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Aortic Valve Cutter

CROSS REFERENCE TO RELATED APPLICATIONS
(6001} This application claims priority to United States Provisional Application Serial
No. 61/733,803, titled “Aortic Valve Cutter,” filed on December §, 2012, the entire contents of

which are herein incorporated by reference,

BACKGROUND AND SUMMARY OF THE INVENTION
[0002] Aortic stenosis, an abnormal narrowing of the aortic valve, is the most common
valve disease in the world. Patients with aortic stenosis experience restricted blood flow from the
heart and suffer increased risk of heart failure, Currently available treatments for gortic stenosis
include surgical valve replacement, transcatheter valve replacement, and and balloon aortic
valvuloplasty. In surgical valve replacement, the patient undergoes open heart surgery to replace
the stenotic valve. A transcatheter valve replacement (TAVR), in which the valve is replaced in
a transcatheter procedure, is a less invasive approach to replacing the stenotic valve. Balloon
aortic valvuloplasty does not replace the valve, but rather a balloon catheter is inflated within the

aortic valve to increase the size of the opening,

[0603] Each of these existing treatments has advantages and drawbacks. The drawbacks
of the surgical approach include the obvious risks of such major surgery. A drawback of the
TAVR and balloon aortic valvuloplasty is that both procedures require that the heart undergo
short and rapid ventricular pacing during postions of the procedure. This rapid pacing may not be
tolerable for some patients. Further, the costs of the sorgical valve replacement and TAVR are

quite high. The balloon aortic valvuloplasty produces improvements in the aortic stenosis, but
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the improvements typically last only a few months, What is desired is a lower cost, safer

minimally-invasive procedure to increase the opening of a stenotic valve.

{0004} An agortic valve cutter of the present disclosure comprises a flexible housing with
a central lumen for receiving a guide wire. A high-speed rotating wire is disposed within the
housing near an edge of the housing. A trough cut into a side of the housing exposes a portion of
the rotating wire such that the rotating wire can be used as a cutter. Two pusher wires are
disposed on an opposite side of the housing from the rotating wire, also housed within the
housing. Troughs cut inte the side of the housing form openings from which the pusher wires can
extend if they are advanced. The pusher wires are siaggered with respect to one another in the
longitudinal direction. When the pusher wires are advanced, they extend outwardly from the
troughs and can be used to stabilize the cutter at the aortic valve and push the cutting wire

against the valve on the opposite side.

[3005] Two wire pressure transducers are disposed on the housing, onc above the
rotating wire and another below the rotating wire. These transducers allow for monitoring of the
pressure gradient across the valve as the culting proceeds. By monitoring the transvalve gradient
while the cuts are made to the aortic valve, the aortic valve area can be estimated during the

procedure,

100085] For purposes of summarizing the invention, certain aspects, advaniages, and novel
features of the invention have been described herein. It is to be understood that not necessarily
all such advantages may be achieved in accordance with any one particular embodiment of the

invention. Thus, the invention may be embodied or carried out in a manner that achieves or
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oplimizes one advantage or group of advantages as taught herein without necessarily achieving

other advaniages as may be taught or suggested herein,

BRIEF DESCRIPTION OF THE DRAWINGS

{0807} The disclosure can be betier understood with reference to the following drawings.
The elements of the drawings are not necessarily to scale, emphasis instead being placed upon
clearly illustrating the principles of the disclosure, Furthermore, like reference numerals

designate corresponding parts throughout the several views.

(3008} Fig. 1 is a front plan view of an embodiment of an aortic valve cutter in

accordance with the present disclosure,

(66091 Fig. 2 is a cross sectional view of the aortic valve cutter of Fig, I, taken along

section lines A-A,

(0618} Fig. 3 is a cross sectional view of the aortic valve cutter of Fig, 1, taken along

section lines B-B.,

(6011} Fig. 4 a cross sectional view of the aortic valve cutter of Fig. 1, taken along

section lines C-C.

(0812} Fig. 5 is a right side plan view of the aortic valve cutter of Fig. 1.

18613} Fig, 5a is an enlarged view of the aortic valve cutter of Fig. 5, taken along line E
of Fig. 5.

{0014} Fig. 6 is a left side plan view of the agrtic valve cutter of Fig. 1.
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{0615] Fig. 7 depicts the aortic valve cutter of Fig. 1 being used to cut a stenosed aortic
valve,
{0616} Fig. 8 is a cross sectional view of the aortic valve cutier of Fig. 7, faken along

section lines D-D.

DETAILED BESCRIPTION

[0617] Fig. 1 is a front perspective view of an aortic valve cutter 10 according {0 an
exemplary embodiment of the present disclosure. In this embodiment, the valve cufter 10
comprises an elongated housing 9 with a central lumen 17 (Fig. 2) extending through the housing
9 for recetving a guide wire (not shown), An upper opening (not shown) is disposed in an upper
end 14 of the housing 9 and a lower opening (not shown) is disposed in a distal end 15 of the
housing 9. The guide wire passes through the upper opening, the lumen, and the lower opening.
The lumen 17 and openings allow the cutter 10 1o be advanced through an artery and across the

aortic valve in an gver-the-wire fashion.

[0018] In the illustrated embodiment, the housing 9 is formed in one piece from flexible
material such as the tubing currently used to form cardiac catheters. The housing 9 comprises a
generally cylindrical upper portion 11 and a generally elliptical lower portion 12, A transition
portion 13 fransitions the housing 9 from the generally cylindrical (round) shape of the upper
portion 11 to a generally elliptical shape of the lower portion 12. A narrowed tip 18 is disposed
at the distal end 15 of the bhousing 9. The tip 18 is tapered for ease in passing the cutter 10

through the aortic valve.
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[06019] The cutter 10 further comprises a cutting wire 19, The cutting wire 19 extends
longitudinally down the housing 9 and is substantially parallel with a longitudinal axis of the
housing 9. The cufting wire is accessible via a cutting trough 20. In this regard, the cutting trough
20 comprises an elongated opening in an outer wall of the housing 9 in the elliptical lower
portion 12 of the housing 9. The cutting wire 19 is disposed near an outer edge {not shown) of

the housing 9 such that the cutfing wire 19 is exposed for the length of the cutting trough 20,

(0028} The cutting wire 19 is a diamond-coated wire in one embodiment, and rotates at a
high speed when the cutter 10 is in operation. The rotation of the cutting wire 19 s effeciuated
by a motor {not shown) that turns a rotating wire {not shown) that extends through the upper end
14 of the cutter 10 into the housing 9 and rotates the cutting wire 19, The motor may be any of a

number of pneumatic or electrical motors known in the art,

{4821} An upper pusher wire 21 and a lower pusher wire 22 are disposed on an opposite
side of the housing 2 from the cutting wire 19, The upper pusher wire 21 and the lower pusher
wire 22 each comprise wires that extend longitudinally through the upper end 14 of the cutter 10
and into the housing 9. The upper pusher wire 21 and the lower pusher wire 22 are each
substantially parallel with a longitudinal axis of the housing 9. The upper pusher wire 21 is
disposed within an upper trough 26 and the lower pusher wire 22 is disposed within a lower
trough 23, The upper trough 26 and the lower trough 25 cach comprise elongated openings in the
housing ¥ through which the pusher wires 21 and 22 are extendible, In this regard, the pusher
wires 21 and 22 are in a retracted orientation (i.e., not extended) during insertion of the cutier 10
within the patient’s aortic valve, When the pusher wires 21 and 22 are in the retracted

orientation, the pusher wires 21 and 22 are substantially parallel to the cutting wire 19,

L
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16022 Advancing the pusher wires 21 and 22 causes them to extend from the troughs 26
and 25 as shown in Fig. 1. The pusher wires 21 and 22 are thus extendable and retractable in the
direction shown by directional arrows 30 and 31, The advancing mechanism (not shown) for the
pusher wires is of a type known in the art, such as a track bar with a thumb driven slide or a

small rotating wheel.

(0023 The upper trough 26 is located upwardly from the lower trough 25 such that the
pusher wires 21 and 22 are staggered as shown. The upper trough 26 is disposed closely beside
the lower trough 25 such that the wires 21 and 22 are spaced closely together. When the pusher
wires 21 and 22 are extended as shown in Fig. 1, a valley 23 is formed between the outermost
points of the pusher wires 21 and 22, This valley 23 can be used to help position the valve cutter
10 when it is in use, as further discussed herein with respect to Fig. 7. Note that the valley 23 is
generally aligned with the longitudinal center of the cutting wire 19, This means that when the
valley 23 is countacting a portion of the aortic valve, the center of the cutting wire 19 should be

aligned with an opposite portion of the aortic valve.

[6024] The illustrated ernbodiment comprises two pusher wires, 1.e., the upper pusher
wire 21 and the lower pusher wire 22. Other embodiments may comprise more or fewer pusher

wires.

[0925] The cutter 10 further comprises an upper transducer 32 and a lower transducer 33,
The upper transducer 32 is located above the cutting wire 19 and the lower transducer 33 is
located below the cutting wire 19. The upper and lower transducers 32 and 33 are of a type

known 1u the art for weasuring the pressure inside a patient’s hearl. In use of the cutier 10, the

6
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upper transducer 32 is typically used to measure the sortic pressure and the lower transducer 33

is used to measure the pressure in the left ventricle, as is discussed further herein.

18026} Fig. 2 is a cross-sectional representation of the upper portion 11 of the cutter 10 of
Fig. 1, taken along section lines A-A. An outer wall 34 extends generally circularly around the
perimeter of the housing 9. The upper portion has a diameter of 14 French in one embodiment,
though other sizes may be used. The lumen 17 is centrally disposed within the housing 9. The
cutting wire 19 is disposed near the outer wall 34, within a sheath 35, The sheath 35 is generally
oval or cylindrical in shape and extends down through the housing 9. In the illustrated
embodiment, the sheath 35 swrrounds the cutiing wire 19 down the length of the housing 9,

except where the cutting trough 20 (Fig. 1) is located.

(0627} The pusher wires 21 and 22 are located on an opposite side from (i.e., generally
180 degrees apart from) the cutting wire 19 in the illusirated embodiment. The pusher wires 21
and 22 are located close together and very close to the edge of the external wall 36 as shown.
This arrangement cnables the pusher wires 21 and 22, where they extend from the troughs 26 and
25 (Fig. 1), to push against the aoriic valve leaflets {(not shown) {o assist in stabilizing the
catheter 10 and advancing the cutting wire 19 toward the tissue being cut, as further discussed

herein,

{0628} A transducer wire 37 extends through the housing 9 to the upper and lower

transducers 32 and 33.

[0629] Fig. 3 is a cross-sectional view of the elliptical portion 12 of the cutter 10 of Fig.
1, taken along section lines B-B, In the ellipticel portion 12, an outer wall 36 is ovally shaped,

with the cutting wire 19 and the pusher wires 21 and 22 disposed on opposite outermost sizes of

-3
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the oval as shown. The width “D” of the elliptical portion 12 of the cutter 10 is the same as the
diameter of the upper portion 11 in the illustrated embodiment. The short side “y” of the

elliptical portion 12 of the cutter 10 is substantially less than the width “D.”

(0930} Fig. 4 is a partial cross-sectional representation of the elliptical portion 12 of the
cutter 10 of Fig. 1, taken along sections lines C-C, This figure shows the pusher wires 21 and 22
extended from the housing 9. In this extended position, the pusher wires 21 and 22 extend

beyond the outer wall 36 as shown.

(8631} In this cross-sectional view, the cutting wire 19 appears as if it is extended from
the cutting trough 20. However, the cutting wire 19 is generally vertically disposed within the
housing 9. The cutting wire 19 rotates, but it does not typically bend. Because the outer wall 36
is cuf away at the location of the cutting trough 20, the cutting wire 19 becomes the outermost
surface at the location of the cutting trough 20, such that the cutting wire 19 may cut any tissue i
contacts if the cutting wire 19 is rotating. In other words, the cutting wire extends further

outwardly than opposed longitudinal edges 80 and 81 of the cutting trough 20,

(6032} Fig. § is a right side plan view of the cutter 10 of Fig. 1. Note that because the
elliptical lower portion 12 of the housing 9 is elliptically shaped, the lower portion 12 is

narrower than the upper portion 11 in this view.

{0033] Fig. 5a is an enlarged partial view of the cutter 10 of Fig. 5, taken along line “B”
of Fig. 5. The upper trough 26 is disposed closely beside the lower trough 25, but is spaced
above the lower trough 25 as shown; 1.e., the troughs 26 and 25 are staggered in the longitudinal
direction. The upper trough 26 is a generally rectangular cutout in the outer wall 36 and has an

upper end 42 and a lower end 40. A lower end 44 of the pusher wire 21 is fixed at or near the
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fower end 40 of the upper trough 26. The lower end 44 of the pusher wire 21 being fixed enables
the pusher wire 21 to extend from the trough 26 when the pusher wire 21 is advanced, and to

retract from the trough 26 when the pusher wire 21 is retracted.

(0034} Similarly, the lower trough 25 is a generally rectangular cutout in the outer wall
36 and has an upper end 43 and a lower end 41. A lower end 45 of the pusher wive 22 is fixed at
or near the lower end 41 of the lower trough 25, The lower end 45 of the pusher wire 22 being
fixed enables the pusher wire 22 to extend from the trough 25 when the pusher wire 22 is

advanced, and to retract from the trough 25 when the pusher wire 22 is retracted.

[6035) Fig. 6 is a left side plan view of the cutter 10 of Fig. 1. In this embodiment, the
cutting trough 20 is a generally rectangularly shaped cutout in the outer wall 36, The cutting
trough has a short top edge 82, a short bottom edge &3, and opposed longitudinal edges 80 and
01. In one embodiment, the cutting trough 20 is generally 2 centimeters in longitudinal length.
The upper pressure transducer 32 is disposed above the culting wire 20 and the lower pressure

transducer 33 is disposed below the cutting trough 20.

(06036} Fig. 7 depicts the aortic valve cutter of Fig. 1 being used to cut a stenosed aortic
valve. To use the cutter 10, the cutter 10 is advanced transfemorally through the patient’s aorta
50 and across the aortic valve 51, such that the tip 18 has entered the left ventricle cavity 33,
Pressure measurements from the upper and lower transducers 32 and 33 can be used to position
the cutter 10 across the aortic valve 51, In this regard, a normal pressure in the acrta (not shown)
is around 120, and a normal pressure in the left veniricle cavity is around 50, When the upper

transducer 32 measures 8 pressure known to be the aortic pressure and the lower transducer 33
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measures a pressure known to be the left ventricular pressure, the cutter 10 will be known to be

in position where the cutting wire 19 is in general alignment with the aortic valve annulus 51,

{8037} The cardiologist may then advance the pusher wires 21 and 22 to extend them
from the cutter 10. To further align the cutter 10, the valley 23 between the upper pusher wire 21
and the lower pusher wire 22 may be aligned with the aortic annulus. In this regard, the
cardiologist should be able to discern when an aortic leaflet 70a (Fig. 8) contacts the vailey 23.
Because the valley 23 is aligned with a ceniral portion of the cutting wire 9, when the valley 23
is contacting a portion of the aortic valve S1, the center of the cutting wire 19 should be aligned

with an “opposite portion” of the aortic valve.

10038] Fig. & is a cross sectional view of the cutter 10 of Fig. 7, with the culler 10 ina
patient’s aortic valve, taken along section lines D-D. In this view the cutter pusher wires 21 and
22 are pressing against a leaflet 70a of the aortic valve 51, The pressing of the pusher wires 21
and 22 stabilizes the cutter within the aortic valve and also causes the cutter 10 {o move in the
direction indicated by directional arrow 81, such that the cutting wire 19 advances to cut along a

commissure 71a between the leaflets 70b and 70¢ of the aortic valve 51,

19039} The pressure readings from the upper and lower transducers 32 and 33 can be
monitored during the cutting procedure. As the cuts are made to reduce the aortic stenosis, the
systolic pressure reading from the lower transducer should begin to egualize with the reading

from the upper transducer.

10
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CLAIMS:
1. A device for cutting an aortic valve, the device comprising:

a housing comprising a single central lumen adapted to receive a guide wire, the housing
comprising an exierior wall;

a high speed rotating cutting wire disposed within the housing near an outside wall of the
housing;

an clongated cutout in the outside wall adjacent to the cutting wire, the elongated cutout
forming a cutting trough through which the cutting wire is accessible;

a pair of pusher wires disposed within the housing near the owtside wall of the housing,
on an opposite side of the housing from the cutting trough, the pusher wires each extendable
through the outside wall via a pusher wire trough associated with the pusher wire, the pusher
wire troughs comprising elongated cutouts in the outside wall, the pusher wire troughs spaced
apart from one another longitudinally such that when the pusher wires are extended from the

pusher wire troughs, a valley is formed between the pusher wires.

2. The device of claim 1, further comprising a substantially cylindrical upper portion and a
substantially oval lower portion with a iransition portion fransitioning the substantially
cylindrical upper portion to the substantially oval lower portion, wherein the cotting trough and

the pusher wire troughs each are disposed within the substantially oval lower portion.

3. The device of claim 2, wherein the cutting trough is disposed along a short side of the
substantially oval lower portion and the pusher wire troughs are disposed along an opposite short

side of the substantially oval lower portion.

11
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4. The device of claim 1, further comprising an upper pressurc transducer disposed
upwardly from the cutling wire and a lower pressure transducer disposed downwardly from the

cutting wire,

5. The device of claim 3, wherein opposed longitudinal edges of the cutting trough are

disposed inwardly from the cutting wire.

6. The device of claim 1, wherein the pusher wires are affixed at a botiom end of the pusher
wire troughs and advancing the pusher wires from an upper end of the device causes the pusher

wires to bow out from the pusher wire troughs.

7. The device of claim 1, wherein the housing comprises a tapered distal tip.
8. A device for cutting an aoriic valve, the device comprising:

a high speed rotating cutting wire extending within a housing near an outer wall of the
housing, the housing adapted for femoral insertion in an over-the-wire method;

a plurality of pusher wires extending within the housing near an outer wall of the housing
on an opposite side of the housing from the cuiting wire, the pusher wires extendable from the
outer wall of the housing, the pusher wires substantially parallel to the cutting wire when the

pusher wires are unextended.

9. The device of claim 8, further comprising a cuiting wire trough disposed within the outer
wall of the housing adjacent o the culting wire, the cutting wire frough comprising a cutout of
the outer wall, wherein opposed longitudinal sides of the cutting wire trough are disposed

inwardly from an outermost edge of the cutting wire.
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10, The device of claim 9, further comprising an upper pusher wire trough and a lower
pusher wire trough, wherein the upper pusher wire trough is disposed adjacently to and upwardly
from the lower pusher wire trough, each of the pusher wire troughs comprising a cutout from the

outer wall, on an oppostie side of the housing from the cutting wire trough.

11.  The device of claim 10, wherein a pusher wire is associated with and directly adjacent to
each of the upper and lower pusher wire troughs, and wherein advancing the pusher wires from

outside of the device causes the pusher wires to extend from the pusher wire troughs.

12, The device of claim 11, wherein when the pusher wires are extended, a valley is formed

between the pusher wires,

13.  The device of claim 12, wherein the valley is substantially aligned with a center of the

cutting trough,

14, The device of claim 9, further comprising an upper pressure transducer disposed
upwardly from the cutting wire and a lower pressure transducer disposed downwardly from the

cutting wire,

15, A device for cutting an aortic valve, the device comprising:

a high speed rotating cutting wire extending longitudinally within a single lumen catheter
near an outer wall of the catheter, the catheter adapted for femoral insertion in an over-the-wire
method, the cutting wire substantially parallel to the catheter, the cutting wire exposed for a

portion of its length at an opening in the outer wall;
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a first pusher wire extending longitudinally within the catheter near an outer wall of the
catheter on an opposite side of the catheter from the culting wire, the first pusher wire extendable

from the outer wall of the cathster.

16.  The device of claim 185, further comprising a second pusher wire extending longitudinally
within the catheter near an onter wall of the catheter on an opposite side of the catheter from the
cutting wive, adjacent to the first pusher wire, the second pusher wire extendable from the outer

wall of the catheter,

17 The device of claim 16, whersin the first poshier wive is disposed upwardly from the
second pusher wive such that when the flrst pusher wire and the seeend pusher wire are extended,

a valley is formed between them,

IR, The device of eladm 17, wherein the valley iy substantially aligned with 8 Seénler of the

expeved portion of the culling wive,

i4
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