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(57) ABSTRACT 

A rotational atherectomy device for removing a stenotic tis 
Sue from the iliac artery of a patient. The device comprises a 
flexible, rotatable drive shaft having an elongated proximal 
portion, an elongated distal portion. An abrasive element is 
mounted to the drive shaft between the elongated proximal 
and distal portions of the drive shad and between and spaced 
away from a pair of counterweights which are mounted to 
said elongated portions of the drive shaft. The eccentric abra 
sive element and the counterweights are configured for rapid 
rotation together with the drive shaft, the drive shaft is con 
figured to extend throughout an entire length of the iliac artery 
to be treated. One elongated portion of the drive shaft extends 
out of the patient through a first access opening located in a 
femoral artery which is ipsilateral to the treated artery. 
Another elongated portion of the drive shaft extending 
through a second access opening located in another periph 
eral artery of the patient. A method of treating are iliac artery 
of a patient using Such a rotational atherectomy device. 

11 Claims, 9 Drawing Sheets 
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ROTATIONAL ATHERECTOMY DEVICE 
WITH ECCENTRICABRASIVE ELEMENT 

AND METHOD OF USE 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application is a continuation of U.S. application Ser. 
No. 13/262,795 filed on Oct. 21, 2011, which is a national 
phase application based on PCT/EP2010/054550 filed on 
Apr. 6, 2010, which claims priority of UK Patent Application 
No. 0905748.0 filed on Apr. 3, 2009. The contents of these 
previous applications are fully incorporated by herein by 
reference. 
The present invention relates to a rotational atherectomy 

device for removing a stenotic lesion from within a vessel of 
a patient. More specifically, the invention relates to a rota 
tional atherectomy device for removing or reducing a stenotic 
lesion in the iliac artery by rotating an abrasive element 
within the artery to partially or completely ablate the stenotic 
lesion and simultaneously remove out of the patient's body 
abraded particles (embolic particles or debris) released into 
the treated artery during the rotational atherectomy proce 
dure. It should be understood that rotational atherectomy 
devices and rotational atherectomy procedures are often 
referred to as rotational angioplasty devices and rotational 
angioplasty procedures. One type of rotational atherectomy 
devices is referred to as an orbital atherectomy device. All 
these terms may be used interchangeably herein. 

Atherosclerosis, the clogging of arteries, is a leading cause 
of coronary heart disease. Blood flow rough the peripheral 
arteries (e.g., carotid, femoral, renal, etc.), is similarly 
affected by the development of atherosclerotic blockages. 
One conventional method of removing or reducing blockages 
in blood vessels is known as rotational atherectomy. A device 
and a method for performing the Rotational Atherectomy 
Procedure are known from U.S. Pat. No. 4,990,134 to Auth. A 
rotational atherectomy (angioplasty) device based on this 
patent is commercially available from Boston Scientific Cor 
poration of Natik, Mass., USA. The Auth device includes an 
abrasive burr which is attached to a distal end of a hollow 
flexible drive shaft. The abrasive surface of the burr is formed 
from diamond particles. The device is rotated around a special 
guidewire, which is advanced across the Stenotic lesion. The 
device is advanced towards the Stenotic lesion around (over) 
the guidewire. The abrasive burr is positioned against the 
occlusion and the drive shaft is rotated around the guidewire 
at extremely high speeds (e.g., 20,000-160,000 rpm). As the 
abrasive burr rotates, the physician repeatedly advances it 
towards the stenotic lesion so that the abrasive surface of the 
burr scrapes against the occluding tissue and disintegrates it, 
reducing the occlusion and improving the blood flow through 
the vessel. It should be understood that the terms abrasive burr 
and abrasive element may be used interchangeably herein. 

U.S. Pat. No. 6,132,444 to Shturman (the instant inventor) 
et al., describes another rotational atherectomy device of the 
prior art. The Shturman device comprises an abrasive element 
located proximal to and spaced away from a distal end of the 
drive shaft. This abrasive element is formed from diamond 
particles directly electroplated to wire turns of an enlarged 
diameter portion of the drive shaft. The enlarged diameter 
portion of the drive shaft is asymmetric and is responsible for 
providing an abrasive element with a centre of mass which is 
spaced away from the rotational axis of the drive shaft. The 
device is rotated around a special guidewire and its eccentric 
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2 
abrasive element is able to open the treated stenotic lesion to 
a diameter Substantially larger than the maximum diameter of 
the abrasive element. 

U.S. Pat. No. 7,507,245 to Shturman (the instant inventor) 
et al., describes a third embodiment of the rotational atherec 
tomy device of the prior art. The device of U.S. Pat. No. 
7,507,245 is similar to the device of U.S. Pat. No. 6,132,444 
except that the abrasive element comprises a prefabricated 
abrasive crown disposed around the eccentric enlarged diam 
eter portion of the drive shaft. The device is commercially 
produced by Cardiovascular Systems, Inc. of St. Paul, Minn. 
The Patent Application WO 2006/126176 to Shturman (the 

current inventor) describes a rotational atherectomy device 
comprising a solid eccentric abrasive element and two solid 
asymmetric Support elements mounted on a hollow flexible 
drive shaft. The solid asymmetric support elements have their 
centres of spaced away (offset) from a rotational (longitudi 
nal) axis of the drive shaft and, during rotation of the drive 
shaft, act as counterweights to the eccentric abrasive element. 
In the most preferred embodiment of the invention, the centre 
of mass of each of the Solid counterweights is separated from 
the centre of mass of the abrasive element by an angle of 180 
degrees around the axis of the drive shaft. When the drive 
shaft of the rotational atherectomy device with solid counter 
weights is rotated, centrifugal forces generated by the Solid 
counterweights and the eccentric, abrasive element prefer 
ably act in Substantially the same plane but in opposite direc 
tions. These centrifugal forces cause the distal end portion of 
the drive shaft to flex and assume a generally bowed or arcu 
ate shape. During rotation of the drive shaft, the abrasive 
element and each of two solid counterweights move in orbital 
fashions around the axis of rotation of the drive shall in orbits 
that are substantially larger than the respective diameters of 
the abrasive element or solid counterweights. 

Disadvantages associated with either limited or completely 
absent distal embolic protection of all commercially available 
rotational atherectomy devices have been addressed in WO 
2006/126076 to Shturman (the instant inventor). An accor 
dance with WO 2006/126076 drive shaft has a fluid imper 
meable wall and allows an antegrade flow of pressurised fluid 
through a lumen of the drive shaft from a proximal end 
towards a distal end of the drive shaft. A portion of the 
pressurised fluid, after entering the treated vessel distal to the 
abrasive element, flows in a retrograde direction around the 
abrasive element and across the treated Stenotic lesion to 
entrainabraded embolic particles and evacuate them from the 
treated vessel as soon as they have been abraded by the 
abrasive element of the device. Several other embodiments of 
the device with distal embolic protection capability are dis 
closed in WO 2008/006701, WO 2008/006705, WO 2008/ 
O06706, WO 2008/006708, and WO 2008/062069 to Shtur 
man (the instant inventor), but in every one of these 
embodiments the abraded particles are entrained and evacu 
ated front the patient’s body by fluid which flows around the 
abrasive element in the retrograde direction (i.e. against the 
direction of the flow of blood in the treated artery). 
Over the last few years Edwards Lifesciences Corp. and 

CoreValve, Inc. (both of Irvine, Calif.) introduced to the 
market and clinical trials respectfully two types of novel 
Aortic Heart Valves which are configured for Transcatheter 
Aortic Valve Replacement. A delivery catheter for transfemo 
ral placement of Edwards SAPIEN Heart Valve has an outer 
diameter of about 7 millimeters. The Delivery Catheter which 
is used during the CoreValve ReValving R percutaneous aor 
tic valve replacement procedure has an outer diameter of 
about 6 millimeters. The delivery catheters of both companies 
have to be advanced though the Iliac Artery of the patient. A 
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large number of patients who may benefit from the Transcath 
eter Aortic Valve Replacement have atherosclerotic occlu 
sions in their Iliac Arteries. Often Iliac Arteries of older 
patients are not only affected by calcified atherosclerotic 
lesions but are tortuous as well. Therefore what is needed is a 
rotational atherectomy device which will be able to partially 
or completely ablate both the soft and calcified stenotic 
lesions in the tortuous iliac arteries of older patients. 

It is the objective of this invention to provide a rotational 
(orbital) atherectomy device which can ablate atherosclerotic 
plaques in tortuous iliac arteries and simultaneously remove 
abraded particles out of the patient’s body. 

It is another objective of this invention to provide a rota 
tional (orbital) atherectomy device which not only can simul 
taneously ablate the plaque and remove abraded particles out 
of the patient, but which can remove abraded particles from 
the iliac artery without the need to form the retrograde flow of 
fluid around the abrasive element of the device. 

All rotational (orbital) atherectomy devices described 
above have an abrasive element which is moved back and 
forth across the Stenotic lesion by alternately pulling and 
pushing on the elongated drive shaft of the device. Pushing on 
the proximal end of the elongated drive shaft, after removing 
the guidewire, may cause the flexible drive shaft to bend 
within the elongated drive shaft sheath. This, in turn, may 
cause discrepancy between the forward movement of the 
turbine (the drive shaft is connected to the turbine) and the 
forward movement of the abrasive element. Therefore, it is 
yet another objective of this invention to eliminate such a 
discrepancy by provide a rotational (orbital) atherectomy 
device in which the abrasive element is moved back and forth 
across the stenoticlesion by alternately pulling one end of the 
drive shaft in one direction and the other end of the drive shaft 
in the opposite direction. 

According to a preferred embodiment of the invention, the 
rotational atherectomy device for removing a stenotic tissue 
from the iliac artery of a patient is comprising a flexible, 
rotatable drive shaft having an elongated proximal portion, an 
elongated distal portion, and an abrasive element mounted to 
the drive shaft between the elongated proximal and distal 
portions of the drive shaft and between and spaced away from 
a pair of counterweights which are mounted to said elongated 
portions of the drive shaft, the eccentric abrasive element and 
the counterweights being configured for rapid rotation 
together with the drive shaft, the drive shaft being configured 
for extending throughout an entire length of the iliac artery to 
be treated and having one elongated portion of the drive shaft 
extending out of the patent through a first access opening 
located in a femoral artery which is ipsilateral to the treated 
artery, and the other elongated portion of the drive shaft 
extending through a second access opening located in another 
peripheral artery of the patient. 

Preferably, the device includes a pair of elongated drive 
shaft sheaths, one drive shaft sheath configured for slidably 
receiving the elongated proximal portion of the drive shaft 
and the other drive shaftsheath configured for slidably receiv 
ing the elongated distal portion of the drive shaft, the drive 
shaft sheaths having distal ends and being configured for 
advancement around corresponding portions of the drive 
shaft into the treatediliac artery such that the distalends of the 
sheaths become positioned spaced away from the counter 
weights, the space between the distal ends of the drive shaft 
sheaths allowing to repeatedly move the rotating abrasive 
element back and forth along the treated iliac artery and 
abrade the stenotic lesion. 

Preferably, one of the drive shaft sheaths should be in a 
fluid communication with a source of pressurized fluid, said 
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4 
pressurized fluid flows into the treated artery through said one 
drive shaft sheath, entrains abraded embolic particles, and is 
drained out from the treated artery through the other drive 
shaft sheath. 

Preferably, an inflatable occlusion balloon should be 
mounted to the distal drive shaft sheath, the inflatable occlu 
sion balloon being configured, when inflated, to restrict the 
flow fluids and abraded particles from the treated Stenotic 
lesion into the femoral artery. 

Preferably, at least one of the elongated portions of the 
drive shaft is configured to be connected to a rotatable shaft of 
a prime mover, the prime mover being configured for rotating 
the drive shaft. 

Preferably, the prime mover is slidably received within a 
housing of an advancer mechanism so that an operator can 
alternately pull and push on the elongated portion of the drive 
shaft by moving the prime mover back and forth within the 
housing of the advancer mechanism. 

Preferably, the elongated distal portion of the drive shaft is 
configured to be connected to a rotatable shaft of a prime 
mover, the prime mover being configured for rotating the 
drive shaft. 

Preferably, the prime mover is slidably received within a 
housing of an advancer mechanism so that an operator can 
alternately pull and push on the elongated distal portion of the 
drive shaft by moving the prime mover back and forth within 
the housing of the advancer mechanism. 

Preferably, the elongated proximal portion of the drive 
shaft is configured to be connected to rotatable shaft of a 
prime mover, the prime mover being configured for rotating 
the shaft. 

Preferably, the prime mover is slidably received within a 
housing of an advancer mechanism so that an operator can 
alternately pull and push on the elongated proximal portion of 
the drive shaft by moving the prime mover back and forth 
within the housing of the advancer mechanism. 

Preferably, the device includes a pair of prime movers and 
each of the elongated portions of the drive shaft is configured 
to be connected to a rotatable shaft of one of the two prime 
movers, the prime movers being configured for rotating the 
drive shaft. 

Preferably, each of the prime movers is slidably received 
within a housing of an advancer mechanism so that an opera 
tor can alternately pull on distal and proximal portions of the 
drive shaft by alternately moving the prime movers away 
from distal ends of the housings of the advancer mechanisms. 

Preferably, proximal ends of both elongated portions of the 
drive shaft are configured for releasable connection to oppo 
site ends of a rotatable shaft of a prime mover which is 
configured for rotating the drive shaft. 

Preferably, the prime mover is slidably received within a 
housing of an advancer mechanism so that an operator can 
alternately pull on distal and proximal portions of the drive 
shaft by moving the prime mover back and forth within the 
housing of the advancer mechanism. 

Preferably, the device includes a prime mover for rotating 
the drive shaft and an advancer mechanism which is config 
ured for slidably carrying the prime mover. 

Preferably, one of the elongated portions of the drive shaft 
is configured to be connected to a rotatable shaft of the prime 
mover, and the drive shaft sheath extending around said por 
tion of the shaft is configured to be connected to a housing of 
the advancer mechanism so that an operator can repeatedly 
move the abrasive element back and forth across the stenotic 
lesion by moving the prime moverback and forth with respect 
to the housing of the advancer mechanism. 
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Preferably, the atherectomy device comprises a pair of 
advancer mechanisms, a first advancer mechanism having a 
first housing which slidably carries a prime mover configured 
for rotating the drive shaft, and a second advancer mechanism 
having a second housing which slidably carries a hollow body 
comprising a rotatable shaft Supported by at least one bearing 
which is disposed within the hollow body, and wherein one of 
the two elongated portions of the drive shaft is configured to 
be connected to a rotatable shaft of the prime mover, and the 
other of the two elongated portions of the drive shaft being 
configured to be connected to the rotatable drive shaft of the 
second advancer mechanism, and further wherein the drive 
shaft sheaths are configured to be connected to distal ends of 
the housings of the advancer mechanisms so that an operator 
can move the abrasive element across the Stenotic lesion by 
alternately moving the prime mover and the hollow body 
away from the distal ends of the housings of the first and 
second advancer mechanisms. 

Preferably, the device comprising a flexible, rotatable drive 
shaft having an elongated proximal portion, an elongated 
distal portion, and an abrasive element mounted to the drive 
shaft between the elongated proximal and distal portions of 
the drive shaft and between and spaced away from a pair of 
counterweights which are mounted to said elongated portions 
of the drive shaft, the eccentric abrasive element and the 
counterweights being configured for rapid rotation together 
with the drive shaft, the drive shaft being configured for 
extending throughout an entire length of the artery to be 
treated and having one elongated portion of the drive shaft 
extending out of the patient through a first access opening 
located in a femoral artery, and the other elongated portion of 
the drive shaft extending through a second access opening 
located in another peripheral artery of the patient. 

Preferably, the device includes a pair of elongated drive 
shaft sheaths, one drive shaft sheath configured for slidably 
receiving the elongated proximal portion of the drive shaft 
and the other drive shaftsheath configured for slidably receiv 
ing the elongated distal portion of the drive shaft, the drive 
shaft sheaths having distal ends and being configured for 
advancement around corresponding portions of the drive 
shaft into the treated artery such that the distal ends of the 
sheaths become positioned spaced away from the counter 
weighs, the space between the distal ends of the drive shaft 
sheaths allowing to repeatedly move the rotating abrasive 
element back and forth along the treated artery and abrade the 
Stenotic lesion. 

Preferably, one of the drive shaft sheaths is in a fluid com 
munication with a source of pressurized fluid, said pressur 
ized fluid flows into the treated artery through said one drive 
shaft sheath, entrains abraded embolic particles, and is 
drained out from the treated artery through the other drive 
shaft sheath. 

Preferably, the device includes a prime mover for rotating 
the drive shaft. 

Preferably, the prime mover is slidably received within a 
housing of an advancer mechanism so that an operator can 
repeatedly move the abrasive element back and forth across 
the Stenotic lesion by repeatedly moving the prime mover 
back and forth within the housing of the advancer mecha 
nism. 

Preferably, the device includes an advancer mechanism 
which is configured for repeatedly moving the rotating prime 
mover together with the rotating drive shaft and the abrasive 
element back and forth across the treated stenotic lesion. 

Preferably, the elongated drive shaft sheath which is used 
for draining fluid should include a separate drainage lumen 
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6 
which should be configured exclusively for draining fluid and 
abraded particles out from the treated artery. 

Preferably, the elongated distal drive shaft sheath includes 
an occlusion balloon inflation lumen. 

Preferably, the centre of mass of the eccentric abrasive 
element and the centres of mass of the counterweights are 
spaced in opposite directions with respect to the longitudinal 
axis of the drive shaft. 

Preferably, each of the two elongated portions of the drive 
shaft is at least 15 centimeters long. 

Preferably, each of the two elongated portions of the drive 
shaft is at least 30 centimeters long. 

Preferably, an ultrasound transducer is mounted near the 
distal end of one of the drive shaft sheaths, the ultrasound 
transducer allowing acquisition of transverse ultrasound 
images of the treated artery. 

Preferably, the second access opening is located in a femo 
ral artery which is contralateral with respect to the iliac artery 
to be treated. 

Alternatively, the second access opening may be located in 
an artery of the upper extremity of the patient. 

According to the alternative embodiment, the second 
access opening may be located in one of the radial arteries of 
the patient. 

BRIEF DESCRIPTION OF DRAWINGS 

FIG. 1 is a side sectional view of iliac arteries. A stenotic 
lesion to be treated is located in the right iliac artery. A drive 
shaft of an atherectomy device of the invention is extending 
through the iliac arteries. FIG. 1 shows that an eccentric 
abrasive element is mounted to the drive shaft between and 
spaced away from a pair of counterweights which are 
mounted to the elongated portions of the drive shaft. FIG. 1 
shows that one elongated portion of the drive shaft (i.e. distal) 
extends out of the patient through a first access opening 
located in the ipsilateral to the lesion femoral artery of the 
patient and the other elongated portion of the drive shaft (i.e. 
proximal) extends out of the patient through a second access 
opening located in the contralateral to the lesion femoral 
artery of the patient; 

FIG. 2 is a side sectional view which shows that one elon 
gated drive shaft sheath has been advanced over the elongate 
proximal portion of the drive shaft, and another elongated 
drive shaft sheath has been advanced over the elongate distal 
portion of the drive shaft. FIG. 2 shows that distal ends of the 
sheaths are spaced away from the counterweights. FIG. 2 
shows an occlusion balloon which are mounted to the distal 
drive shaft sheath near the distal end of the sheath. FIG. 2 
shows that the elongated portion on the drive shaft on each 
side of the abrasive element is connected to the advancer 
mechanism. This allows moving the abrasive element in one 
direction across the Stenotic lesion by pulling on the elon 
gated portion of the drive located on one side of the abrasive 
element, and moving the abrasive element in the opposite 
direction by pulling on the elongated portion of the drive, 
located on the other side of the abrasive element. FIG. 2 
shows that the elongated proximal drive shaft sheath has been 
connected to a source of pressurized fluid (not shown). FIG.2 
illustrates that pressurized fluid flows towards the treated iliac 
artery through the proximal drive shaft sheath and is drained 
from the artery through the distal drive shaft sheath. 

FIG. 3 shows that the inflated occlusion balloon prevents 
the flow of blood from the treated stenotic artery into the 
femoral artery. The occlusion balloon is mounted to the distal 
drive shaft sheath near the distal end of the sheath; 
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FIGS. 4 and 5 are side sectional views illustrating the 
process of ablation of the atherosclerotic plaque by the rotat 
ing abrasive element which is repetitively moved back and 
forth across the stenotic lesion. FIGS. 4 and 5 illustrate that 
moving the abrasive element in one direction across the 
Stenotic lesion is achieved by moving a first turbine away 
from the distal end of the housing of a first advancer mecha 
nism, and moving the abrasive element in the opposite direc 
tion is achieved by moving the second turbine away from the 
distal end of the housing of the second advancer mechanism. 
FIGS. 4 and 5 illustrate that abraded particles are removed 
from the patient as soon as they are produced; 

FIG. 6 is a side sectional view illustrating that a plurality of 
ultrasound transducers can be mounted to a distal end portion 
of one of the elongated drive shaft sheaths. These transducers 
allow repeatedly acquiring cross-sectional ultrasound images 
of the treated vessel throughout the atherectomy procedure; 

FIG. 6A is a cross-sectional view taken along the line A-A 
shown in FIG. 6 and shows an ultrasound image acquired by 
the ultrasound transducers; 

FIG. 7 is a side sectional view showing that proximal ends 
of the elongated portions of the drive shaft can be connected 
to the opposite ends of the same turbine shaft. This allows 
moving the abrasive element back and forth across the 
stenotic lesion by moving the turbine back and forth with 
respect to the housing of the advancer mechanism; 

FIG. 8 is a side sectional view illustrating that one elon 
gated portion of the drive shaft (i.e. distal) extends out of the 
patient through a first access opening located in the ipsilateral 
to the treated iliac artery femoral artery of the patient and the 
other elongated portion of the drive shaft (i.e. proximal) 
extends out of the patient through a second access opening 
located in the radial artery of the patient; 

Reference is made in this specification to the “distal and 
“proximal’ ends of the elongated drive shaft sheaths. For the 
purpose of this specification, the distal end is considered to 
refer to the end of the sheath which is located inside the 
patient’s body, and the proximal end is considered to refer to 
that end of the sheath which is located outside the patients 
body. Embolic particles are indicated by symbol “EP”, and 
the flow offluid through the device is indicated by arrows “F”. 
It should be noted that the terms “guidewire' and “guide 
wire' are used interchangeably to the medical device litera 
ture. The terms “prime mover and “gas turbine are used 
interchangeably throughout this specification as well. It 
should be understood that any connection of the elongated 
portion of the drive shaft to a shaft of the prime mover can be 
made a releasable connection. It should be also understood 
that any connection of the drive shaft sheath to a housing of an 
advancer mechanism can be made a releasable connection. 

Operation of the rotational atherectomy device to abrade 
the stenotic lesion located in the iliac artery will now be 
described with reference to FIGS. 1 to 8 of the accompanying 
drawings. 

FIG. 1 is a side sectional view of iliac arteries. A stenotic 
lesion 3 to be treated is located in the right iliac artery 1. A 
drive shaft 10 of an atherectomy device of the invention is 
extending through the iliac arteries. FIG. 1 shows that an 
eccentric abrasive element 16 is mounted to the drive shaft 10 
between and spaced away from pair of counterweights 18, 19 
which are mounted to elongated portions of the drive shaft 11, 
14. FIG. 1 shows that one elongated portion or the drive shaft 
(i.e. distal) 14 extends out of the patient through a first access 
opening located in the ipsilateral to the lesion femoral artery 
9 of the patient and the other elongated portion of the drive 
shaft (i.e. proximal) extends out of the patient through a 
second access opening located in the contralateral to the 
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8 
lesion femoral artery 29 of the patient. It should be under 
stood that one of the of elongated portions of the drive shaft 
11, 14 may be shorter than the other, but even the shorter 
elongated portion of the drive shaft should have at least 10 
centimeters in its length. Preferably, each elongated portion 
of the drive shaft should have at least 30 centimeters in its 
length. 

It should be noted that the drive shaft 10 may be advanced 
into its position over the guidewire (not shown). The 
guidewire may be introduced, for example, from the con 
tralateral side through a percutaneous puncture, and advanced 
superiorly towards the aorta 6. A retrieval catheter (not 
shown) is introduced through a vascular access site in the 
ipsilateral femoral artery and advanced into the ipsilateral 
iliac artery. The retrieval catheter is used to grasp the 
guidewire and retract it inferiorly through the ipsilateral vas 
cular access site. The above described technique of advancing 
the guidewire is well known to the interventional cardiolo 
gists and interventional radiologists. The guidewire is 
removed after the drive shaft 10 has been advanced over it. 

FIG. 2 is a side sectional view which shows that one elon 
gated drive shaft sheath 41 has been advanced over the elon 
gate proximal portion 11 of the drive shaft 10, and another 
elongated drive shaft sheath 43 has been advanced over the 
elongate distal portion 14 of the drive shaft 10. The elongated 
drive shaft sheaths 41, 43 are configured for slidably receiv 
ing corresponding portions of the drive shaft 10. FIG. 2 shows 
that the distal ends of the sheaths 41, 43 are spaced away from 
the counterweights 18, 19. The space between the distal ends 
of the elongated sheaths 41, 43 allows moving the rotating 
abrasive element 16 together with counterweights 18, 19 back 
and forth along the treated Stenotic lesion3 in the iliac artery 
1. FIG. 2 shows that the elongated distal portion 14 of the 
drive shaft 10 has been connected to a prime mover 21 and the 
corresponding elongated drive shaft sheath 43 has been con 
nected to a housing 23 of an advancer mechanism 80 which 
carries the prime mover (i.e. gasturbine) 21. The prime mover 
21 is configured for rotating the drive shaft 10. The advancer 
mechanism 80 slidably receives the prime mover 21 within its 
housing 23 and allows moving the rotating drive shaft 10 and 
its abrasive element back and forth across the stenotic lesion 
to be treated, it should be noted that the prime mover 21 
usually includes a gas turbine, but it may be comprised from 
an electric motor as well. 

FIG.2 shows that the elongated proximal drive shaft sheath 
41 has to be been connected, for example, via a tube 42 to a 
source of pressurised fluid (not shown). FIG. 2 illustrates that 
pressurized fluid flows towards the treated iliac artery 1 
through the proximal drive shaft sheath 41 and is drained 
from the artery through the elongated distal drive shaft sheath 
43 and its side branch 45. The direction of the flow of pres 
surized fluid is indicated by arrows “F”. It should be noted 
that a power injector or any other Suitable pump may be used 
for pumping fluid into the elongated proximal drive shaft 
sheath 41. 

FIG. 3 illustrates that occlusion balloon 51 has been 
inflated within the treated vessel 1. The occlusion balloons 51 
is mounted to the elongated distal drive shaft sheath 43 near 
the distal end of the sheath. The occlusion balloons 51 pre 
vents the flow of blood and abraded particles away from the 
treated stenotic lesion 3 into the femoral artery 9. 

It should be understood that repeated back and forth move 
ments of the rotating abrasive element 16 along treated iliac 
artery 1 and across the stenotic lesion 3 can be achieved by 
repeatedly moving back and forth the turbine 21 within the 
housing 23 of the advancer mechanism 80. It should be noted 
that the back moving turbine 21 pulls the elongated distal 
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portion 14 of the shaft 10, and the forward moving turbine 21 
pushes on the proximal end of the elongated distal portion 14 
of the shaft 10. As it was already described, in the preferred 
embodiment of the invention, the guidewire is used only to 
advance the drive shaft 10 through the iliac arteries. Pushing 
on the proximal end of the elongated drive shaft, after remov 
ing the guidewire, may cause the flexible drive shaft to bend 
within the elongated drive shaft sheath 43. This, in turn, may 
cause discrepancy between the forward movement of the 
turbine 21 and the forward (proximal) movement of the abra 
sive element 16. An embodiment shown in FIGS. 3 through 6 
is addressing this issue by providing a second advancer 
mechanisms 81 and moving the abrasive element 16 proxi 
mally across the treated stenoticlesion3 by pulling the elon 
gated proximal portion 11 of the drive shaft 10 by the second 
turbine 31 instead of pushing on the proximal end of the 
elongated distal portion 14 of the drive shaft 10 by the turbine 
21. The physician is moving the abrasive element 16 in one 
direction across the Stenotic lesion3 by pulling the proximal 
end of the elongated portion of the drive shaft located on one 
side of the abrasive element 16, and the physician is moving 
the abrasive element 16 in the opposite direction by pulling 
the proximal end of the elongated portion of the drive located 
on the other side of the abrasive element 16. It should be noted 
that the second advancer mechanism 81 does not need to have 
a compete turbine assembly and the housing 31 may include 
only one or two bearings for rotatably supporting the proxi 
mal end of the shaft 10. 

FIG. 4 shows that rotation of the eccentric abrasive element 
16 and counterweights 18, 19 has been initiated. The abrasive 
element 16 is orbiting within the stenoticlesion and abrading 
it. FIG. 4 illustrates that abraded particles “EP” are entrained 
by the flow of and they are removed from the treated iliac 
artery 1 and the patient’s body as soon as they are produced. 

FIGS. 4 and 5 illustrate back and forth movements of the 
rotating abrasive element 16 along the treated iliac artery 1 
and across the Stenotic lesion 3. A physician can repeatedly 
move the rotating abrasive element 16 back and forth by 
repeatedly moving back and forth the turbine 21 (knob. 25) 
within the housing 23 of the advancer mechanism 80. 

FIG. 6 illustrates that a plurality of ultrasound transducers 
61 can be mounted to a distal end portion of the elongated 
distal drive shaft sheath 43. These transducers 61 allow 
repeatedly acquiring cross-sectional ultrasound image(s) of 
the treated vessel throughout the atherectomy procedure and 
enhancing its safety. FIG. 6A is a cross-sectional view taken 
along the line A-A shown in FIG. 6 and shows an ultrasound 
image acquired by the ultrasound transducers 61. 

FIG. 7 is a side sectional view showing that proximal ends 
of the elongated distal and proximal portions of the drive shaft 
10 (i.e. elongated portions located on opposite sides of the 
abrasive element16) can be connected to the opposite ends of 
the shaft of the single turbine 23". This allows moving the 
abrasive element 16 back and forth across the stenotic lesion 
3 by moving back and forth the single turbine 21' with respect 
to the housing 23' of the advancer mechanism. 

It should be noted that after completing the treatment of 
one iliac artery (i.e. right) the abrasive element 16 can be 
repositioned into another stenotic iliac artery (i.e. left) with 
out removing the drive shaft 10 out of the patient’s body. 

FIG. 3 is a side sectional view illustrating that one elon 
gated portion of the drive shaft (i.e. distal portion 14) may 
extend out of the patient through a first access opening located 
in the ipsilateral with respect to the stenotic lesion femoral 
artery 9 and the other elongated portion of the drive shaft (i.e. 
proximal portion 11) may extend out of the patient through a 
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10 
second access opening located in the radial artery 70 instead 
of extending through the access opening in the contralateral 
femoral artery 29. 

It should be noted that radio opaque markers (rings) 
mounted to the drive shaft sheaths in order to facilitate appro 
priate positioning of the sheaths with respect to the counter 
weights 18, 19. 
A preferred method of using the rotational (orbital) 

atherectomy device of the invention for treating, a stenotic 
lesion in the iliac artery should include the following steps: 

a) positioning the drive shaft in the iliac arteries such that 
one elongated portion of the drive shaft extends out of the 
patient through a first access opening located in the femoral 
artery which is ipsilateral to the iliac artery to be treated, and 
the other elongated portion the drive shaft extends through a 
second access opening located in the femoral artery which is 
contralateral to the iliac artery to be treated: 

b) positioning the abrasive element within the stenotic 
lesion to be treated and locating the drive shaft sheaths in the 
treated iliac artery such that their distal ends are spaced away 
from the counterweights abrasive; 

c) inflating occlusion balloons of the distal sheaths; 
d) initiating the flow of pressurized fluid through the first 

sheath and draining it through the second sheath; and 
e) initialing rotation of the drive shaft and repeatedly mov 

ing the rotating abrasive element back and forth across the 
treated Stenotic lesion; 

f) deflating occlusion balloons, repositioning the abrasive 
element and the a shaft sheaths along the treated artery, and 
repeating the steps b, c, d and e, and 

g) if the other iliac artery also has a stenotic lesion, then 
repositioning, the abrasive element in the other iliac artery, 
positioning the drive shaft sheaths in the treated artery such 
that their distal ends are spaced away from the abrasive ele 
ment, and repeating the steps b, d, e, and f. 

While the present invention is described herein in terms of 
certain preferred embodiments, those skilled in the art will 
recognize that various modifications and improvements may 
be made to the invention without departing from the scope 
thereof. Moreover, although individual features of one 
embodiment of the invention may be discussed herein or 
shown in the drawings of the one embodiment and not in other 
embodiments, it should be apparent that individual features of 
one embodiment may be combined with one or more features 
of another embodiment or features from a plurality of the 
embodiments. 
The invention claimed is: 
1. A method of treating an iliac artery of a patient, com 

prising: 
positioning an elongate catheter of a system for performing 

rotational atherectomy in a blood vessel of a patient, the 
elongate catheter defining a first lumen and a second 
lumen, the elongate catheter including an inflatable bal 
loon member attached to and Surrounding an outer diam 
eter of an end portion of the elongate catheter, the bal 
loon member in fluid communication with the first 
lumen, the balloon member configured to contact a 
blood vessel wall when the balloon member is in an 
inflated configuration; 

rotating a rotational atherectomy device of the system 
while the rotational atherectomy device is at least par 
tially disposed within the second lumen of the elongate 
catheter, the rotational atherectomy device comprising 
an elongate flexible drive shaft defining a central lumen 
and a longitudinal axis, the drive shaft configured for 
rotation about the longitudinal axis, an eccentric abra 
sive element that is mounted to the drive shaft such that 
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a center of mass of the abrasive element is offset from the 
longitudinal axis of the drive shaft, and a pair of stability 
elements including a first stability element that is fixed to 
the drive shaft at a location proximal to the abrasive 
element, and a second stability element that is fixed to 
the drive shaft at a location distal to the abrasive element, 
wherein a distal portion of the drive shaft extends dis 
tally of a distal end of the second stability element, 
wherein said rotating the rotational atherectomy device 
is caused by a prime mover for rotating the drive shaft; 
and 

repeatedly moving the rotating drive shaft and its abrasive 
element back and forth across a stenoticlesion to remove 
stenotic lesion material from the blood vessel, wherein 
the abrasive elementabrades the stenoticlesion material 
from the blood vessel. 

2. The method of claim 1, further comprising locating the 
elongate catheter in the blood vessel such that a distal end of 
the elongate catheter is spaced away from the first stability 
element. 

3. The method of claim 1, wherein the first stability element 
is a first counterweight, and the second stability element is a 
second counterweight. 

4. The method of claim3, further comprising inflating the 
inflatable balloon member and aspirating stenotic lesion 
material through the second lumen of the elongate catheter. 

5. The method of claim 4, further comprising: 
deflating the inflatable balloon member; 
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repositioning the drive shaft within the blood vessel; and 
repeating the steps of rotating the rotational atherectomy 

device and repeatedly moving the rotating drive shaft 
and its abrasive element back and forth across the 
stenotic lesion. 

6. The method of claim 1, further comprising: 
advancing an intravascular ultrasound imaging catheter 

over the drive shaft into the blood vessel and across the 
stenotic lesion, and 

acquiring cross-sectional images of the stenotic lesion 
aCa. 

7. The method of claim 1, wherein the distal portion of the 
drive shaft that extends distally of the second stability ele 
ment has a length that is greater than an axial length of the 
second stability element. 

8. The method of claim 7, wherein the distal portion of the 
drive shaft extends at least 10 centimeters. 

9. The method of claim 1, wherein the first and second 
Stability elements are equally spaced apart from the abrasive 
element. 

10. The system of claim 1, further comprising advancing 
the rotational atherectomy device over a guidewire and 
toward the stenotic lesion material, the guidewire being con 
figured to be slidably disposed within the central lumen of the 
drive shaft. 

11. The method of claim 1, wherein the elongate catheter 
operates as an elongate drainage catheter. 

ck ck ck ck ck 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

CERTIFICATE OF CORRECTION 

PATENT NO. : 9,089,362 B2 Page 1 of 1 
APPLICATION NO. : 14/170923 
DATED : July 28, 2015 
INVENTOR(S) : Leonid Shturman 

It is certified that error appears in the above-identified patent and that said Letters Patent is hereby corrected as shown below: 

Tile Page, 

Column 2. Item (57) (Abstract) Line 6 Delete “shad and insert-shaft--, therefor. 
Column 2. Item (57) (Abstract) Line 17 Delete “are and insert --an-, therefor. 
In the Claims, 

Column 12 Line 21 Claim 10 Delete “system of claim 1 and insert --method of claim 1-, therefor. 

Signed and Sealed this 
Twenty-first Day of June, 2016 

74-4-04- 2% 4 
Michelle K. Lee 

Director of the United States Patent and Trademark Office 
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