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(57) ABSTRACT 

A method for removing an occlusion is provided comprising 
introducing a transverse mode ultrasonic probe into a blood 

vessel, positioning the probe in proximity to the occlusion, 
and transmitting ultrasonic energy to the probe, until the 
occlusion is removed. The probe has a small cross-sectional 
lumen and is articulable for navigating in a tortuous vessel 
path. The probe can be used With acoustic and/or aspirations 
sheaths to enhance destruction and removal of an occlusion. 
The probe can also be used With a balloon catheter. The 
probe, sheaths, and catheter can be provided in a sharps 
container Which further provides a means of affixing and 
detaching the probe from an ultrasonic medical device. 
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APPARATUS AND METHOD OF REMOVING 
OCCLUSIONS USING AN ULTRASONIC MEDICAL 
DEVICE OPERATING IN A TRANSVERSE MODE 

RELATED APPLICATIONS 

[0001] This application is a continuation of application 
Ser. No. 09/776,015, ?led Feb. 2, 2001, Which is a continu 
ation-in-part of application Ser. No. 09/618,352, ?led Jul. 
19, 2000, now US. Pat. No. 6,551,337, Which claims the 
bene?t of Provisional Application Serial No. 60/178,901, 
?led Jan. 28, 2000, and claims the bene?t of Provisional 
Application Serial No. 60/157,824, ?led Oct. 5, 1999, the 
entirety of all these applications are hereby incorporated 
herein by reference. 

FIELD OF THE INVENTION 

[0002] The present invention relates generally to medical 
devices, and more particularly to an apparatus and method 
for using an ultrasonic medical device operating in a trans 
verse mode to remove occlusions from a blood vessel. The 
invention also relates to an apparatus and method of using 
balloon catheters emitting ultrasonic energy in transverse 
mode, to remove vascular occlusions. 

BACKGROUND OF THE INVENTION 

[0003] Vascular occlusions (clots or thrombi and occlu 
sional deposits, such as calcium, fatty deposits, or plaque), 
result in the restriction or blockage of blood How in the 
vessels in Which they occur. Occlusions result in oXygen 
deprivation (“ischemia”) of tissues supplied by these blood 
vessels. Prolonged ischemia results in permanent damage of 
tissues Which can lead to myocardial infarction, stroke, or 
death. Targets for occlusion include coronary arteries, 
peripheral arteries and other blood vessels. The disruption of 
an occlusion or thrombolysis can be effected by pharmaco 
logical agents and/or or mechanical means. HoWever, many 
thrombolytic drugs are associated With side effects such as 
severe bleeding Which can result in cerebral hemorrhage. 
Mechanical methods of thrombolysis include balloon angio 
plasty, Which can result in ruptures in a blood vessel, and is 
generally limited to larger blood vessels. Scarring of vessels 
is common, Which may lead to the formation of a secondary 
occlusion (a process knoWn as restenosis). Another common 
problem is secondary vasoconstriction (classic recoil), a 
process by Which spasms or abrupt closure of the vessel 
occurs. These problems are common in treatments employ 
ing interventional devices. In traditional angioplasty, for 
instance, a balloon catheter is inserted into the occlusion, 
and through the application of hydraulic forces in the range 
of ten to fourteen atmospheres of pressure, the balloon is 
in?ated. The non-compressible balloon applies this signi? 
cant force to compress and ?atten the occlusion, thereby 
opening the vessel for blood ?oW. HoWever, these extreme 
forces result in the application of eXtreme stresses to the 
vessel, potentially rupturing the vessel, or Weaking it thereby 
increasing the chance of post-operative aneurysm, or creat 
ing vasoconstrictive or restenotic conditions. In addition, the 
particulate matter isn’t removed, rather it is just compressed. 
Other mechanical devices that drill through and attempt to 
remove an occlusion have also been used, and create the 
same danger of physical damage to blood vessels. 

[0004] Ultrasonic probes are devices Which use ultrasonic 
energy to fragment body tissue (see, e.g., US. Pat. No. 
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5,112,300; US. Pat. No. 5,180,363; US. Pat. No. 4,989,583; 
US. Pat. No. 4,931,047; US. Pat. No. 4,922,902; and US. 
Pat. No. 3,805,787) and have been used in many surgical 
procedures. The use of ultrasonic energy has been proposed 
both to mechanically disrupt clots, and to enhance the 
intravascular delivery of drugs to clot formations (see, e.g., 
US. Pat. No. 5,725,494; US. Pat. No. 5,728,062; and US. 
Pat. No. 5,735,811). 

[0005] Ultrasonic devices used for vascular treatments 
typically comprise an eXtracorporeal transducer coupled to a 
solid metal Wire Which is then threaded through the blood 
vessel and placed in contact With the occlusion (see, e.g., 
US. Pat. No. 5,269,297). In some cases, the transducer is 
delivered to the site of the clot, the transducer comprising a 
bendable plate (see, US. Pat. No 5,931,805). 

[0006] The ultrasonic energy produced by an ultrasonic 
probe is in the form of very intense, high frequency sound 
vibrations Which result in poWerful chemical and physical 
reactions in the Water molecules Within a body tissue or 
surrounding ?uids in proximity to the probe. These reactions 
ultimately result in a process called “cavitation,” Which can 
be thought of as a form of cold (i.e., non-thermal) boiling of 
the Water in the body tissue, such that microscopic bubbles 
are rapidly created and destroyed in the Water creating 
cavities in their Wake. As surrounding Water molecules rush 
in to ?ll the cavity created by collapsed bubbles, they collide 
With each other With great force. This process is called 
cavitation and results in shock Waves running outWard from 
the collapsed bubbles Which can Wear aWay or destroy 
material such as surrounding tissue in the vicinity of the 
probe. 

[0007] Some ultrasonic probes include a mechanism for 
irrigating an area Where the ultrasonic treatment is being 
performed (e.g., a body cavity or lumen) to Wash tissue 
debris from the area. Mechanisms used for irrigation or 
aspiration described in the art are generally structured such 
that they increase the overall cross-sectional pro?le of the 
probe, by including inner and outer concentric lumens 
Within the probe to provide irrigation and aspiration chan 
nels. In addition to making the probe more invasive, prior art 
probes also maintain a strict orientation of the aspiration and 
the irrigation mechanism, such that the inner and outer 
lumens for irrigation and aspiration remain in a ?Xed posi 
tion relative to one another, Which is generally closely 
adjacent the area of treatment. Thus, the irrigation lumen 
does not eXtend beyond the suction lumen (i.e., there is no 
movement of the lumens relative to one another) and any 
aspiration is limited to picking up ?uid and/or tissue rem 
nants Within the de?ned distance betWeen the tWo lumens. 
Another draWback of eXisting ultrasonic medical probes is 
that they typically remove tissue sloWly in comparison to 
instruments Which eXcise tissue by mechanical cutting. Part 
of the reason for this is that most eXisting ultrasonic devices 
rely on a longitudinal vibration of the tip of the probe for 
their tissue-disrupting effects. Because the tip of the probe is 
vibrated in a direction in line With the longitudinal aXis of 
the probe, a tissue-destroying effect is only generated at the 
tip of the probe. One solution that has been proposed is to 
vibrate the tip of the probe in a transverse direction—i.e. 
perpendicular to the longitudinal aXis of the probe,—in 
addition to vibrating the tip in the longitudinal direction. For 
example, US. Pat. No. 4,961,424 to Kubota, et al. discloses 
an ultrasonic treatment device Which produces both a lon 
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gitudinal and transverse motion at the tip of the probe. The 
Kubota, et al. device, hoWever, still relies solely on the tip 
of the probe to act as a Working surface. Thus, While 
destruction of tissue in proximity to the tip of the probe is 
more ef?cient, tissue destruction is still predominantly lim 
ited to the area in the immediate vicinity at the tip of the 
probe. U.S. Pat. No. 4,504,264 to Kelman discloses an 
ultrasonic treatment device Which improves the speed of 
ultrasonic tissue removal by oscillating the tip of the probe 
in addition to relying on longitudinal vibrations. Although 
tissue destruction at the tip of the device is more efficient, the 
tissue destroying effect of the probe is still limited to the tip 
of the probe. 

[0008] There is a need in the art for improved devices, 
systems, and methods, for treating vascular diseases, par 
ticularly stenotic diseases Which occlude the coronary and 
other arteries. In particular, there is a need for methods and 
devices for enhancing the performance of angioplasty pro 
cedures, Where the ability to introduce an angioplasty cath 
eter through a Wholly or partly obstructed blood vessel 
lumen can be improved. There is also a need for mechanisms 
and methods that decrease the likelihood of subsequent clot 
formation and restenosis. 

SUMMARY OF THE INVENTION 

[0009] The invention is directed to a method and an 
apparatus for removing occlusions in a blood vessel. The 
invention has particular application in removal of occlusions 
in saphenous vein grafts used in coronary bypass proce 
dures, restoring these grafts to patency Without damaging 
anastomosing blood vessels. The method according to the 
invention comprises inserting a probe member comprising a 
longitudinal axis into a vessel, positioning the member in 
proximity to the occlusion, and providing ultrasonic energy 
to the member. The device is designed to have a small 
cross-sectional pro?le, Which also alloWs the probe to ?ex 
along its length, thereby alloWing it to be used in a mini 
mally-invasive manner. The probe, because it vibrates trans 
versely, generates a plurality of cavitation nodes along the 
longitudinal axis of the member, thereby ef?ciently destroy 
ing the occlusion. Asigni?cant feature of the invention is the 
retrograde movement of debris, e. g., aWay from the tip of the 
probe, resulting from the transversely generated energy. 
Probes of the present invention are described in the Appli 
cant’s co-pending provisional applications U.S. Ser. Nos. 
60/178,901 and 60/225,060 Which further describe the 
design parameters for an ultrasonic probe operating in a 
transverse mode and the use of such a probe to remodel 
tissues. The entirety of these applications are herein incor 
porated by reference. 

[0010] In one aspect, the invention relates to one or more 
sheaths Which can be adapted to the probe tip, thereby 
providing a means of containing, focussing, and transmitting 
energy generated along the length of the probe to one or 
more de?ned locations. Sheaths for use With an ultrasonic 
medical device are described in the Applicant’s co-pending 
utility application U.S. Ser. No. 09/618,352, noW U.S. Pat. 
No. 6,551,337, the entirety of Which is hereby incorporated 
by reference. The sheaths of the present invention also 
provide the user With a means of protecting regions of tissue 
from physical contact With the probe tip. In one embodiment 
of the invention the sheaths also comprise a means for 
aspiration and irrigation of the region of probe activity. In 
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another embodiment of the invention, a plurality of sheaths 
are used in combination to provide another level of precision 
control over the direction of cavitation energy to a tissue in 
the vicinity of the probe. In one embodiment of the inven 
tion, the sheath encloses a means of introducing ?uid into 
the site of the procedure, and a means for aspirating ?uid and 
tissue debris from the site of the procedure. In a further 
embodiment, the probe tip can be moved Within the sheath. 
In yet another embodiment, the irrigation and aspiration 
means, and the probe tip, can all be manipulated and 
repositioned relative to one another Within the sheath. In 
another embodiment, the sheath is shaped in such a Way that 
it may capture or grasp sections of tissue Which can be 
ablated With the probe. In yet another embodiment, the 
sheath provides a guide for the probe tip, protecting tissues 
from accidental puncture by the sharp, narroW diameter tip, 
or from destruction by energy emitted radially from the 
probe during introduction of the probe to the site. The sheath 
may be applied to the probe tip prior to insertion of the probe 
into the patient, or the sheath can be inserted into the patient 
prior to the insertion of the probe. The sheath of the present 
invention can be used to ?x the location of one or more 
shapes relative to the nodes or anti-nodes of a probe acting 
in transverse action. The location of the re?ective shapes can 
amplify the acoustical Wave thereby magnifying the energy. 
This alloWs for the use of very small diameter probes Which 
themselves Would not have the requisite structural integrity 
to apply and translate acoustical energy into suf?cient 
mechanical energy to enable ablation of tissues. The re?ec 
tive shapes can also focus or redirect the energy, effectively 
converting a transverse probe emitting cavitation energy 
along its length, to a directed, side ?re ultrasonic device. 

[0011] In another embodiment, the probe, Which may or 
may not contain a probe sheath, is used in conjunction With 
an expandable balloon dilatation catheter, providing a means 
of resolving the occlusion Without imparting stress, or 
in?icting stress injury to a vessel. The balloon catheter acts 
as a carrier means for guiding the probe Wire to the desired 
site, and acts as a means to position the Wire Within the 
lumen of the vessel. With the balloon inserted Within the 
con?nes of an occlusion, in?ation of the balloon provides a 
means of continuous contact With the potentially irregularly 
shaped vessel lumen. Introduction of ultrasonic energy into 
the balloon by the transversely vibrating probe Wire thereby 
results in uniform communication of energy to the regions of 
the occluded vessel in contact With the balloon. Since the 
balloon is in?ated to much loWer pressures than in tradi 
tional balloon angioplasty procedures, neither the occlusion 
or the vessel is compressed, thereby eliminating the prob 
lems of stress injury to the vessel. Likewise, as the ultra 
sound energy fragments the occlusion, the vessel is cleared 
of the problematic material, rather than simply compressing 
it into the vessel. 

[0012] In one embodiment of the invention, a light trans 
mitting element in inserted into the blood vessel along With, 
or after, the probe (With or Without probe sheath) and balloon 
catheter. The light transmitting element is transmits optical 
data about the occlusion. In another embodiment of the 
invention, the probe/sheath and balloon catheter is used With 
such medical devices, such as a stent, stent graft, trocar, or 
other such intravascular devices. The invention is particu 
larly useful in clearing occlusions Within stents or other such 
devices Where compression is undesirable or not Warranted. 
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[0013] In another aspect of the invention, the probe, With 
or Without a probe sheath, and With or Without the balloon 
catheter, may be provided in a sharps container, in the form 
of a kit. A sharps container of the present invention is the 
subject of the Applicant’s co-pending utility application U.S. 
Ser. No. 09/775,908, now US. Pat. No. 6,527,115, the 
entirety of Which is hereby incorporated by reference. In yet 
another embodiment, the kit provides instructions, for 
example, instructions for assembling and tuning the probe, 
and the appropriate frequency range for the medical proce 
dure. The kit may further comprise packaging Whereby the 
probe, sheath, and balloon catheter are pre-steriliZed, and 
sealed against environmental contaminants. In another 
embodiment, the container complies With regulations gov 
erning the storage, handling, and disposal of sharp medical 
devices, and used medical devices such as a sheath or 
balloon catheter. 

DESCRIPTION OF THE DRAWINGS 

[0014] In the draWings, like reference characters generally 
refer to the same parts throughout the different vieWs. Also, 
the draWings are not necessarily to scale, emphasis instead 
generally being placed upon illustrating the principles of the 
invention. 

[0015] In one embodiment, as shoWn in FIG. 1, the 
transverse mode ultrasonic medical device 1 comprises an 
elongated probe 6 Which is coupled to a device providing a 
source or generation means for the production of ultrasonic 
energy (shoWn in phantom in the Figure as 66). The probe 
6 transmits ultrasonic energy received from the generator 
along its length. The probe is capable of engaging the 
ultrasonic generator at one terminus With suf?cient restraint 
to form an acoustical mass, that can propagate the ultrasonic 
energy provided by the generator. The other terminus of the 
probe comprises a tip 22, Which has a small diameter 
enabling the tip to ?ex along its longitude. In one embodi 
ment of the invention, the probe diameter decreases at 
de?ned intervals 14, 18, 20, and 22. Energy from the 
generator is transmitted along the length of the probe, 
causing the probe to vibrate. In this embodiment, one of the 
probe intervals 18 has at least one groove 45. 

[0016] FIG. 2 shoWs an embodiment of the invention 
Wherein the probe 6 is substantially contained Within a 
cylindrical sheath 121 capable of modulating the energy 
omitted by an active probe, and shielding tissues from 
puncture from a sharp probe tip. The sheath 121 shoWn in 
this illustration has been modi?ed such that one of the 
terminal ends of the sheath is substantially open, de?ning a 
fenestration or aperture 111, Which exposes the probe tip 22 
and 23. The terminus of the sheath 129 is shaped to provide 
a means for manipulating tissue to bring it into proximity 
With the probe 22 and 23. Also shoWn in this embodiment is 
a second cylindrical sheath 108 Which surrounds a portion of 
the ?rst sheath 121, and can be manipulated longitudinally 
along the ?rst sheath to provide a means for modulating the 
exposure of the probe tip 22 and 23, and thereby modulating 
the cavitation energy emitted by the probe to Which the 
tissues Will be exposed. The container of the present inven 
tion is capable of receiving and containing the probe or 
probe and sheath assembly. 

[0017] FIGS. 3a-f shoW dampening sheaths for an ultra 
sonic probe according to embodiments of the invention. 
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FIG. 3a shoWs a transverse mode probe according to one 
embodiment of the invention comprising the semi-cylindri 
cal sheath 107 and a second sheath 108. In this embodiment, 
the second sheath is cylindrical, and is capable of containing 
the ?rst sheath 107, as Well as the probe 6. 

[0018] FIG. 3b shoWs another embodiment of the inven 
tion Wherein the sheath 121 comprises a cylindrical structure 
of a sufficient diameter to contain the probe 6, visible for the 
purpose of illustration. The sheath 121 comprises at least 
one fenestration 111, Which alloWs the cavitation energy 
emitted from the probe tip to be communicated to an area 
outside the sheath, otherWise the energy is contained by the 
sheath. 

[0019] FIG. 3c shoWs an embodiment of the present 
invention Wherein the holloW cylindrical sheath 121 has a 
plurality of arcutate fenestrations 111. 

[0020] FIG. 3a' shoWs an embodiment of the present 
invention Wherein the probe 6 is contained Within a sheath 
121 Which comprises a plurality of arcutate fenestrations 
111, and at least one acoustic re?ective element 122, Which 
is adapted to the interior surface of the sheath. 

[0021] FIG. 36 shoWs an embodiment of the present 
invention comprising a sheath 121 further comprising tWo 
semi-cylindrical halves 109, each half connected to the other 
by one or more connecting means 113. The probe 6 is 
capable of being substantially contained Within the sheath. 
The cavitation energy generated by the probe tip 22 is 
contained by the semi-cylindrical halves 109, Where they 
occlude the probe tip. 

[0022] FIG. 3f shoWs an embodiment of the present 
invention Wherein the sheath further comprises at least tWo 
cylinders 104, each cylinder connected to the other by at 
least one connecting means 113. The probe 6 is capable of 
being substantially contained Within the sheath. The cavita 
tion energy generated by the probe tip 22 is contained by the 
cylinders 104, Where they occlude the probe tip. 

[0023] FIG. 4 shoWs a longitudinal cross-section of a 
portion of an ultrasonic probe tip 22 and 23 according to one 
embodiment of the invention, comprising a central irrigation 
passage 17 and lateral irrigation lumens 19, as Well as 
external aspiration channels 60. 

[0024] FIG. 5 shoWs a transverse cross-section of a por 
tion of the ultrasonic probe shoWn in FIG. 4. In this 
embodiment, the probe 6 comprises a plurality of arcutate 
channels 60 that extend over the longitudinal length of the 
probe tip, providing a space for irrigation and or aspiration 
of tissue debris and ?uid. 

[0025] FIG. 6a shoWs an embodiment of the invention 
Wherein the probe tip 22 and 23, is substantially contained 
Within a sheath. The sheath comprises a fenestration 111 
alloWing communication of the cavitation energy emitted by 
the probe to the outside of the sheath. The interior of the 
sheath further comprises re?ective elements 118, shoWn as 
a plurality of planar surfaces that extend from the interior 
Wall of the sheath into the lumen, thereby providing a means 
for focussing and redirecting cavitation energy emitted by 
the probe tip. In this embodiment, the terminus of the sheath 
129 is shaped to provide a tissue manipulation means also 
illustrated in FIG. 5. FIG. 6b shoWs a similar embodiment, 
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wherein the re?ective elements 118 are arcutate, and the 
sheath further comprises a plurality of fenestrations 111. 

[0026] FIG. 7 shows the ultrasonic medical device com 
prising an ultrasonic probe for removal of an occlusion “O” 
from a blood vessel “BV”. FIG. 7a shoWs a portion of the 
probe 22 guided to the site of, and through the occlusion, 
using ultrasonic energy to fragment occlusion materials and 
clear a path through the occlusion. FIG. 7b shoWs the 
occlusion Within the blood vessel partially removed by 
action of the probe. FIG. 7c shoWs complete removal of the 
occlusion as occlusion materials are degraded by the energy 
transmitted by the probe 22 of the ultrasonic medical device. 

[0027] FIG. 8 shoWs the ultrasonic medical device com 
prising an ultrasonic probe and a sheath assembly for 
selectively ablating an occlusion “O” from a blood vessel 
“BV”. FIG. 8a shoWs a sheath assembly consisting of a 
sheath 108 adapted to a portion of the probe 22. The probe 
is positioned proximally to the site of, and through the 
occlusion, using ultrasonic energy to fragment occlusion 
materials and clear a path through the occlusion, While the 
sheath protects non-occluded areas of the blood vessel by 
partially shielding the probe. FIG. 8b shoWs the occlusion 
Within the blood vessel partially removed by action of the 
probe, While the sheath is retracted to maintain exposure of 
the probe at occlusion site as it is moved through the site. 
FIG. 8c shoWs complete removal of the occlusion, as 
occlusion materials are degraded by the energy transmitted 
by the probe 22 of the device, While non-occluded areas of 
the blood vessel remain protected from the action of the 
probe. 

[0028] FIG. 9 shoWs the ultrasonic medical device used in 
conjunction With a balloon catheter for removal of an 
occlusion “O” from a blood vessel “BV”. FIG. 9a shoWs the 
de?ated balloon catheter 91 adapted to a portion of a probe 
22. The probe guides the catheter to the site of, and through 
the occlusion, using ultrasonic energy to clear a path through 
the occlusion if necessary. FIG. 9b shoWs the de?ated 
balloon catheter 91 positioned Within the vessel lumen at the 
site of the occlusion. FIG. 9c shoWs an activated ultrasonic 
medical device Wherein the expanded balloon catheter 
engages the occlusion, maintaining contact With the occlu 
sion as it is degraded by the energy transmitted through the 
balloon. 

[0029] FIG. 10 shoWs the ultrasonic medical device used 
in conjunction With a series of sheaths and a balloon catheter 
91. In FIG. 10a, the invention of the present embodiment 
comprises a probe 22 With a terminal end 23, substantially 
contained Within a ?rst sheath 107 of Which the end distal to 
the probe tip 23, is shoWn cut aWay for illustrative purposes. 
The balloon catheter is adapted to an in?ation means (not 
shoWn), Which may also comprise a means for monitoring 
and compensating for pressure ?uctuation in the interior of 
the balloon. The probe and ?rst sheath is substantially 
contained Within a second sheath 121, further comprising a 
series of fenestrations 111 along its longitude. The balloon 
catheter 91, shoWn substantially de?ated, surrounds the 
second sheath along part of its length. In this embodiment, 
the probe tip 23 is exposed to the vessel lumen and can 
provide a means for clearing a path through an occlusion for 
the introduction of a balloon catheter. In FIG. 10b, the probe 
22 and 23 is WithdraWn such that the tip 23, is contained 
Within the sheath 121. The ?rst sheath 107 is retracted, by for 
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example, articulation Wires, thereby exposing the probe 22 
to the lumen of the second sheath 121. Activation of the 
probe results in the transverse generation of cavitation 
energy along the probe at multiple nodes. The energy is 
communicated from the probe to the lumen of the balloon 
catheter through the fenestrations 111 in the second sheath 
121. The energy can penetrate the Walls of the balloon for 
direct communication to the occlusion. 

DETAILED DESCRIPTION 

[0030] The folloWing terms and de?nitions are used 
herein: 

[0031] “Anti-node” as used herein refers to a region of 
minimum energy emitted by an ultrasonic probe on or 
proximal to a position along the probe. 

[0032] “Cavitation” as used herein refers to shock Waves 
produced by ultrasonic vibration, herein the vibration cre 
ates a plurality of microscopic bubbles Which rapidly col 
lapse, resulting in molecular collision by Water molecules 
Which collide With force thereby producing the shock Waves. 

[0033] “Fenestration” as used herein refers to an aperture, 
WindoW, opening, hole, or space. 

[0034] “Node” as used herein refers to a region of maxi 
mum energy emitted by an ultrasonic probe on or proximal 
to a position along the probe. 

[0035] “Probe” as used herein refers to a device capable of 
being adapted to an ultrasonic generator means, Which is 
capable of propagating the energy emitted by the ultrasonic 
generator means along its length, and is capable of acoustic 
impedance transformation of ultrasound energy to mechani 
cal energy. 

[0036] “Sharps” as used herein refers to an elongated 
medical instrument With a small diameter, for example, less 
than 2 mm. A “Sharps Container” as used herein is a 
container capable of retaining a sharp medical device or the 
sharp portion thereof, such that a handler is not exposed to 
the sharp portion of the device. 

[0037] “Sheath” as used herein refers to a device for 
covering, encasing, or shielding in Whole or in part, a probe 
or portion thereof connected to an ultrasonic generation 
means. 

[0038] “Tissue” as used herein refers to an aggregation of 
cells that is substantially similar in terms of morphology and 
functionality. 

[0039] “Transverse” as used herein refers to vibration of a 
probe at right angles to the axis of a probe. A “transverse 
Wave” as used herein is a Wave propagated along an ultra 
sonic probe in Which the direction of the disturbance at each 
point of the medium is perpendicular to the Wave vector. 

[0040] “Tuning” as used herein refers to a process of 
adjusting the frequency of the ultrasonic generator means to 
select a frequency that establishes a standing Wave along the 
length of the probe. 

[0041] “Ultrasonic” as used herein refers to a frequency 
range of the electromagnetic spectrum above the range of 
human hearing, i.e., greater than about 20,000 HertZ up to 
about 80,000 HertZ. 
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[0042] The present invention provides an ultrasonic medi 
cal device operating in a transverse mode for removing a 
vascular occlusion. Because the device is minimally inva 
sive and articulable, it can be inserted into narroW, tortuous 
blood vessels Without risking damage to those vessels. 
Transverse vibration of the probe in such a device generates 
multiple nodes of cavitation energy along the longitudinal 
axis of the probe, emanating radially from these nodes. The 
occlusion is fragmented to debris approximately of sub 
micron siZes, and the transverse vibration generates a ret 
rograde ?oW of debris that carries the debris aWay from the 
probe tip. 
[0043] The mode of vibration of the ultrasound probe 
according to the invention differs from the axial mode of 
vibration Which is conventional in the prior art. Rather than 
vibrating exclusively in the axial direction, the probe 
vibrates in a direction transverse to the axial direction. As a 
consequence of the transverse vibration of the probe, the 
tissue-destroying effects of the device are not limited to 
those regions of a tissue coming into contact With the tip of 
the probe. Rather, as the probe is positioned in proximity to 
an occlusion or other blockage of a blood vessel, the tissue 
is removed in all areas adjacent to the multiplicity of 
energetic nodes being produced along the entire length of the 
probe typically in a region having a radius of up to about 2 
mm around the probe. In this Way, actual treatment time 
using the transverse mode ultrasonic medical device accord 
ing to the invention is greatly reduced as compared to 
methods using prior art probes. 

[0044] The number of nodes occurring along the axial 
length of the probe is modulated by changing the frequency 
of energy supplied by the ultrasonic generator. The exact 
frequency, hoWever, is not critical and a ultrasonic generator 
run at, for example, 20 kHZ is generally suf?cient to create 
an effective number of tissue destroying nodes along the 
axial length of the probe. In addition, as Will be appreciated 
by those skilled in the art, it is possible to adjust the 
dimensions of the probe, including diameter, length, and 
distance to the ultrasonic energy generator, in order to affect 
the number and spacing of nodes along the probe. The 
present invention alloWs the use of ultrasonic energy to be 
applied to tissue selectively, because the robe conducts 
energy across a frequency range of from about 20 kHZ 
through about 80 kHZ. The amount of ultrasonic energy to 
be applied to a particular treatment site is a function of the 
amplitude and frequency of vibration of the probe. In 
general, the amplitude or throW rate of the energy is in the 
range of 150 microns to 250 microns, and the frequency in 
the range of 20-80 kHZ. In the currently preferred embodi 
ment, the frequency of ultrasonic energy is from 20,000 
HertZ to 35,000 HertZ. Frequencies in this range are spe 
ci?cally destructive of hydrated (Water-laden) tissues and 
vascular occlusive material, While substantially ineffective 
toWard high-collagen connective tissue, or other ?brous 
tissues such as, for example, vascular tissues, or skin, or 
muscle tissues. 

[0045] The amount of cavitation energy to be applied to a 
particular site requiring treatment is a function of the ampli 
tude and frequency of vibration of the probe, as Well as the 
longitudinal length of the probe tip, the proximity of the tip 
to a tissue, and the degree to Which the probe tip is exposed 
to the tissues. Control over this last variable can be effec 
tuated through the sheaths of the present invention. 
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[0046] Sheath materials useful for the present invention 
include any material With acoustical or vibrational dampen 
ing properties capable of absorbing, containing, or dissipat 
ing the cavitation energy emitted by the probe tip. Such 
materials must be capable of being steriliZed by, for 
example, gamma irradiation or ethylene oxide gas (ETO), 
Without losing their structural integrity. Such materials 
include but are not limited to, plastics such as polytetra?uo 
roethylene (PTFE), polyethylene, polypropylene, silicone, 
ultem, or other such plastics that can be used for medical 
procedures. Ceramic materials can also be used, and have 
the added bene?t that they may be steriliZed by autoclaving. 
Combinations of the aforementioned materials can be used 
depending on the procedure, for example as in the sheath of 
FIG. 5, a ceramic sheath 121 can be used in combination 
With a moveable PTFE outer sheath 108. Alternatively a 
single sheath may employ tWo or more materials to give the 
desired combination of strength and ?exibility, for example, 
the sheath may comprise a rigid ceramic section distal to the 
probe tip 23 and a more ?exible plastic section proximal to 
the tip, capable of ?exing With the probe 22. In the currently 
preferred embodiment of the invention, PTFE is used to 
fabricate a strong, ?exible, disposable sheath that is easily 
steriliZed by irradiation or ETO gas. 

[0047] The length and diameter of the sheath used in a 
particular operation Will depend on the selection of the 
probe, the degree to Which the probe length Will be inserted 
into the subject, and the degree of shielding that is required. 
For example, in an application Whereby vascular occlusive 
material is removed With the ultrasonic probe of the present 
invention, from a vessel deep inside the body of a patient, 
the sheath must be of a suf?cient length to protect the 
vascular tissue from the surgical insertion point to the site of 
the operation, of a suf?cient outside diameter to facilitate 
insertion of the sheath into the vessel, and a suf?cient inside 
diameter capable of accepting the probe. By contrast, for 
clearing occlusions from, for example, a hemodialysis graft, 
the probe useful for such a procedure Would be signi?cantly 
shorter and as such, so Would the sheath. The exact length 
and diameter of the sheath Will be determined by the 
requirements of the medical procedure. Similarly, the posi 
tion and siZe of the sheath aperture 111, or number and 
positions of the fenestrations 111, or the addition of a bevel 
on the sheath terminus 129, Will likeWise be determined by 
the type of procedure, and the requirements of the particular 
patient. 
[0048] A particular advantage of the ultrasonic probe 
operating in transverse mode is that the ef?cient cavitation 
energy produced by the probe disintegrates target tissue to 
small particles of approximately sub-micron diameter. 
Because of the operation of the probe, tissue debris created 
at the probe tip 23, is propelled in a retrograde direction from 
the probe tip. Accordingly, another embodiment of the 
invention, provides at least one aspiration channel Which can 
be adapted to a vacuum or suction device, to remove the 
tissue debris created by the action of the probe. The aspi 
ration channel can be manufactured out of the same material 
as the sheath provided it is of a sufficient rigidity to maintain 
its structural integrity under the negative pressure produced 
by the aspiration means. Such an aspiration channel could be 
provided inside the lumen of the sheath, or along the exterior 
surface of the sheath, or the sheath itself may provide the 
aspiration channel. One embodiment of this is shoWn in 
FIGS. 6 and 7, Whereby the probe 22 comprises at least one 
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aspiration channel 60, and aspiration of tissue debris is 
effectuated along the probe length betWeen the interior 
surface of the sheath and the exterior surface of the probe, 
as directed by the aspiration channels. 

[0049] In another embodiment, the present invention com 
prises an irrigation channel. The sheath is adapted to an 
irrigation means, and the sheath directs ?uid to the location 
of the probe 22. The irrigation channel can be manufactured 
out of the same material as the sheath provided it is of a 
sufficient rigidity to maintain its structural integrity under 
the positive pressure produced by the ?oW of ?uid produced 
by the irrigation means. Such an irrigation channel could be 
provided inside the lumen of the sheath, or along the exterior 
surface of the sheath, or the sheath itself may provide the 
aspiration channel. Using the sheath itself to provide the 
irrigation, there is an added bene?t that the probe 22 is 
cooled by the ?uid. 

[0050] In yet another embodiment, the sheath of the 
present invention further comprises both an irrigation and an 
aspiration channel. As in the above embodiments, the chan 
nels may be located Within the sheath lumen, or exterior to 
the sheath, or a combination of the tWo. Likewise, the sheath 
lumen itself may provide either an irrigation or aspiration 
channel, With the corresponding irrigation or aspiration 
channel either contained Within or external to the sheath. In 
another aspect of the invention, the sheath comprises a 
means for directing, controlling, regulating, and focussing 
the cavitation energy emitted by the probe, an aspiration 
means, an irrigation means, or any combination of the 
above. 

[0051] Another embodiment of the invention comprises a 
means of vieWing the site of probe action. This may include 
an illumination means and a vieWing means. In one embodi 

ment, the sheath of the present invention comprises a means 
for containing or introducing (if external to the sheath) an 
endoscope, or similar optical imaging means. In another 
embodiment of the invention, the ultrasound medical device 
is used in conjunction With an imaging system, for example, 
the non-ferrous probes are compatible With MRI, or ultra 
sound imaging—in particular color ultrasound. In this 
embodiment, the action of the probe echogenically produces 
a pronounced and bright image on the display. The sheath in 
this embodiment shields the probe, thereby reducing the 
intensity of the probe image and enhancing the resolution of 
the surrounding tissues. In another embodiment of the 
invention (not shoWn), the probe is used With an optical 
system. In one embodiment, the probe is inserted into a body 
cavity or lumen along With a light transmitting element for 
transmitting light from a light source and for receiving light 
and transmitting received light to a detector. Light from a 
light source (e.g., a laser) is transmitted through the light 
transmitting element, illuminating the area surrounding the 
probe 6, and light transmitted back through the light trans 
mitting element (e.g., from tissue in the vicinity of the 
probe) is detected by the detector. In one embodiment of the 
invention, the light transmitting element is an optical ?ber, 
While in another embodiment, the light transmitting element 
is a plurality of optical ?bers. The light transmitting element 
can be a part of the probe or can be inserted into a body 
cavity independently of the probe. In one embodiment of the 
invention, a sleeve is attached to the probe and the light 
transmitting element is held Within the sleeve. In one 
embodiment, the detector is a human being (e. g., a physician 
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or lab technician) and light is monitored using a vieWing 
element, such as an eyepiece (e.g., as in a microscope 
coupled to the light transmitting element). It is preferred that 
the vieWing element is not connected to a part of the 
ultrasonic medical device Which is subject to vibration, to 
reduce manipulation of the vieWing system to a minimum. 
In another embodiment of the invention, the detector is in 
communication With a processor and converts optical signals 
from the light transmitting element to data relating to the 
tissue in the vicinity of the probe. 

[0052] In one embodiment, as shoWn in FIG. 8, the sheath 
comprises a surface that is capable of manipulating tissues 
near the site of the probe. In this aspect, the terminus of the 
sheath may be closed, such that the sheath insulates tissues 
from the destructive energy emitted by the probe and can be 
used to push tissues aWay from the aperture 111, thereby 
alloWing proximal tissues to be exposed to the probe 22 and 
23. Alternatively, the sheath comprises a beveled or arcutate 
surface at the sheath terminus 129, capable of providing a 
means for hooking, grasping, or otherWise holding a tissue 
in proximity to the probe 22 and 23. In another embodiment, 
the sheath provides a means for introducing a surgical 
device, for example, ?exible biopsy forceps, capable of 
manipulating tissues into a tissue space, such that the 
surgical device can hold the tissue in proximity With the 
probe. 

[0053] In one aspect of the invention, as shoWn in FIG. 5, 
the sheath comprises an inner sheath 121 and an outer sheath 
108. The outer sheath may be connected to an retraction 

trigger (not shoWn), by one or more articulation means, such 
as Wires, Which is capable of moving the outer sheath With 
respect to the inner sheath. Each Wire comprises a ?rst end 
and a second end. The ?rst end is af?xed to the outer sheath 
108, While the second end is af?xed to a retraction trigger. 
When the outer sheath 108 is slid back aWay from the 
terminus of the inner sheath 121 the tissues are exposed to 
cavitation energy emitted by the probe. Another aspect of 
this is referred to in FIG. 10, Where the ?rst sheath 107, is 
adapted to articulation Wires (not shoWn in the illustration). 
In this embodiment, moving the sheath exposes the probe to 
the lumen of a second sheath 121, comprising fenestrations 
Which alloW communication of the energy emitted from the 
probe to the lumen of a balloon catheter 91. In this aspect, 
a probe can be operational Without in?ating the balloon 
catheter until movement of the ?rst sheath exposes the 
probe, thereby alloWing the probe to penetrate occlusions 
that Would otherWise prevent placement of the balloon 
catheter Without ?rst clearing a site for placement Within the 
occlusion, and thereby reducing the number of steps in a 
surgical procedure. 

[0054] In another embodiment, the probe and sheath are 
?exible. Articulation Wires (not shoWn) comprising a ?rst 
end and a second end, are connected to the sheath and to an 
articulation handle. When the articulation handle is manipu 
lated, for example, pulled axially inWard, the ?exible sheath 
Will bend or articulate in a bending or articulation direction 
A, thereby causing the ultrasonic probe to bend or articulate 
in articulation direction A. In this Way, the ultrasonic probe 
can be used to reach locations Which are not axially aligned 
With the lumen or vessel through Which the sheath and probe 
are inserted. One aspect of the invention uses such an 
articulable sheath to direct placement of a probe and a 
balloon catheter to a surgical site. 
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[0055] In yet another embodiment, the sheaths of the 
present invention may be provided along With an ultrasonic 
probe in the form of a kit. In this aspect, the probe for a 
particular surgical procedure is provided along With the 
correct sheath, as Well as instructions for assembling and 
tuning the probe, and the appropriate frequency range for the 
procedure. The probe and sheath may be packaged preas 
sembled, such that the probe is already contained Within the 
sheath and the respective position of the probe Within the 
sheath is optimiZed such that any re?ective elements in the 
sheath Would be correctly aligned With the prospective 
position of the nodes for a given frequency, the kit further 
comprising instructions for the appropriate frequency. The 
kit may further comprise packaging Whereby the probe and 
sheath are pre-steriliZed, and sealed against contaminants. In 
another embodiment, the probe and sheath is provided in a 
container that complies With regulations governing the stor 
age, handling, and disposal of sharp medical devices. Such 
a container is capable of receiving and securing the probe 
and sheath before and after use. In one aspect, the sharps 
container provides a means of af?Xing the probe and sheath 
assembly to an ultrasonic medical device Without direct 
manipulation of the probe and sheath assembly, and a means 
for removing the assembly from the ultrasonic medical 
device after use. In one aspect, the kit comprises a probe and 
sheath assembly contained Within a sterile sharps container 
that further comprises a single use locking means, Whereby 
the probe and sheath assembly is af?Xed to the ultrasonic 
medical device solely through the sharps container, are 
removed from the device solely through the container, and 
once removed can not be re-eXtracted from the sharps 
container. 

EXAMPLES 

Example 1 

Removing Occlusions using an Ultrasonic Medical 
Device and a Balloon Catheter 

[0056] In one embodiment of the invention, the transverse 
mode ultrasonic medical device, is used in a procedure to 
remove an occlusion from a small diameter vessel (e.g., a 

native vessel, or a grafted vessel). In one embodiment, 
device is used in a method to reduce or eliminate an 
occlusion of a saphenous vein graft (e.g., such as used in a 
coronary bypass procedure). 

[0057] A transverse mode ultrasonic probe is selected by 
the surgeon Who Will perform the procedure. The probe of 
the present invention further comprises a plurality of sheaths 
adapted to the probe, and a balloon catheter operably 
attached to one of the sheaths, all incorporated Within a 
sharps container, and the container further sealed inside a 
sterile package, for eXample, a plastic bag. The user removes 
the container from the package and attaches the probe to the 
ultrasonic medical device by applying the threaded end of 
the probe to the transducer portion of an ultrasonic medical 
device. The probe, sheaths, and balloon catheter are securely 
held Within the container, and the user rotates the container 
to affix the probe, sheaths, and catheter to the ultrasonic 
medical device. The user engages a lever Which articulates 
the side A ?rst locking assembly, thereby disengaging the 
probe from the ?rst locking assembly. The probe, sheaths, 
and catheter can noW be WithdraWn from the container. The 
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?rst locking assembly, once articulated, is engaged and held 
stationary by a second locking means, thereby preventing 
further use of the ?rst locking assembly on this side A of the 
container With a probe. Articulation Wires attached to one of 
the sheaths, are connected to a trigger assembly so the ?rst 
sheath can be moved relative to the second sheath and the 
probe. One terminus of the balloon catheter is connected to 
an in?ation means that may further comprise a means of 
monitoring and adjusting for pressure changes in the balloon 
lumen. 

[0058] Asmall incision is made into the chest of a patient, 
and the vein graft is visualiZed using routine imaging 
technology. The probe, sheaths, and balloon catheter assem 
bly is introduced into a vessel near the site of the occlusion, 
by Way of, for eXample, a trocar or other vascular introducer. 
The probe assembly is guided to the site of the occlusion. 
The probe may be operably emitting energy, but the position 
of the ?rst sheath relative to the probe and second sheath 
prevents cavitation energy from the probe from entering the 
balloon catheter, and the eXposed probe terminus alloWs for 
introduction of the assembly, speci?cally the balloon cath 
eter into the interior of the occlusion, as the occlusion is 
fragmented around the probe. The balloon catheter is 
in?ated to greater than ambient pressure, such as for 
eXample, 1.5 atmospheres, so that the balloon is in contact 
With the occlusion but does not eXert a high degree of 
compressive force on the occlusion or the vessel Wall. The 
transversely vibrating probe is eXposed to the lumen of the 
balloon by articulation of the ?rst sheath. Cavitation energy 
from the probe is transmitted to the occlusion through the 
polymer Walls of the balloon, thereby fragmenting the 
occlusion. As the occlusion is destroyed, alloWing expansion 
of the balloon, the pressure drop is sensed and compensated 
for, by the in?ation means, thereby the balloon re-engages 
the surface of the occlusion. The process continues for an 
appropriate length of time determined by the surgeon. When 
the procedure is completed, the balloon catheter is de?ated, 
and the catheter, sheaths, and probe are WithdraWn from the 
patient. The insertion device is removed, and the vascular 
tear, and surgical incision are sutured. 

[0059] When the user completes the surgical procedure, 
and the probe apparatus is no longer required, the user 
inserts the probe, sheaths, and balloon catheter into side B of 
the container. The user engages a lever Which articulates the 
side B ?rst locking assembly, Which, once articulated, is 
engaged and held stationary by a second locking means, 
thereby preventing further articulation of the side B ?rst 
locking assembly. This ?rst locking assembly engages the 
probe, thereby securing it. The user removes the probe 
assembly from the transducer of the medical device by 
applying counter-rotational torque to the container, thereby 
unscreWing the probe from the device. The used probe and 
assembly is permanently engaged by and contained Within 
the container, and can be disposed of in compliance With the 
provisions governing the disposal of medical Waste. Because 
the probe assembly is contained by the invention, the sharp 
probe tip does not present a safety haZard, and can be safely 
handled and disposed of as medical trash. 

EXample 2 

Clearing Occlusions from a Hemodialysis Graft 

[0060] In another embodiment, the invention can be used 
to clear occlusions from and restore the patency of a 
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hemodialysis graft. The graft Will not require shielding from 
ultrasonic energy, or the use of a balloon catheter as in 
example 1. Aprobe is selected and af?xed to the ultrasonic 
transducer in the manner previously described, through the 
use of the container. The probe is WithdraWn from the 
container, and inserted into the lumen of the hemodialysis 
graft. In one embodiment, the probe is directly introduced 
into the hemodialysis graft. In another embodiment, the 
probe is inserted using a trocar or other vascular insertion 
device, such as for example, the insertion device of Appli 
cant’s utility application Ser. No. 09/618,352, noW U.S. Pat. 
No. 6,551,337. Application of ultrasonic energy causes the 
probe to vibrate transversely along its longitude. Occlusive 
materials, such as for example a thrombus, are fragmented 
by the action of the probe. When the graft has been returned 
to patency, the probe is WithdraWn. The probe is removed 
from the device With the sharps container. 

[0061] Variations, modi?cations, and other implementa 
tions of What is described herein Will occur to those of 
ordinary skill in the art Without departing from the spirit and 
scope of the invention as claimed. Accordingly, the inven 
tion is to be de?ned not by the preceding illustrative descrip 
tion but instead by the spirit and scope of the folloWing 
claims. The folloWing references provided include addi 
tional information, the entirety of Which is incorporated 
herein by reference. 

We claim: 

1. An ultrasonic probe for removing an occlusion in a 
blood vessel comprising: 

a ?rst terminus at a proximal end of the ultrasonic probe; 

a second terminus at a distal end of the ultrasonic probe 
terminating in a probe tip; and 

a longitudinal axis betWeen the ?rst terminus and the 
second terminus; 

Wherein the ultrasonic probe vibrates in a transverse 
direction generating a plurality of nodes and a plurality 
of anti-nodes of cavitation energy along the longitudi 
nal axis of the ultrasonic probe to produce an occlusion 
destroying effect along at least a portion of the longi 
tudinal axis of the ultrasonic probe. 

2. The ultrasonic probe of claim 1 Wherein a diameter of 
the ultrasonic probe decreases at de?ned intervals from the 
?rst terminus to the second terminus. 

3. The ultrasonic probe of claim 1 Wherein a diameter of 
the ultrasonic probe is approximately uniform from the ?rst 
terminus to the second terminus. 

4. The ultrasonic probe of claim 1 Wherein the ultrasonic 
probe has a ?exibility to articulate the ultrasonic probe 
through the blood vessel. 

5. The ultrasonic probe of claim 1 Wherein a sheath 
surrounds at least a portion of the longitudinal axis of the 
ultrasonic probe. 

6. The ultrasonic probe of claim 1 Wherein the occlusion 
is reduced to micron-siZed particles. 

7. The ultrasonic probe of claim 1 Wherein the ultrasonic 
probe comprises one or more irrigation passages along at 
least a portion of the longitudinal axis of the ultrasonic 
probe. 
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8. The ultrasonic probe of claim 1 Wherein the ultrasonic 
probe comprises one or more aspiration channels along at 
least a portion of the longitudinal axis of the ultrasonic 
probe. 

9. The ultrasonic probe of claim 1 Wherein a transverse 
vibration of the ultrasonic probe generates a retrograde How 
of debris aWay from the probe tip. 

10. An ultrasonic medical device for destroying an occlu 
sion in a blood vessel comprising: 

an ultrasonic probe having a ?rst terminus at a proximal 
end, a second terminus at a distal end and a longitudinal 
axis betWeen the ?rst terminus and the second termi 
nus; and 

a transducer coupled to the ?rst terminus of the ultrasonic 
probe, 

Wherein the transducer transfers an ultrasonic energy to 
the ultrasonic probe creating a transverse vibration 
along at least a portion of the longitudinal axis of the 
ultrasonic probe. 

11. The ultrasonic medical device of claim 10 further 
comprising a sheath surrounding at least a portion of the 
longitudinal axis of the ultrasonic probe. 

12. The ultrasonic medical device of claim 10 Wherein the 
transverse vibration creates a plurality of nodes and a 
plurality of nodes along at least a portion of the longitudinal 
axis of the ultrasonic probe. 

13. The ultrasonic medical device of claim 12 Wherein the 
plurality of nodes are regions of maximum energy emitted 
by the ultrasonic probe. 

14. The ultrasonic medical device of claim 10 Wherein the 
transverse vibration creates a cavitation in a medium sur 
rounding the ultrasonic probe to destroy the occlusion. 

15. The ultrasonic medical device of claim 10 Wherein the 
occlusion is reduced to micron-siZed particles. 

16. The ultrasonic medical device of claim 10 Wherein the 
ultrasonic probe comprises one or more irrigation passages 
along at least a portion of the longitudinal axis of the 
ultrasonic probe. 

17. The ultrasonic medical device of claim 10 Wherein the 
ultrasonic probe comprises one or more aspiration channels 
along at least a portion of the longitudinal axis of the 
ultrasonic probe. 

18. An ultrasonic medical device for removing an occlu 
sion from a vessel comprising: 

an ultrasonic probe having a ?rst terminus at a proximal 
end, a second terminus at a distal end of the ultrasonic 
probe terminating in a probe tip and a longitudinal axis 
betWeen the ?rst terminus and the second terminus; 

a transducer coupled to the ?rst terminus of the ultrasonic 
probe; and 

a balloon catheter comprising a balloon supported by the 
balloon catheter, 

Wherein the balloon transmits an ultrasonic energy from 
the ultrasonic probe to the occlusion to remove the 
occlusion. 

19. The ultrasonic medical device of claim 18 further 
comprising a sheath surrounding at least a portion of the 
longitudinal axis of the ultrasonic probe. 

20. The ultrasonic medical device of claim 18 Wherein the 
balloon is in?ated to engage a Wall of the vessel. 
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21. The ultrasonic medical device of claim 18 wherein the 
ultrasonic energy from the ultrasonic probe creates a trans 
verse ultrasonic vibration along at least a portion of the 
longitudinal axis of the ultrasonic probe. 

22. The ultrasonic medical device of claim 18 Wherein a 
transverse ultrasonic vibration of the ultrasonic probe cre 
ates a cavitation in a medium surrounding the ultrasonic 
probe to remove the occlusion. 

23. The ultrasonic medical device of claim 18 Wherein the 
occlusion is reduced to micron-siZed particles. 

24. A kit for removing an occlusion comprising: 

an ultrasonic probe having a ?rst terminus at a proximal 
end of the ultrasonic probe, a second terminus at a 
distal end of the ultrasonic probe and a longitudinal 
axis betWeen the ?rst terminus and the second termi 
nus; 

a sheath siZed to surround at least a portion of the 
longitudinal axis of the ultrasonic probe; and 

instructions for assembling and tuning an ultrasonic medi 
cal device. 

25. The kit of claim 24 further comprising packaging 
Wherein the ultrasonic probe and the sheath are pre-steriliZed 
and sealed against contaminants. 

26. The kit of claim 24 further comprising a container for 
the ultrasonic probe. 

27. The kit of claim 26 Wherein the container complies 
With regulations governing the storage, handling and dis 
posal of a sharp medical device. 

28. The kit of claim 26 Wherein the container comprises 
a single use locking mechanism. 

29. A method of removing an occlusion from a blood 
vessel comprising: 

providing an ultrasonic probe having a ?rst terminus at a 
proximal end of the ultrasonic probe, a second terminus 
at a distal end of the ultrasonic probe and a longitudinal 
axis betWeen the ?rst terminus and the second termi 
nus; 

inserting the ultrasonic probe into the blood vessel; 

moving the ultrasonic probe to a site of the occlusion; and 

activating an ultrasonic generator coupled to the ultra 
sonic probe, 

Wherein the occlusion is removed in areas adjacent to a 
plurality of energetic nodes produced along a portion of 
the longitudinal axis of the ultrasonic probe, the plu 
rality of energetic nodes generated from a transverse 
vibration of the ultrasonic probe. 

30. The method of claim 29 further comprising irrigating 
the site of the occlusion by at least one irrigation passage 
located along at least a portion of the longitudinal axis of the 
ultrasonic probe. 

31. The method of claim 29 further comprising aspirating 
the site of the occlusion by at least one aspiration channel 
located along at least a portion of the longitudinal axis of the 
ultrasonic probe. 

32. The method of claim 29 further comprising reducing 
the occlusion to micron-siZed particles by the transverse 
vibration. 
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33. The method of claim 29 further comprising transmit 
ting an ultrasonic energy from the ultrasonic generator by a 
transducer engaging the ?rst terminus of the ultrasonic probe 
to transversely vibrate the ultrasonic probe. 

34. The method of claim 29 further comprising providing 
an imaging device to vieW the ultrasonic probe. 

35. The method of claim 29 further comprising providing 
a sheath surrounding at least a portion of the longitudinal 
axis of the ultrasonic probe. 

36. The method of claim 35 Wherein the sheath comprises 
an at least one irrigation channel. 

37. The method of claim 35 Wherein the sheath comprises 
an at least one aspiration channel. 

38. The method of claim 29 further comprising providing 
the ultrasonic probe having a ?exibility alloWing the ultra 
sonic probe to be articulated in the blood vessel. 

39. Amethod for destroying an occlusion in a blood vessel 
comprising: 

providing an ultrasonic probe having a ?rst terminus at a 
proximal end of the ultrasonic probe, a second terminus 
at a distal end of the ultrasonic probe and a longitudinal 
axis betWeen the ?rst terminus and the second termi 
nus; 

providing a balloon catheter having a balloon supported 
by the balloon catheter; 

inserting the balloon catheter proximal to the occlusion; 

inserting the ultrasonic probe through the balloon catheter 
and moving the ultrasonic probe proximal to the occlu 
sion; 

in?ating the balloon of the balloon catheter to engage the 
balloon With a Wall of the blood vessel; 

activating an ultrasonic generator engaged to the ultra 
sonic probe to provide an ultrasonic energy to the 
ultrasonic probe creating a transverse ultrasonic vibra 
tion of the ultrasonic probe, 

Wherein the balloon transmits the ultrasonic energy from 
the ultrasonic probe to the occlusion to destroy the 
occlusion. 

40. The method of claim 39 further comprising providing 
a sheath surrounding at least a portion of the longitudinal 
axis of the ultrasonic probe. 

41. The method of claim 39 further comprising reducing 
the occlusion to micron-siZed particles by the transverse 
ultrasonic vibration of the ultrasonic probe. 

42. The method of claim 39 Wherein the balloon of the 
balloon catheter is in?ated to a pressure to maintain engage 
ment betWeen the balloon and the Wall of the blood vessel. 

43. The method of claim 39 further comprising providing 
an imaging device to vieW the ultrasonic probe. 

44. The method of claim 39 Wherein the transverse 
ultrasonic vibration creates a plurality of nodes and a 
plurality of anti-nodes along at least a portion of the longi 
tudinal axis of the ultrasonic probe. 


