0 2007/136754 A2 IV 0000 0 0000 0 0

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization Vd”Ij

) IO O T OO 0O

International Bureau

(43) International Publication Date
29 November 2007 (29.11.2007)

(10) International Publication Number

WO 2007/136754 A2

(51) International Patent Classification:
AG61B 1/04 (2006.01)

(21) International Application Number:
PCT/US2007/011912

(22) International Filing Date: 18 May 2007 (18.05.2007)

(25) Filing Language: English

(26) Publication Language: English
(30) Priority Data:

60/801,808 19 May 2006 (19.05.2006) US
(71) Applicant (for all designated States except US): BOSTON
SCIENTIFIC SCIMED, INC. [US/US]; One Scimed

Place, Maple Grove, MN 55311-1566 (US).

(72) Inventors; and

(75) Inventors/Applicants (for US only): BARENBOYM,
Michael [US/US]; 12 Doeskin Drive, Framingham, MA
01701 (US). OSTROVSKY, Isaac [US/US]; 5 Willow
Street, Wellesley, MA 02481 (US).

(74) Agents: TOSTI, Robert, J. et al.; Edwards Angell Palmer
& Dodge LLP, P.O. Box 55874, Boston, MA 02205 (US).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ, CA, CH,
CN, CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES,
FI, GB, GD, GE, GH, GM, GT, HN, HR, HU, ID, 1L, IN,
IS, JIP, KE, KG, KM, KN, KP, KR, KZ, LA, LC, LK, LR,
LS, LT, LU, LY, MA, MD, ME, MG, MK, MN, MW, MX,
MY, MZ, NA, NG, NI, NO, NZ, OM, PG, PH, PL, PT, RO,
RS, RU, SC, SD, SE, SG, SK, SL, SM, SV, SY, TJ, TM,
TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
FR, GB, GR, HU, IE, IS, IT, LT, LU, LV, MC, MT, NL, PL,
PT, RO, SE, SI, SK, TR), OAPI (BF, BJ, CF, CG, CI, CM,
GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Published:
without international search report and to be republished
upon receipt of that report

Fortwo-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations” appearing at the begin-
ning of each regular issue of the PCT Gagzette.

(54) Title: CONTROL MECHANISM FOR STEERABLE MEDICAL DEVICE

(57) Abstract: A control mechanism for use with a steerable medical device allows for single- handed operation of at least a distal
portion of the medical device. The device can be a catheter or an endoscope, for example.



10

15

20

WO 2007/136754 PCT/US2007/011912

CONTROL MECHANISM FOR STEERABLE MEDICAL DEVICE

Cross-Reference to Related Application

This claims priority to and the benefit of Provisional U.S. Patent Application Serial
No. 60/801,808, filed May 19, 2006, the entirety of which is incorporated herein by

reference.

Technical Field
The invention generally relates to control mechanisms for medical devices such as
steerable catheters or steerable endoscopes. More particularly, the invention generally relates
to such mechanisms that enable an operator to control movement of a distal end or distal

portion end of an elongated medical device in a plurality of planes with a single hand.

Background Information

Known catheters and endoscopes for use in minimally invasive surgical procedures
typically move only in one plane and are difficult to manipulate and control effectively with
a single hand of an operator. Single plane movement generally requires a medical device,
such as a catheter, that is flexible in a first plane and rigid in a second plane that is
perpendicular to the first plane. Manufacturing such a device can be relatively expensive.
U.S. Patent No. 5,656,030 to Hunjan et al. describes a bidirectional stecrable catheter that
includes a handle, a deflectable tip, and a tubular member extending between the handle and

the tip. Steering wires run through a tubular member and provide control of the tip.
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Brief Description of the Drawings

The accompanying drawings, which are incorporated in and constitute part of this
specification, are included to illustrate and provide a further understanding of the disclosed
methods and systems and technology. The drawings help to show principles of construction
and operation. The drawings are illustrative, but not limiting.

FIG. 1 is an isometric view of a first representative embodiment of a handle for a
control mechanism for a steerable catheter or endoscope.

FIG. 2 is a cutaway view of the handle of FIG. 1.

FIG. 3 is a further cutaway view of the handle of FIG.1.

FIG. 4 is a left isometric exploded view of the handle of FIG. 1, illustrating only
internal components of the handle.

FIG. 5 is a right isometric exploded view of the handle of FIG. 1, illustrating only
internal components of the handle.

FIG. 6 is a partial cutaway view of the handle of FIG.1.

FIG. 7 is a close-up view of the view of FIG. 6.

FIG. 8 is a photograph of a partial cross-sectional view of the handle of FIG. 1.

FIG. 9 is a photograph of a side view of the handle of FIG. 1.

FIG. 10 is a partial cutaway view of an end of the handle of FIG. 1.

FIG. 11 is a partial cutaway isometric view of a second representative embodiment of

a handle for a control mechanism for a steerable catheter or endoscope.
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Description

The following description presents details of embodiments and examples according to
the invention, but the description is not intended to be limiting on the invention. The devices
and methods presented herein may be used for manipulating a relatively thin and flexible
elongate device. These devices and methods are particularly suited for manipulating the
elongate shaft, or just a distal portion of such a shaft, of an endoscope or catheter during
surgical procedures such as minimally invasive procedures.

For purpose of explanation and illustration, and not limitation, various views of an
exemplary embodiment of a handle, housing a control mechanism, is shown in Figs. 1-10 and
is designated generally by reference character 100. Another embodiment of a handle 1100
with a control mechanism is provided in Fig. 11, as will be described.

The handle 100 includes a main handle portion 110 and a rotatable handle portion
120, each of which is aligned along a common longitudinal axis 101. Reference number 111
indicates a distal end of the handle, with a proximal end indicated by reference number 121.

Figure 4 includes, for illustrative purposes, a coordinate axis 400, illustrating up 401,
down 402, left 403 and right 404 directions, as will be referred to herein. Also as seen in
Figure 4, four control wires 273a-d are provided, which correspond to each of these four
directions, each is configured at about 90 degrees from each adjacent control wire with
respect to the longitudinal axis 101. This arrangement of control wires, each of which is
controllable by an operator, enables convenient control of a catheter or endoscope in any
direction, that is in 360-degrees, about the longitudinal axis 101. While four cables are

illustrated, the principles of the invention can readily be applied to devices having one, two,
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three, four, five, six or more control wires, as needed or desired. Such control wires can be
arranged at regular angular intervals around the longitudinal axis 101.

A thumb-control lever 130 is provided in the rotatable handle portion 120, and has a
relatively deep concave contour and gripping elements 133 to facilitate secure control with a
user’s thumb. This lever 130 rotates along the longitudinal axis 101 with the rotatable handle '
portion 120. The lever 130 also pivots on pin 131, with respect to an inner mechanism frame
260b. See Fig. 2, for example.

This mechanism frame 260b is rigidly attached to or integrally formed v;/ith a turret
260a, which guides control wires and/or cables and can house return springs 375 in lobular
portions 261. The frame 260b and turret 260 rotate along the longitudinal axis 101 with the
rotatable handle portion 120, relative to the main handle portion 110. A lock 150 is provided
to lock the position of the lever 130 and the rotatable handle portion 120, when desired.

Control wires 273a-d, which extend through the catheter/endoscope shaft 990 (Fig. 9)
impart control movements to the end of the catheter/endoscope, and terminate at couplings
270. Control cables 271 are secured to the couplings and run toward the proximal end 121 of
the handle 100, but terminate at predetermined locations.

As can be seen in Figure 3, upper control cable 271 terminates at a termination 378 in
distal end wall 363 of the frame 260b. A lower control cable 572 (Fig. 5) terminates in a
similar fashion in the end wall 363. Side control cables 381, 385 terminate in a proximal end
wall 364 at terminations 279.

As seen in Figures 3-5 and 10, the side control cable 381 passes through the turret
portion 260a, and between two rollers 333, 335, while control cable 385 passes through the

turret portion 260a and between rollers 537, 539 on the opposite side of the lever 130.
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The springs (e.g. springs 375, 577) are situated within the turret 260a such that when
tension is applied to the control cables 381, 385, 271 or 572, the respective coupling element
270 is urged toward the proximal end 121 of the handle 100, thereby compressing the
respective spring. It is contemplated that the device can alternatively be provided without
such return springs, or that certain control aspects can be provided with return springs, and
other control aspects not provided with such springs. This determination can be made on the
bases of the task at hand and user preference.

While coupling elements 270 enable containment and compression of return springs
(e.g., springs 375, 577), as illustrated, they also facilitate use of different materials for control
wires 273a-d, which extend through the endoscope/catheter shaft 990 (Fig. 9), and for control
cables (e.g., cable 381) in the handle. This provides an advantage that relatively stiff
materials can be used for the control wires 273, while relatively flexible materials can be
used for the control cables. For example, even a woven material can be used as a control
cable. Since the movement of the control elements, such as the lever 130 and the moveable
handle portion 120, can be extreme enough so as to plastically deform certain rigid materials,
this decoupling of the control lines may be desirable.

As seen in Figures 2, 3, 8 and 9, a port 140 is provided for insertion of any necessary
instrumentation during a procedure. Screws 115 are provided to assemble the handle 100,
although the handle can be assembled by way of a snap fit, adhesive, weld, or other suitable
connection.

In use, an operator, such as a surgeon, will hold the main handle portion 110 in one
hand to support the handle 100, to allow the operator to insert the catheter or endoscope into

the patient, adjusting the longitudinal position of the catheter or endoscope. The-operator
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positions his/her other hand on the rotatable handle portion 120, placing his/her thumb on
lever 130. Directions will be described with respect to the orientation of the handle 100
illustrated in the figures, although this orientation would likely be different in actual use,
bearing in mind that the precise configuration of the device mechanism can easily be
reconfigured depending on the desired nature and behavior of the controls.

As can be seen, particularly in Figures 4, 5 and 10, distal movement of the lever 130
(toward a patient, for example), causes the lever 130 to rotate about pivot 131. Arm 435 of
lever 130, on which a first roller 333 and second roller 335 are mounted, will move in a
counter-clockwise direction about the pivot 131. Since the control cable 381 is secured at
termination 379, the second roller 335 will exert decreasing tension on the control cable 381
as the lever 130 moves, until the second roller 335 is no longer in contact with the control
cable 381. Thus, tension in control cable 381, and control wire 273¢ is minimized.

Simultaneously, during the distal motion of the lever 130, the complementary control
cable 385 is piaced under tension as follows. As the lever 130 and arm 435 rotate about
pivot 131, a straight segment 587 of the control cable 385 is rotationally displaced from the
resting position shown in Figure 5. Since the cable 385 is secured at end termination 47 9, as
a cable segment 589 between roller 537 and end termination 479 increases, the control cable
385 1is placed in tension and the control cable 385 is drawn through the turret 260a. The
spring 577 compresses due to the tension, and control wire 273d is pulled toward the
operator, causing the catheter/endoscope to bend in that direction, that is, toward the ri ght
404.

As can be seen, the control cables 381, 385 are wound around respective rollers 335,

335 and 537, 539 in opposite manners, so that motion of the lever 130 in one direction causes
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increased tension in one cable, while reducing tension or simply causing no tension in the
complementary or opposing cable. An alternate configuration of rollers is illustrated in
Figure 11.

In Figure 11, which illustrates an alternate émbodiment of rollers to exert tension to
turn the catheter/endoscope left 403 or right 404, stationary rollers 1137, 1139 are affixed to
a frame 1160, while movable rollers 1133 and 1135 move in connection with motion of the
lever 1130. As can be seen in Figure 11, the control cable 1187 passes over rollers 1133 and
1139, and under rollers 1137 and 1135. Thus, when the control lever 1130, which rotates
about pivot 1131, is moved proximally (toward end 1121), rollers 1133 and 1135 will
displace the control cable 1187, causing tension in the control cable 1187. Since the rollers
1133 and 1135 are not directly coupled to the control cable 1187, and are only on one side
thereof, respectively, distal movement of the lever 1130 will not affect the control cable 1187
on the illustrated side. However, in a similar manner to the embodiment of Figure 1-10, the
complementary control cable on the other side is oppositely wound with respect to the rollers
on that side (not shown). Accordingly, distal movement of the lever 1130 causes tension in
the complementary control cable while leaving the illustrated control cable 1187 unaffected.

Tension in each respective control cable will also cause a respective spring to
compress. The compression of the spring will aid return of the lever 130 to a neutral position
when relieved of external force by the operator.

In this manner, side-to-side motion of the catheter/endoscope can be achieved. As
should be apparent to one of skill in the art, a variety of arrangements of rollers and pivot
points are possible, while not departing from the scope of the present invention. Moreover,

one, two, three, four or more rollers can be utilized in order to tailor the displacement of



10

15

20

WO 2007/136754 PCT/US2007/011912

control cable to result in the desired control wire tension. Any rollers, regardless of the
number of rollers, can be adjusted with respect to the pivot point of the handle, to adjust at
what point, and to what extent, tension is applied or released.

Motion upward 401 and downward 402 is achieved in a slightly different manner
from left 403 - right 404 motion. Such upward and downward motion is achieved by
exerting tension on control wires 273a and 273b through rotation of the rotatable portion 120
of the handle 100. Control cables 271 and 572 pass from respective coupling elements 270,
through the turret 260a, and terminate at terminations 378 and 579, respectively at a distal
wall 363 of the mechanism frame 260b.

When held by the operator, as described above, the rotatable handle portion 120 can
rotate along interface 125, with respect to the main handle portion 110. The mechanism
frame 260b and the turret 260a rotate in conjunction with the rotatable handle portion 120.
As the rotatable handle portion 120, turret 260a and frame 260b rotate, upper and lower
control cables 271, 572, which are fixed to a wall 363 of the frame 260b, either rotate freely
with the turret 260a and frame 260b, or are i)artially restricted by one of two ribs 215, 216,
depending on the direction of rotation of the rotatable handle portion 120. As can be seen in
Figure 7, an exposed portion 773, 774 of each respective control cable 271, 572 is defined
between the frame 260b and lobular tubes 761, 763, respectively. The lobular tubes 761, 763
include an end (e.g., end 767) that are contoured to reduce stress concentration and/or
abrasion in the control cables 271, 572 when the frame 260b and turret 260a rotate. The ribs
215, 216 are provided in the main handle portion 110 on only one side of the control cables
271, 572. Since the main handle portion 110 is composed of two halves, these ribs 215, 216

are only provided in one of the halves.
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As the turret 260a and frame 260 rotate, one of the exposed control cable segments
773, 774 is prevented from rotating at a point by a respective rib 215, 216. Ends of the
segments 773,774 at the lobular tubes 761, 763 and at the terminations 378, 579 continue to
rotate, thus creating tension on the respective control cable, but not on both control cables.
As illustrated, for example in Figure 6, if the rotatable handle portion 120 is rotated
clockwise, with respect to the main handle portion 110, then the turret 260 will also rotate,
causing the upper control cable segment 773 to deflect against the upper rib 215. This will
cause increased tension in the upper control cable 271 and in the control wire 273a, causing
the end of the endoscope/catheter to deflect upwardly 401. At the same time a corresponding
spring in the turret 260a, if so equipped, will be compressed. With this clockwise motion, the
lower control cable 572 moves away from the lower rib 216, and therefore does not
experience increased tension. The compressive force experienced by the respective spring,
will aide return of the rotatable handle portion 120 to a neutral position.

Similarly, if the rotatable handle portion is rotated in a counter-clockwise direction,
the exposed segment 774 of the lower control cable 572 will contact the lower rib 216,
deflect and cause increased tension in the lower control cable 572. This tension will result in

increased tension in the lower control wire 273b. Of course, the upper control cable 271 will

~ rotate away from the upper rib 215, and not experience increased tension. The respective

return spring will be compressed and will facilitate return of the handle 120 to a neutral
position.
If desired, a stop can be configured to prevent undesired excessive rotation of the

rotatable handle portion 120 with respect to the main handle portion 110. If desired,
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additional rigidifying ribs, such as 1ib 617 can be provided to strengthen the main handle
portion 110.

As seen in Figures 8 and 9, the distal end of the handle 100 includes an adapter 893
for fitting of a catheter/endoscope tube 895, for insertion into the patient. The Jjunction
between the catheter tube 895 and the handle 100 is secured by a cover 990. Also as seen in
Figure 8, control wires (e.g. 273) can be secured to coupling elements 270 by looping the
wires though an eye 879 and clamping each wire to itself with a clamp 877. Although not
expressly illustrated, it is to be understood that any of the disclosed embodiments of the
handle can be coupled to or formed integrally with an elongate shaft to form an entire
medical device, such as a flexible or steerable endoscope or a flexible or steerable catheter.

Figure 10 illustrates a locking mechanism 150 to lock both the displacement of the
lever 130, with respect to the frame 260b, and the rotation of the rotatable handle portion 120
with respect to the main handle portion 110. The locking mechanism 150 includes a latch
1051, which includes a groove 1059 for sliding along a cutout 1023 in the wall of the rotating
handle portion 120. The latch 1051 includes a pawl 1057 positioned at an end of a
horizontally extending arm 1053. As the latch 1051 is moved toward the main handle
portion 110, the pawl 1057 engages a lower portion 1031 of the lever 130, thereby inhibiting
a change in position of the lever 130. The arm 1053 deflects and helps urge the pawl 1053
into engagement with the lower portion 1031 of the lever 130. At the same time, a distal end
1055 of the latch 1051 engages the main handle portion 110, which inhibits rotation of the
rotatable handle portion 120 with respect to the main handle portion 110. The pawl 1057 can
engage corresponding detents in the lever 130, or can simply engage the lever 130 by way of

friction. Similarly, the distal end of the lever 1055 can engage the main handle portion 110

10
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by way of engaging detents formed therein, or can engage the main handle portion 110
simply by way of a frictional engagement.

Materials used for the disclosed control mechanism can include any suitable material
for use in a surgical environment and/or for use inside the body of a patient such as a human
or other mammal. The materials used can be selected to be ones that are able to withstand
typical sterilization procedures, including the use of heat, chemical sanitizers, and irradiation.
In some embodiments of a control mechanism according to the invention, some or all of the
elements or components of the control mechanism can be made from plastic such as acrylic,
polyethylene, or the like. The control wires 273, which extend through the catheter or
endoscope shaft, typically will be relatively stiff, and such control wires can be made of
metal such as stainless steel. Control cables, such as cable 1187 of Figure 11, can be made
from any sufficiently strong and flexible material, and in some embodiments are made of a
woven material such as a woven polypropylene rope.

The methods, systems, devices, and technology described and shown herein relate to
control mechanisms that can be used with steerable or flexible medical devices such as
catheters or endoscopes. Control mechanisms according to the invention allow such
catheters or endoscopes to have superior properties including the practical ability to achieve
360-degree movement with the use of just a single hand of an operator (such as a surgeon or
another medical professional or other person) to control the mechanism. This disclosure is
not limiting, and various modifications, variations, and/or combinations can be made to what
is disclosed herein and such modifications, variations, and/or combinations are considered

part of this disclosure.

11
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Claims

1. A control mechanism for use with a steerable elongate medical device, comprising:

a frame including a plurality of lobular portions;

a main handle portion including distal and proximal ends which are aligned along a
longitudinal axis;

a rotatable handle portion including distal and proximal ends which are aligned along
said longitudinal axis;

a thumb-control lever including contour and gripping elements provided in said
rotatable handle portion;

a plurality of control wires for control of at least a distal portion of said steerable
elongate medical device in directions from said longitudinal axis, each of at least some of
said plurality of control wires terminating at one of a plurality of couplings;

a plurality of control cables secured to said couplings, each of at least some of said
plurality of control cables terminating at a predetermined location;

a turret portion through which a portion of said control cables pass;

a plurality of springs situated within said turret and housed within said plurality of
lobular portions; and

a plurality of rollers between which at least a portion of said plurality of control

cables pass through.

2. The mechanism of claim 1 wherein said frame is rigidly attached to said turret

portion.

12
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3. The mechanism of claim 1 wherein said main handle portion is assembled by way of

a snap fit, adhesive, or weld connection.

4, The mechanism of claim 1 wherein said thumb control lever pivots on a pin with

respect to said frame.

5. The mechanism of claim 1 wherein said plurality of control wires comprises four

control wires.

6. The mechanism of claim 1 wherein said plurality of control cables comprises four

control cables.

7. The mechanism of claim 1 wherein each of at least some of said plurality of control

cables are formed out of a woven material.

8. The mechanism of claim 1 wherein said turret portion includes springs situated

therein such that, when tension is applied to at least one of said plurality of control cables, at

least one of said couplings is urged toward said proximal end of said main handle portion.

13
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