid fiow promoter includes the
second profile being greater than the first profile to
romote filuid flow cover the tTransducer and through the
cpening within the wall. '
25

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 ancle sloping toward the catheter

30 center axis in a proximal directicon.

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

housing has & proximal extent and wherein the fluid flow



WO 2009/085849PCT/US2008/087209 promoter includes at least one aqua duct within the proximal
extent of the dist&t*néitsing 6. The imaging probe of claim 5, wherein the catheter 5 has a

center axis sl nfagkginghe at least one aqua duct is formed within the ppeximelextgasRf the distal
housing at an angle to the center axis. 7. The imaging probe of claim 5, wherein the at least 10

one aqua duct comprises at least two agua ducts. 8. The imaging probe of claim 7, wherein the
transducer inchit¥sa Fce BIASE Swhidreny e ab [8ast TG adua dutts indludd s MECE4T4 tuct that

directs fluid directlyronto 4 5tihe fdce saifacewtithe transducer, and wherein the at least two aqua

ducts include a second aqua duct that directs fluid onto the face surface of the transducer from a side
of the transducer. 209. The imaging probe of claim 5, where the at least one aqua duct has a proximal
side and a distal sidefand Whergtthedatleastond aglaiduct is forsreeliso tiat the Presiemal side leads

the distal gide ify, the, diregtion-of,totation, of the distal housing. 25. 5 510, The imaging prole of claim 5,
where the at least one aqua duct includes a radius of curvature.
formed within the proximal extent of the distal housing at

an angle to the center axis,

7. The imaging prcbe of claim 5, wherein the at lesast

10 one agua duct comprises at least two agua ducts.

8. The imacging prcbe of claim 7, wherein the transducer
includes a face surface, wherein the at least two agua ducts

include a first agua duct that directs fluid directly onto

15  the face surface of the transdﬁcer, and wherein the at least
two agua ducts include a second agua duct that directs fluid
onto the face surface ¢f the transducer from a side of the
transducer.

20 9. The imaging prcobe of claim 5, where the at least ons
agua duct has a proximal side and a distal side and wherein
the at least one agua duct i1s formed so that the proximal
side leads the distal side in the direction of rotation of
the distal housing.

25

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

one agqua duct includes a radius of curvature.

10



